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April 2008 
Description of Proposed Action 

Modification to the Interim Operations Plan at Jim Woodruff Dam 
 
 
The proposed action does not represent a new water control plan for Jim Woodruff Dam.  The 
proposed action is a modification of the current Interim Operations Plan (IOP), which is a 
definition of temporary discretionary operations within the limits and rule curves established by 
the existing water control plan (1989).  The drought plan incorporated into the proposed action 
would require a temporary waiver from the existing water control plan to provide for minimum 
releases less than 5,000 cubic feet per second (cfs) from Jim Woodruff Dam when the 
appropriate triggers are met and would also include provisions 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.  Operations under the proposed action will be 
implemented and continued until such time as additional formal consultation may again be 
initiated and completed, either in association with the proposed update and revision of water 
control plans for the Apalachicola-Chattahoochee-Flint (ACF) system, or sooner if conditions 
change or additional information is developed to justify a possible revision to operations. 
 
The U.S. Army Corps of Engineers, Mobile District (Corps) operates five Federal reservoirs on 
the ACF as a system, and releases made from Jim Woodruff Dam under the proposed action 
reflect the downstream end-result for system-wide operations measured by daily releases from 
Jim Woodruff Dam into the Apalachicola River.  The proposed action does not address 
operational specifics at the four federal reservoirs upstream of Jim Woodruff Dam or other 
operational parameters at these reservoirs unless the drought contingency operations have been 
triggered.  At that time, temporary changes to the amount and timing of storage at the Walter F. 
George and West Point projects would be triggered.  During normal operations, the proposed 
action does not include specific operational requirements at the upstream reservoirs other than 
the use of the composite reservoir storage of the system and releases from the upstream 
reservoirs as necessary to assure releases from Jim Woodruff Dam support and minimize adverse 
impacts to endangered or threatened species or critical habitat.  Because the listed species and 
critical habitat areas of concern are predominately located only on the Apalachicola River 
downstream of Jim Woodruff Dam, the primary operational consideration for the IOP and the 
proposed modifications are the timing and quantity of flows released from the dam. 
 
Like the current IOP, 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 IOP, 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 
modifies how the minimum discharge is determined and identifies conditions under which 
maintenance of the maximum fall rate schedule is suspended and more conservative drought 
contingency operations begin.  The proposed action does not change the current IOP basin 
inflow calculation (7-day moving average daily basin inflow), use of Chattahoochee gage to 
measure releases/river flow, use of volumetric balancing as described in the May 16, 2007 letter 
to the U.S. Fish and Wildlife Service (USFWS), nor the limited hydropower peaking operations 
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at Jim Woodruff Dam.  A detailed description of the proposed action and how it modifies the 
current IOP is provided below. 
 
Minimum Discharge:  Like the current IOP, the proposed action varies minimum discharges 
from Jim Woodruff Dam by basin inflow 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 IOP defines three basin 
inflow threshold levels that vary by two seasons (spawning and non-spawning season).  The 
proposed action defines additional basin inflow threshold levels that vary by three seasons: 
spawning season (March-May); non-spawning season (June-November); and winter (December-
February).  The proposed action further modifies the current IOP by also incorporating 
composite storage thresholds that factor into minimum release decisions.  Composite storage is 
calculated by combining the 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 storage utilizes the 
four Zone concepts as well; i.e., Zone 1 of the composite storage represents the combined storage 
available in Zone 1 for each of the three storage reservoirs.   
 
During the spawning season, two sets of four basin inflow thresholds and corresponding releases 
exist based on composite storage.  When composite storage is in Zones 1 and 2, a less 
conservative operation is in place.  When composite 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 storage falls below the bottom of Zone 3 into Zone 4 the 
drought contingency operations are “triggered” representing the most conservative operational 
plan.  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 
storage values when determining the appropriate basin inflow thresholds to utilize in the 
upcoming days. 
 
During the non-spawning season, one set of four basin inflow thresholds and corresponding 
releases exists based on composite storage in Zones 1-3.  When composite storage falls below 
the bottom of Zone 3 into Zone 4 the drought contingency operations are “triggered”. 
 
During the winter season, there is only one basin inflow threshold and corresponding minimum 
release (5,000 cfs) while in composite 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”.   
 
The figures below provide a graphical comparison of the operational provisions of the current 
IOP and the proposed action. 



Table 1. Proposed Action Modified IOP 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 >= 24,000 >= 16,000 Up to 100% BI > 16,000 

  >= 8,000 and < 24,000 >= 8,000 + 50% BI > 8,000 Up to 50% BI > 8,000 
  >= 5,000 and < 8,000 >= BI  
  < 5,000 >= 5,000  
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  
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 of 0.25 ft/day drop. 
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Jim Woodruff Outflow Based on Basin Inflow
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Jim Woodruff Outflow Based on Basin Inflow
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According to Reasonable and Prudent Measure (RPM) 3 of the Biological Opinion (BO), 
the current IOP includes a higher minimum flow provision that identified conditions 
where a desired minimum flow (6,500cfs) would be maintained and a “trigger” to 
determine those conditions when the required minimum flow (5,000 cfs) would be more 
prudent than the desired minimum flow.  The proposed action does not include this 
higher minimum flow provision.  We believe incorporation of additional basin inflow 
thresholds for the spawning and non-spawning seasons as well as composite storage 
thresholds meets the intent of the higher flow provision.   
 
Like the current IOP, 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 IOP other than to suspend it when composite storage is in Zone 4 and the 
drought contingency operation described below is implemented.  Unless otherwise noted, 
fall rates under the drought contingency operation would be managed to match the fall 
rate of the basin inflow.  Also, the proposed action does not change the use of volumetric 
balancing as described in the May 16, 2007, letter to the USFWS, which is intended to 
prevent a substantial drawdown of storage due to gradual down ramping while following 
declining basin inflow. 
 
Drought Contingency Operations:  The proposed action incorporates a drought 
contingency operation (referred to as drought plan) that does not exist in the current IOP.  
The drought plan is similar to the current Exceptional Drought Operations (EDO) in that 
it specifies a minimum release from Jim Woodruff Dam and temporarily suspends the 
other minimum release and maximum fall rate provisions until composite storage within 
the basin is replenished to a level that can support them.  The minimum discharge is 
determined in relation to composite storage and not average basin inflow under the 
drought plan.  The drought plan is “triggered” when composite storage falls below the 
bottom of Zone 3 into Zone 4.  At that time all the composite storage Zone 1-3 provisions 
(seasonal storage limitations, maximum fall rate schedule, minimum flow thresholds, and 
volumetric balancing accounting) 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.  



Table 2. Proposed Action Modified IOP 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 

8

 
*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 drought plan prescribes two minimum releases based on composite storage in Zone 4 
and an additional zone referred to as the Drought Zone (see Composite Storage Zones 
figure on the following page).  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.  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 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 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, fall rates will be limited to a 0.25 ft/day drop.  
The 4,500 cfs minimum release is maintained until composite storage returns to a level 
above the top of the Drought Zone, at which time the 5,000 cfs minimum release is re-
instated.  The drought plan provisions remain in place until conditions improve such that 
the composite 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 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. 
 
Although the drought plan provides for flows lower than 5,000 cfs in the river, 
incorporation of provisions that allow for reduced flows during the refill period when 
system storage is lower and storage conservation measures when composite storage is in 
Zone 4 should result in fewer occasions when these low flows are triggered or in 
occasions where storage shortages result in flows less than 5,000 cfs.   
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OFFICE OF THE GOVERNOR 

CHIEF OF STAFF 1 PAGE 02/84 

April 22, 2008 

-._- 

VTA FACSIMILE & U.S. MATL 

STATE C A P ~ I . .  
MONTGOMERY, ALABAMA 36130 

(-334) 242-7100 
FAX: (334) 242-0937 

Brig. Gen. Joseph Schroedel 
U.S. Army Engineer Division, South Atlantic 
Room 9M15,GO Forsyth St., S.W. 
Atlanta. Georgia 30303-8801 

Re: Revised. Interim Operations Plan 1 
Dcar General Schroedel: 1 

T am writing in. response to the draft revision to the T.n.terirn Operations Plan 
ApJachicola-Chat&h6ocheeP1int (ACF) River Basin that the Corps 
Wildlifc Service on April 15,2008. The State o f  Alabama opposes 
form. 

As an initial matter, t h m  can be little doubt that the revised. tOP has been wri with the primary 
objective of protecting water supply withdrawals by Atlantz-area entities. 
rcfu.sal by the Corps to cmfoxm its activities to applicable law. As the 
municipal and industrial warn supply is not a cmgressionally 

made in the complete absence of any legal authority. 

addition, as the Corps has acknowledged, the water supply contracts under wbi4h virtua.lly all wa1:er 
supply withdrawals were made fmm Lake Lanier e x p i d  in 1990, so currmt qthdrawals are being 

The recent decision by the United Sbtes Court of Appeals for the D.C. Circuit +ade clear that 
Congress must approvc a reallocati,on of Lake Lanier for water supply under thd Water Supply Act. 
The dmfk revised IOP endorses the & fact0 real1ocation of water supply that thci Corps has permitted 
at Lake Lanier without any recognition of the illegality of that reallocation. i 

There are many problems with the mined 10P beyond its fundamental incompa\ibility wit11 legal 
requirements. First and foremost, the revised IOP imperils downstream interest4 in Alabama. Under 
the draR plan, the only flow target that must be met is in the Apalachicola Because much or all 
o f  that flow requirement could be met out of flow h m  the un~gulated the result could 
be a radical curtailment of flows in the middle Cliattahoochee River 
example, if the requirement of 5,000 cfs in the Apalachicola River 
being met entirely out of flows fmm the Flint River, then all other 
storcd. Resulting diminution of flows in the Middle 
at the Farley Nuclear Plant and for other industry in Alabama. 
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Furthermore, the d u c t i o n  of flows in the Middle Chattahoochee could cause substantial, water 
quality problems as a result of the reduced assimilative capacity o f  the river. 

The Corps has repeatedly stated that the draft 1989 watm control plan is the manual by which it 
opaates the ACF system. While Alabama does not believe that the draft manual was promulgated in 
~ C C O ~ ~ ~ ~ C G  with law, the draft manual provides that water supply md watm quality are mong the 
purposes for which the f e d 4  projects in the system are operated. The Corps' revised IOP seems to 
take account of these concerns fw Lake Lanier, but not for the downswam interests in Alabama. 

We believe that it is essential that the Corps ammd. its draft revised TOP to include a flow requirement 
of 1850 cfs on an average weekly basis at Columbus, Geotgja and 2000 cfs on a daily basis at 
Columbia, Alabama, even if the resulting inflows to the Woodruff project from the Chattahoochee 
and Flint Rivers results in a discharge to the Apalachicola River in excess of the amount otherwise 
designated under the TOP. 

The i~clusian of flow requiments in the revised JOP for the Middle Chatlahoochae is atso 
compeIIed by the navigation needs of the system. It is undisputed that one of thc principal purposes 
of the ACF resewoh tyskm, as authori7sd by Congress, is navigation. Each of tho federal ,proj& in 
the ACF bas a role to play in rnaintaihing navigability. For example, the current reservoir regulation 
manual for Woodruff describes W o o M a s  "a multi-purpose project created primarily to aid 
navigation in the .Apalachicola River below the dam and in the Chattahmhee and Flint Rivers above 
the dam and to generate electric ,power." Apalacbicola River Basin reservoir Regulation Manual, 
Appendix A, Jim Woodruff Reservoir at A-1.0 (Rev. July 1985). To this end, the Corps is dinxted to 
maintain Woodruff at an elevation of  approximately 77 MSL while continuodly releasing inflows to 
the Apdachicok Rivet in order to support a nine-foot deep navigation channel. Id at .A-16, A-17. 
Continuous navigation operations are to be cut%ailed only during unusual low-flow events, consistent 
with static bead limitations. Id at A-1 8. 

Upstream, the Andmws Reservoir is described in its Reservoir Regulation Manual as "a single 
purpose project designed to aid navigation by providing a 9-faot navigation channel and by 
maintaining a more uniform downstrram flow." Apalachicola River Basin Reservoir Regulation 
Manual, Appendix D, George W. Andrews Reservoir at D-5 (Rev. Feb. 1978). Because Andrews. 
like Woodruff, is a run-of-river project, Andrews aids navigation primarily by passing inflows 
released from the upstroam project.. All efforts are to be made to ensure Andrew's tailwater does not 
drop below elevation 77 MSG--the minimum elevation needed to maintain a nine fmt navigation 
channel. See id. at D-26. When Andrews can no longer support this tailwater elevation, 
"'artangements may have to be made f ir  limited opedon ofthe Walter F. k g e  power plant, or fm 
equivalent spillway discharges." Id. Indeed, all three of the upstream resmoirs-W.F. George, 
West Point, and Lmier-are required to suppctrt navigation Born Columbus, GePrgia to the Gulf of 
Mexico. As the Corps' 1989 Draft Water Control Plan recognizes, "all three of the major storage 
projects wiIl be utilized tu provide the designated level of support" for navigation "for as long as 
possible and, of course, preferably yearound," ACF Basin Water Control Plan at 17-1 8 (Rr& Oct. 
1989). 
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When. the ACF reservoirs are operated to meet the elevation and flow targets pecified in the 
Woodruff and Andrews manuals, the Farley plant's optional requirements met. The Corps' 
W.F. George Reservoir Regu.laticm Manual specifically mcognizes that "Far1 has an intake structure 
that provides cooling water for its nuclear fuel, and is dependent upon a river- tage above 76 MSL for 
s& operation,." Apalachicola River Basin .Reservoir Regulation Manual, A ik dix C, Walter F. 
George Dam at C- 13 (Feb. 1993), When the navigation channel is proper1 y m intained, these 
elevation and flow targets dso ensure access to and .from the Farley piant by 4 ter. The Farley plant 
was specifically designed and h i l t  on the assumption that the Corps would o 
Reservoirs to ensum a minimum elevation of 76 MSL between hdt.ews and 
i s  located, for as much ofthe year as possible. 

Notwithstanding these clear requirements c d n e d  i the manuals p e m i n g  the ACF projects, the 
revised IOP simply ignores the navigation issue altogether. By placing the focps on Lake hnier and 
on. flows in the Apalachicola River, the interests in the Middle Cbsttab.oochee forgotten, left to 
hope tha the other requirements of the revisd IOP will 171itousla fiFhem. This is not a 
situation that Alabama can accept. i 

We also have significant concerns pertaining to the use of' composite b i n  ge as defined in the 
draft revised IOP. The focus of the C q s  on the protection ofLako Lan ierxe  d&mmt ofthe 
downsbeam interests i s  underscored by the definition of the drought zone as th$ inactive storage in 
Lanier, West Point, and W.F. George, plus Zone 4 at Lanier only. Of even 
dependence on action mna fw setting flow at Woodruff because Lake 
based appruach. The w i s e d  TOP lacks any provisions to deal with a 
relatively full but West Point and Eufiufa ate at a relatively low 
Zone 1, then the composite storage will almost certainly show 
and W.F. W r g e  could be almost empty at the same time, and 
high releases. The draft revised TOP must be remedied to 

At bottom, it a p p m  as though the intmests and needs of Alabama in the ACF gave been vl'nrtually 
forgotten in the prepdon of the revised IOP. The Cotps n d s  to step-bnck ahd conduct a thmugh 
assessment of the e W s  of its draft on these interests. I will make Alabama's t&mical team 
available to your staff to kilitate your review. : 

Bob Riley 
Governor of  Alabama 

cc: Honorable Dirk Kempthome 
Honorable James Connaughton 
Honorable John Paul Wdley  
Lt. Gen. Robert Van Antwerp 























































































































































































































































































































































                        

A NON-PROFIT ORGANIZATION DEDICATED TO THE PROTECTION AND STEWARDSHIP OF THE APALACHICOLA RIVER AND BAY 

23 AVENUE  D  APALACHICOLA  FLORIDA 32320  850.653.8936  RIVERKEEPER@APALACHICOLARIVERKEEPER.ORG 

 
 
  

 
May 20, 2008 

 
Ms. Gail Carmody  
US Fish & Wildlife Service 
1601 Balboa Avenue 
Panama City, FL  32405 
 
RE:  Modifications to Interim Operations Plan (IOP) at Jim Woodruff Dam-April 15, 2008 
 
Dear Ms. Carmody: 
 
This letter is to express our continued opposition to the reduction in flows proposed in the 
referenced IOP to the Fish and Wildlife Service by the Corps of Engineers.  Please consider 
these comments in your determination.  Our comments are focused on the following issues: 
 
1. Proposal lacks consideration of providing a flow regime with timing, duration and 

volume required to sustain the fish and wildlife of the Apalachicola River and Bay 
on which the economies of the local communities depend.   

 
• Local observations document that the 1989 IOP, current IOP, and proposed IOP 

have caused severe impacts to endangered species and the entire Apalachicola 
ecosystem (see ATTACHMENT ITEMS 1, 3, & 8 for additional information); 

• Studies have been provided documenting that die offs of the endangered mussels 
such as those experienced last year are likely to result in extinction of the mussels 
on the Apalachicola (see ATTACHMENT ITEM 2 for additional information); 

• The Corps has ignored the authorization from Congress to protect fish and wildlife 
as an authorized use of the system, and have focused its Apalachicola concerns 
solely on endangered species (see ATTACHMENT ITEM 8 for additional 
information); and 

• U.S. Fish and Wildlife Service previous Biological Opinion focused primarily on 
the endangered species and should have considered flows that provide for the 
broader indicators for fish and wildlife and the habitats that sustain them (see 
ATTACHMENT ITEMS 1, 2, & 8 for additional information).   

 
2. Methodologies used in the IOP favor North Georgia water supply and are 

biased in its allocation of water resources for purposes not authorized by 
Congress. 

   
• The Corps proposed IOP was developed without comprehensive assessment of 

impacts to downstream Florida water users and therefore contains a built-in bias to 
provide water to the North Georgia water users (see ATTACHMENT ITEMS 3, 4, 
5, & 6 for additional information); 

    APALACHICOLA   RIVERKEEPER ® 
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• The proposed IOP uses triggers that impose all the consequences of the drought on 
the Florida portion of the basin and impose no requirement on Georgia to conserve 
or reduce water use - unnecessarily sacrificing endangered and threatened species 
(see ATTACHMENT ITEMS 3, 4, 5, & 6 for additional information); 

• Triggers should be incorporated into the proposal that impose incentives or 
requirements for conservation and reduction of use to upstream water users; and is 
necessary for the Corps to equitably, effectively, and realistically manage the ACF 
system in compliance with federal law to avoid take (see ATTACHMENT ITEMS 
5 & 6 for additional information); and 

• The State of Georgia leadership has repeatedly demonstrated its willingness to 
sacrifice endangered species, Florida economies and communities, and treasured 
natural resources without imposing reasonable and prudent measures to protect and 
conserve its water supply, all the while blaming the Corps and Florida for purported 
shortages to its water supply (see ATTACHMENT ITEM 7 for additional 
information).  

 
3. The 1989, current and proposed IOP conflicts with National Water Policy and 

the legality of all of these IOPs is questionable at best. 
 

• National Water Resources Planning Policy directs that the all water resources 
projects should protect the environment by protecting the functions of natural 
systems and mitigate any unavoidable damage to natural systems. 

• Water supply is not an authorized purpose of the ACF project and the intent of this 
proposal is to provide for water supply (see ATTACHMENT ITEM 3 for additional 
information).  The ruling by the Federal Appeals Court in Washington, D.C. this 
year stated that water supply was outside of the Corps authority without 
Congressional approval.  This ruling also clarified that the allowable actions under 
the Water Supply Act are being overstepped by the Corps action; 

• A NEPA process is required for the type of changes made in the 1989 and 
subsequent IOPs.  The short time frames arbitrarily imposed by the current 
Biological Opinion and its predecessor are not supportable; and 

• The action lacks the required “consistency” with the State of Florida’s Coastal 
Management Plan; therefore the proposed IOP is inconsistent with the Florida 
Coastal Management Plan approved by NOAA in 1981. 

 
The Apalachicola River and Bay represent one of, if not the, last great riverine and 
estuarine system functioning in a highly productive state.  We stand with you at a common 
threshold to decide if we will follow our predecessors who erred trying to meet insatiable 
demands with the resultant loss of unique and valuable resources such as the Florida 
Everglades and Colorado River.  Billions of dollars are being spent to “restore” these 
systems to a remnant of their former natural condition and productivity.  Please stand to 
reverse a long standing trend to destroy our nation’s very best natural resources for the 
benefit of short term financial gain of a few.  We sincerely hope that the USFWS will not 
see fit to participate in the continuation of this destruction of our public resources and 
heritage. 
 



                        

A NON-PROFIT ORGANIZATION DEDICATED TO THE PROTECTION AND STEWARDSHIP OF THE APALACHICOLA RIVER AND BAY 

23 AVENUE  D  APALACHICOLA  FLORIDA 32320  850.653.8936  RIVERKEEPER@APALACHICOLARIVERKEEPER.ORG 

Thank you for consideration of these comments.  If you have questions, please do not 
hesitate to contact me. 
 
Best regards, 
 

 
 
Dan Tonsmeire 
Riverkeeper 
 
ATTACHMENT: ADDITIONAL INFORMATION REFERENCED IN LETTER 
 
 
 
CC:  Governor Charlie Crist 
 Michael Sole – Secretary of DEP 
 Colonel Byron Jorns- Commander, Mobile District, U.S. Army Corps of Engineers 
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ATTACHMENT  
ADDITIONAL INFORMATION FOR USFWS MAY 20, 2008 LETTER 

 
1. The Endangered Species Act (ESA) is primarily focused on the preservation of the 

identified species, including their habitats needed to perpetuate the species.  The 
links between floodplain species, fish, spawning, and nutrients for growth and 
reproduction are complex and often extremely difficult to completely understand.  
However, observations by local individuals, state, regional and federal agencies 
over the past year verify and document degradation and change to the Apalachicola 
River floodplain, delta, and estuary and indicate the entire ecosystem is under 
severe stress which could result in irreversible long-term impacts.  The data from 
last year leave very little room to dispute that the Apalachicola ecosystem cannot 
withstand a continuation of the conditions the Corps has arbitrarily defined and 
proposed without a full and comprehensive study of what the impacts will be and 
alternatives might include.   

 
2. For the specific threatened and endangered species, the loss of tens of thousands of 

Fat Three Ridge mussels has been documented.  A report that was submitted to your 
office (Simulation Models of Harvested and Zebra Mussel Colonized Three Ridge 
Mussel Populations In the Upper Mississippi River co-authored by one of the Corps 
scientist that has studied the Apalachicola mussel populations), portrays a similar 
die off which resulted in the extinction of a local population of this same species of 
mussels.    This information should be sufficient to take action that will prevent 
further jeopardy of the species and at the same time provide a better opportunity for 
the entire Apalachicola ecosystem and affected Florida local economies to survive.   

 
3. This current IOP proposal in effect allocates a limited amount of water to supply the 

North Georgia metropolitan area without adequately considering the negative 
impacts to water users downstream from the Atlanta Regional area, including the 
Apalachicola River and Estuary.  The proposal could provide extended duration of 
low flows beyond what was allowed last year without imposing consequences to the 
North Georgia water users.  A comprehensive impact assessment should be 
undertaken that includes the impacts/harm that resulted to the resources of the River 
and Bay last year.    

 
4. “Basin inflow” as currently used by the Corps is a calculated parameter which 

ignores depletions (withdrawals and evaporation) from the system.  These 
depletions lower the actual basin inflow to the system and move it closer to 
thresholds which trigger reduction in flows downstream to the Apalachicola.  Once 
thresholds are reached, more water is held back for upstream use.  Therefore, the 
more water depleted from the system, the quicker downstream flows will be 
reduced with commensurate increases in impacts.  Because the depletions are left 
out of the calculation it is impossible to measure the impact of depletions or levy 
any measurable impact on upstream water supply uses.   
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5. Similarly, using composite storage levels as a trigger to reduce flows downstream 
provides no incentive to upstream users to conserve water in the system.  The more 
expediently basin inflow and composite storage are reduced by withdrawals the 
quicker water is held back for upstream users at the expense of the Apalachicola 
River and Bay.  The net result of these two triggers is an incentive to withdraw 
more water from the system and expedite reduction in releases downstream.  The 
proposed trigger of a calculated basin inflow should be changed and replaced with a 
trigger that is based on rainfall.  This may require that a relationship between 
rainfall and historic inflow be developed.  The triggers in the proposal should also 
incorporate a means to require the State of Georgia to reduce withdrawals and share 
in the impacts of a drought.   

 
6. The current IOP proposal you have received for sustained reductions in flow lacks 

recognition of historic, documented uses in Florida while favoring upstream water 
users.   Past and future water supply contracts that the Corps would endeavor to 
legally authorize should include language that enables the Corps to reduce storage 
and withdrawals specified in those water contracts when basin inflow (based on 
accurate metrics) reaches a certain threshold.  This would allow for a commensurate 
reduction to be implemented across all users upstream and downstream.  Without 
this type of control measure, the end result will be an inequitable loss of the 
economic livelihoods of one area for the gain of another. 

 
7. Georgia has demonstrated it is willing to take any advantage to increase its water 

supply.  In February of this year the leadership of Georgia opted to relax water use 
restrictions.  On March 1, Georgia passed up an opportunity to declare a drought 
which would have enabled the State to reduce agricultural irrigation use and 
provide those waters in the Flint River to augment flows to the Apalachicola.  
While claiming that the criteria were not met to enact these measures on the Flint, 
the criteria for meeting water quality at Peachtree Creek below Atlanta was 
requested to be overridden to save water in Lake Lanier.  These actions are clearly 
arbitrary and capricious in forming decisions that respect or ignore criteria to 
achieve an economic advantage to Georgia water users.  Such arbitrary decisions 
should not be overlooked in the course of your decision to allow further loss of 
endangered species.  

 
8. The observations of 2007 impacts to the Apalachicola Estuary are undeniable.  The 

authorized purpose associated with Jim Woodruff Dam for fish and wildlife should 
be given more consideration than the unauthorized purpose used by the Corps to 
provide water supply for North Georgia.   Reduced and sustained low flows will 
surely cause crop failure for oysters, shrimp, crawfish and result in a tremendous 
domino effect throughout the food chain from the River to the Bay to the Gulf of 
Mexico, costing livelihoods of thousands of Floridians.   These impacts will not be 
short lived; the recovery of the Apalachicola ecosystem will be prolonged and 
uncertain.  Who better to point this inconsistency out to the Corps than the 
USFWS? 
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May 30, 2008 
 
Ms. Gail Carmody 
Supervisor, Ecological Services 
U.S. Fish and Wildlife Service 
1601 Balboa Avenue 
Panama City, FL 32405-3721 
 
RE: Public Comment on Potential Impacts to Endangered Species Related to Reduction 
in Water Flows in the Apalachicola-Chattahoochee-Flint River (ACF). 
 
Dear Ms. Carmody, 
 
We are writing to express our concern for federally listed species in relation to the Army 
Corps of Engineers, Mobile District, and (Corps) proposed Modification to the Interim 
Operations Plan at Jim Woodruff Dam (Plan), to which they’ve requested from your 
office a Section 7 consultation pursuant to the Endangered Species Act (ESA).  The 
Florida Coastal and Ocean Coalition, representing seven conservation organizations 
with over a million members and supporters across the country and more than 200,000 
in Florida, believes the Corps’ proposed action would not only adversely modify vast 
areas of critical habitat for federally listed species but jeopardize the existence of the 
Gulf Sturgeon and protected mussel populations in the Apalachicola-Chattahoochee-
Flint River (ACF) watershed.  
 
As you know, the coastal estuary of Apalachicola Bay needs dynamic flows of fresh 
water to support its floodplain and the complex ecosystem that supports habitat for 
numerous federally protected species.  The Corps Plan, similar to the current operating 
plan, creates extraordinary long durations of low flows resulting in higher salinities within 
critical habitat areas.  As noted by the Florida Fish and Wildlife Conservation 
Commission (FWCC) in previous comments to your office, salinities under the current 
plan are 3 to 4 times higher than average salinities. 
 
We believe the salinity issue raised by FWCC strongly supports a jeopardy 
determination under the applicable criteria of the ESA.  It is a serious concern to us that 
FWCC documents “most, if not all” of the freshwater submerged aquatic vegetation in 
Apalachicola Bay, an area known to be preferred habitat for juvenile and sub-adult Gulf 
sturgeon, disappeared during the summer of 2007 when long duration, low flows took 
place.  This adverse modification of habitat likely had cascading effects throughout the 
food web, further stressing the species.  It is reasonable to infer that this stress 
significantly interfered with the species’ rate of growth, reproduction and development.  
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This adds to the cumulative impacts of additional stressors related to a longer 
developmental period in which predation is likely, coupled with an altered habitat 
environment inviting “higher salinity” species to prey upon them. 
 
It is this cumulative and cascading effect of adverse impacts on both critical habitat and 
critical life stages, due to human activities, which is most troubling.  The proposed 
Plan’s stagnant rates of reduced flows will interfere with essential flooding of coastal 
marshes that, according to normally fluctuating tidal surges, creates a dynamic mix of 
fresh and saltwater allowing a multitude of flora and fauna to thrive.  Stagnant low flows 
also significantly decrease the influx of nutrients into the coastal flood plain and further 
downstream into the tidal system and the offshore environment.  
 
We are also deeply concerned about the impacts that low flows are creating along the 
Gulf shelf where numerous stakeholders and federal agencies have invested time and 
resources for protection of species and fisheries.  As I’m sure you are aware, 
Apalachicola Bay has been recognized as an exceptionally valuable estuarine system, 
one of the most outstanding left in the United States.  The Gulf of Mexico is also an 
exceptional natural resource for America and the Gulf is reliant upon the health of the 
ACF system in order to maintain its vitality.  
 
On behalf of the hikers, birders, hunters, fishermen, divers, scientists, researchers, and 
citizens to whom the Coalition represents, we call upon the U.S. Fish and Wildlife 
Service to protect and defend the unique species inhabiting the ACF.  America has a 
long tradition of placing the value of species protection in high regard; the ESA is an 
embodiment of those values.  We encourage your office to be bold in fulfilling its critical 
role in this process, being the trigger to a framework compelling societal balance and 
sustainability with nature. 
 
Sincerely, 
Gary Appelson – Caribbean Conservation Corp. 
Sarah Chasis, J.D. – Natural Resources Defense Council 
Ericka D’Avanzo – Surfrider Foundation 
Jerry Karnas – Environmental Defense Fund 
Paul G. Johnson – Reef Relief 
Joe Murphy – Gulf Restoration Network 
David White, J.D. – Ocean Conservancy 
 

cc: Honorable Members of Florida’s Congressional Delegation  
Charlie Crist, Florida Governor 
Dirk Kempthorne, U.S. Department of Interior  
Jim Connaughton, U.S. Council on Environmental Quality 
Dale Hall, Director, U.S. Fish and Wildlife Service 
Sam Hamilton, Regional Director, U.S. Fish and Wildlife Service 
Mike Sole, Florida Department of Environmental Protection 
Ken Haddad, Florida Fish and Wildlife Conservation Commission 
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Mr. Curtis M. Flakes 
Chief, Planning and Environmental Division 
Mobile District 
U.S. Army Corps of Engineers 
P.O. Box 2288 
Mobile, AL 36628-0001 
 

Ms. Gail Carmody 
Supervisor, Ecological Services 
U.S. Fish and Wildlife Service 
1601 Balboa Ave. 
Panama City, FL 32405-3721 

May 29, 2008 

 
Re:  Proposed Modifications to Interim Operations Plan for ACF Reservoirs 

 

Dear Mr. Flakes and Ms. Carmody: 

I offer the following comments on the Corps’ proposed modifications to the Interim Operations 
Plan (“MIOP”) for its reservoirs in the Apalachicola-Chattahoochee-Flint (“ACF”) River Basin 
on behalf of the Atlanta Regional Commission, the City of Atlanta, Georgia, Fulton County, 
DeKalb County, Cobb County-Marietta Water Authority, and the City of Gainesville, Georgia 
(collectively, the “Water Supply Providers”).  Technical materials prepared by Megan Rivera, 
Ph.D. of Hydrologics, Inc. and George McMahon, Ph.D. of Arcadis are also attached. 

First, let us begin by expressing our sincere appreciation to you and your respective agencies for 
your efforts to manage water resources in the ACF Basin.  Although we strongly disagree with 
many of the decisions that have been made, and with the process used to make them, we do 
understand that you are using your best efforts in an extremely difficult situation. 

The following comments are organized in two sections.  The first section is directed at specific 
provisions of the MIOP.  The second addresses a number of more fundamental considerations 
that need to be considered in the development of the new Water Control Plan for the ACF Basin.   

To summarize our evaluation of the MIOP, we believe that, while it represents a slight 
improvement over the original IOP, it suffers from many of the same fundamental flaws.  We 
have already shown that better alternatives exist.  We urge you to give serious consideration to 
these alternatives rather than continuing to make incremental changes to a plan that should never 
have been adopted in the first place.   

Indeed, we are extremely concerned that the MIOP will form the basis for the Water Control 
Plans that are currently in the process of being developed.  We can and must do better.  In other 
words, although we understand that we will likely have to live with the IOP/MIOP framework 
for some time to come, we believe this framework should be set aside at the first opportunity. 
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1. Comments on Specific Provisions of the MIOP 

1.1 Refill Opportunities Are Still Too Limited 

As the events of the past year demonstrate, the IOP’s minimum flow requirements and 
restrictions on the Corps’ ability to store water are unsustainable during a prolonged drought.  
The MIOP alters these provisions in several ways, and in this respect, constitutes an 
improvement over the IOP.  Indeed, the modifications allowing storage of all flows above 5,000 
cfs from December to February and reducing the prohibition on storage to 50% of Basin Inflow 
are welcome changes. 

However, these modifications do not go far enough.  Refill opportunities are still severely 
restricted during the wet period from March to May and the 50% prohibition on storage is too 
restrictive.  The MIOP ensures that reservoir levels are consistently lower than is beneficial to 
many users in the system.  These provisions can and should be modified to allow greater 
opportunities to refill the reservoirs.  This would substantially benefit the reservoir system, and 
all those who rely upon it, with little to no effect on downstream flows.   

Florida would have the Corps believe otherwise.  In its letter dated May 15, 2008, Florida 
complains that release requirements for certain periods have been reduced under the MIOP to 
50% of Basin Inflow, as opposed to 70% of Basin Inflow under the original IOP.  As a result of 
this change, Florida claims that “flows to the Apalachicola River will be reduced by up to 20% 
of basin inflow under the Modified IOP in comparison to the original IOP.”  This is simply not 
correct.   

The reality is that only a small fraction of Basin Inflow can actually be captured in storage, 
regardless of what the MIOP might allow.  The fraction of Basin Inflow that can be stored 
depends on the distribution of inflow in relation to storage.  Of the 17,230 mi.2 drainage basin 
above Lake Seminole, 95% is below Lake Lanier, which represents 65% of total system storage; 
80% is below West Point, which, together with Lake Lanier, represents 85% of total system 
storage; and 57% is below Walter F. George, which is the last storage project in the system.  See 
Figure 1.  In other words, run-off from 57% of the basin cannot be captured in any reservoir and 
80% of the basin is controlled by the smallest storage project in the system, with only 244,000 
acre-feet. 
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Figure 1. Conservation Storage and Drainage Basin for ACF Reservoirs.   

The end result is that only a small fraction of Basin Inflow can actually be captured and stored in 
the federal reservoirs, because of their location in the basin, no matter what the rules 
theoretically allow.  For example, for the period from January 2007 to present, the MIOP 
provision allowing storage of up to 50% of Basin Inflow would result in the actual storage of 
only 8% of Basin Inflow—the remaining 92% would pass downstream to Florida.  Similarly, for 
the period from 2003 to 2004, the Corps would actually be able to store only 1% of Basin Inflow 
under the MIOP, whereas 99% would be passed downstream to Florida. 

Because the Corps’ ability to store water is so limited, the provision of the MIOP theoretically 
allowing storage of up to 50% of Basin Inflow cannot significantly impact flows in the 
Apalachicola River.  Figure 2 through Figure 4 illustrate this point by comparing flows at the 
Chattahoochee gage under the IOP with those under the MIOP for three 2-year periods.1  As 
these figures show, changes in storage limitations under the MIOP have virtually no effect on 
flows at the Florida line.  

                                                           
1 All simulations discussed in this letter were prepared by Hydrologics, Inc. using the OASIS platform.  Information concerning the validation of 
this model against HEC-5 is provided in Exhibit A.  The models produce essentially the same results when the same assumptions are used.  
OASIS was used in preference to HEC-5.  We would be happy to answer any questions that the Corps or Fish and Wildlife Service might have 
about these model runs. 
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Figure 2. Comparison of flows at the Chattahoochee gage under IOP and MIOP for period 
from January 2000 through December 2001. 

0

20000

40000

60000

80000

100000

Ja
n-
03

Fe
b-
03

M
ar
-0
3

Ap
r-0

3

M
ay

-0
3

Ju
n-
03

Ju
l-0

3

Au
g-
03

Se
p-
03

Oct-
03

No
v-
03

De
c-
03

Ja
n-
04

Fe
b-
04

M
ar
-0
4

Ap
r-0

4

M
ay

-0
4

Ju
n-
04

Ju
l-0

4

Au
g-
04

Se
p-
04

Oct-
04

No
v-
04

De
c-
04

Fl
ow

 (c
fs

)

IOP MIOP  
Figure 3. Comparison of flows at the Chattahoochee gage under IOP and MIOP for period 
from January 2003 through December 2004. 
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Figure 4. Comparison of flows at the Chattahoochee gage under IOP and MIOP for period 
from May 2007 through April 2008. 

 

From this, two things are clear.  First, Florida’s argument that the MIOP will result in 
significantly reduced flows in the Apalachicola River is plainly not correct.  Second, the Corps 
can and should utilize every opportunity to store water when such opportunities arise—and, 
given the placement of storage within the basin, such storage will have little appreciable effect 
on flows at the Florida line. 

1.2 Down-Ramping Rates Are Unnecessary and Unreasonable 

The ramping restrictions in the MIOP revert back to the rules set forth in the original IOP, which 
had previously been modified with the approval of the United States Fish and Wildlife Service.  
We believe the modified ramping restrictions approved by USFWS on October 19, 2008 were 
more appropriate. 

The ramp-down restrictions in the MIOP require the Corps to release large amounts of water 
from storage to “smooth out” the natural variations in stream flow that occur when it rains. 
Instead of storing water associated with rainfall events, as it could and should, the Corps is 
instead required to release substantial amounts of water from storage to provide a gradual ramp-
down from the high flows that result from these rainfall events.  The result, at times, has been 
that rainfall events may actually reduce storage rather than increasing it.   

This is not appropriate.  Ramp-down requirements should not be imposed to reduce the rate of 
fall of the river after a natural rainfall event.  Rather, ramping requirements should only be used 
to transition between significant man-made alterations of the flow regime, such as between 
spawning and non-spawning flows or between navigation releases and normal operations.  
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The modified ramp-down restrictions in effect since October 2007 took these considerations into 
account.  As we understood that rule, ramp-down restrictions were tied to the “Basin Inflow fall 
rate” rather than to the IOP maximum fall rate schedule.  The one problem with the rule 
approved by the Service in October 2007 is that it might be necessary at times to ramp-down 
even when Basin Inflow is rising or remaining steady.  Therefore, we suggest that the fall rate 
should be the maximum of (1) the Basin Inflow fall rate; or (2) the maximum fall rate schedule.   

1.3 The “Volumetric Balancing” Scheme Is So Restricted as To Be Useless  

Although the Corps originally stated, when it adopted the IOP, that it would employ “volumetric 
balancing” to recapture storage that is used to meet ramp-down requirements.  The limitations 
stated in the letter to the Fish and Wildlife Service dated May 16, 2007 essentially negate this 
commitment. 

The letter includes several conditions that must be met for storage credits to accumulate:  (a) the 
actual release must be greater than the minimum required by the IOP; (b) the release required to 
comply with the fastest ramping rate allowed is greater than the minimum IOP required release; 
(c) today’s release is less than yesterday’s release (i.e., downramping is occurring); and (d) 
today’s total storage is less than yesterday’s total storage.  When all of these conditions are met, 
the credit is equal to the lesser of (a) the decline in storage; or (b) the difference between the 
actual release and the minimum IOP required release.   

We can think of no logical basis for limiting the accumulation of storage credits to situations 
where system storage is actually declining.  A restriction preventing the accumulation of storage 
is no different from a requirement to release storage.   

Two other aspects of the volumetric balancing scheme are particularly problematic.  First, the 
letter states that volumetric balancing must be accomplished within 10 days and may not involve 
more than 10,000 day-second-feet (dsf) of storage.  There is no basis for these temporal and 
volumetric limits.  If the Corps is required to expend large quantities of storage to slow 
artificially the river’s natural rate-of-fall, it should be permitted to recoup that storage as flows 
permit.  Second, “credits” can only be used during high-flow periods (above 10,000 cfs).  At 
such times, storage credits simply serve to refill the lower reservoirs a few days earlier.  As a 
result, the storage that is “saved” by applying volumetric credits is “spilled” a few days later 
when the reservoirs are full.   

These limitations render the volumetric balancing scheme essentially worthless.  For example, 
by our calculations, ramping requirements caused approximately 90,000 acre-feet of water to be 
released in excess of IOP release requirements from May to October 2007.  Of this amount, only 
3,000 acre-feet could have been recovered through volumetric balancing in accordance with the 
restrictions imposed by the May 16, 2007 letter.  See Exhibit B.  

1.4 The MIOP’s Drought Provisions Are Flawed 

The MIOP constitutes a definite improvement over the IOP to the extent that elements of the 
Exceptional Drought Operations (EDO) Plan have been included.  The absence of any such 
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drought provisions was obviously a major omission in the original IOP.  Nevertheless, two of 
these provisions need to be changed.  

1.4.1 The Use of “Composite Storage” as the Trigger for Drought Operations Ignores 
Special Consideration that Should be Given to Lake Lanier.  

First, we continue to object to the use of a drought trigger based on Composite Storage.  
Composite Storage does not accurately reflect the status of system storage.  Because the lower 
reservoirs refill so quickly, in comparison to Lake Lanier, it is possible for system storage to be 
in Composite Zone 2—the threshold under the MIOP for ending Drought Contingency 
Operations—even while Lake Lanier is still in Zone 4.   

To assess this probability we modeled the probability that system storage would reach 
Composite Zone 2 by April 30, 2009 under the MIOP, based on starting conditions as they 
existed on May 1, 2008.  Probabilities were calculated using the Hirsch method to prepare 
conditional streamflow forecasts.  The results are provided in Table 1 below.  The analysis 
shows a 62% probability that system storage will reach Composite Zone 2—and hence that 
drought operations will end—at a time when Lake Lanier is still in Zone 4.  This shows that the 
Drought Contingency Operations will terminate too soon in most cases.  See Exhibit C. 

Table 1. Probability that System Storage Will Reach Composite Zone 2 by April 1, 2009, 
Terminating Drought Operations, While Lake Lanier is in a Given Zone 
 
 System Storage Reaches Composite Zone 2 When 

… 
 Lanier is 

in Zone 4 
Lanier is 
in Zone 3 

Lanier is 
in Zone 2 

Lanier is in  
Zone 1 

System Storage Does Not Reach  
Composite Zone 2 

# years in 
simulation 

42 of 67 10 of 67 0 of 67 0 of 67 15 of 67 

probabilit
y 

62% 15% 0% 0% 22% 

 
Instead of using Composite Storage, drought operations should continue until Lake Lanier is in 
Zone 1.  Alternatively, it is possible to construct a rule based on forecasts of the probability that 
Lanier will refill within a certain period of time.  Such a rule would have the potential to 
optimize operations using the best available information. 

1.4.2 The “Drought Zone” Is Too Low  

We do not believe the “Drought Zone,” as currently drawn, sufficiently protects users who rely 
on reservoir storage.  By the time system storage has fallen into the Drought Zone, the system is 
already at a severe risk and past the point at which emergency actions should be taken.  What is 
more, initiating drought operations when conservation storage is nearly exhausted would be 
particularly problematic in a prolonged, multi-year drought.  In that case, conservation storage 
could be almost completely expended early in the drought period and prior to the 
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commencement of drought operations.  This would leave insufficient storage to meet needs in 
the basin, including water supply for metropolitan Atlanta, in the remaining drought years. 

We reiterate that it is inappropriate for the drought trigger to be based on Composite Storage.  
But if the Corps is determined to use Composite Storage as the trigger for reducing minimum 
flow requirements, the flow should be reduced immediately whenever the system is in 
Composite Zone 4, and such measures should remain in place until Composite Storage and Lake 
Lanier have both recovered to Zone 1. 

1.4.3 The “Drought Zone” Is Arbitrary 

Furthermore, the delineation of the “Drought Zone” appears to be completely arbitrary.  The 
Corps’ letter to FWS states that the Drought Zone delineates a volume of water “roughly 
equivalent” to the amount of storage in the inactive storages in Walter F. George and West Point 
and Lake Lanier combined with the amount of storage in Lake Lanier Zone 4.  In other words, 
the Drought Zone will generally be entered when the lower reservoirs are empty (of conservation 
storage) and Lake Lanier is in Zone 4.  But the description further states—without explanation or 
justification—that the Drought Zone has been “adjusted” to include a “smaller volume of water 
at the beginning and end of the calendar year.”  What is the basis for these “adjustments” to the 
Drought Zone, and why would it ever be appropriate to terminate emergency operations at a time 
when the lower reservoirs are empty and Lake Lanier is in Zone 4?  

1.5 Forecasts Should be Used To Improve Reservoir Operations 

A large body of literature has been developed on the subject of hydrological forecasting.  The 
United States Geological Service (USGS) has been using and relying on these methods for 
decades.  The Corps should utilize these tools, with appropriate margins of error, to optimize 
reservoir operations. 

The MIOP uses “Composite Storage” as the principal indicator of drought conditions, but this is 
a poor surrogate for a good forecast.  Operations in the Spring of 2007 under the IOP/Concept 5 
provide a case in point.  Concept 5 required the Corps to meet a “desired flow” of 6,500 cfs—as 
opposed to the “required flow” of 5,000 cfs—until composite storage fell to Zone 3.  The Corps 
began releasing water from storage to meet the “desired” target of 6,500 cfs on May 8, 2007, at a 
time when the available forecasts were already predicting an extremely dry summer.  The 
predictable result was a rapid, pointless depletion of system storage—42,000 acre-feet of water 
were released between May 8 and May 31, at which time system storage fell into Composite 
Zone 3 and releases were finally reduced. 

The 42,000 acre-feet of water that were released from May 8 to May 31 to meet the “desired 
flow” of 6,500 cfs equates to over a foot of elevation in Lake Lanier—enough water to meet the 
average annual consumptive needs of the metropolitan area (250 cfs) for 84 days.  The loss of 
this water had a lasting impact on system storage, which still has not recovered.  In exchange for 
this substantial cost, the temporary increase in flows to the Apalachicola River had no lasting 
benefit.  After depleting system storage to the level of Composite Zone 3 within just 3 weeks, 
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flows in the Apalachicola River fell to the “required” level of 5,000 cfs and remained at that 
level throughout the summer and fall—that is, until the alarming loss of system storage caused 
the “required” flow of 5,000 cfs to be reduced even further.  Therefore, any organisms requiring 
flows at or above 5,000 cfs must have perished during the long period after May 31 when flows 
were at or below this level. 

Needless to say, we are pleased to see that the Corps has taken these events to heart and has 
modified the IOP to eliminate the “desired flow” of 6,500 cfs.  The larger point remains, 
however, that release requirements and flow reductions under the MIOP are still tied to 
Composite Storage without reference to hydrological forecasts.  This is a fundamental flaw in the 
framework of the IOP. 

1.6 Lanier Should Not Be Used To Balance the Lower Reservoirs In Cases Where the 
Lower Reservoirs Can Fill On Their Own, Without Support From Lake Lanier 

Also, although it is generally appropriate to use Lanier to balance the lower reservoirs, this does 
not always make sense.  Releasing water from Lanier to help refill West Point and Walter F. 
George as the top of their conservation pools rise between February and June is especially 
wasteful.  In most years the only effect of releasing water from Lake Lanier to balance the lower 
reservoirs is to fill the lower reservoirs a few days earlier.  This is wasteful in situations where 
system storage is low and needs to be preserved, and where it is unlikely that Lake Lanier itself 
will refill.  In these cases intervening flow should be used to refill the lower reservoirs instead of 
releasing water from storage in Lake Lanier.   

1.7 Release Requirements Should Consider Management Objective and Not Blindly 
Adhere to Basin Inflow 

Another fundamental flaw in the MIOP is the fact that release requirements are blindly tied to 
Basin Inflow without operating for specific needs and balancing needs in the basin. 

“Basin Inflow” is a legal construct with little connection to specific needs or operational 
objectives.  Its original justification, as is clear from the record, was that reservoir operations 
could not be considered the legal cause of any environmental impacts caused by flows at least 
equal to Basin Inflow.  Although this is legally correct, it does not follow that passing Basin 
Inflow is the best mode of operation for the reservoirs or that the Corps is legally required to 
operate in this manner.   

The stated objective to maximize spawning habitat for the Gulf sturgeon is a perfect example.  
There is no evidence to show that reservoir operations have any effect on sturgeon spawning 
success, or that the amount of spawning habitat currently available at RM 105.5 is not sufficient 
to meet the needs of the species.  Nonetheless, even if increasing sturgeon spawning habitat were 
an appropriate objective, the data show that the amount of spawning habitat available at RM 105 
plateaus at 10,000 cfs to 11,000 cfs.  Flows in excess of this amount actually reduce the amount 
of available habitat.  Therefore, the MIOP is actually counter-productive to the extent it requires 
releases in excess of 11,000 cfs based on the level of Basin Inflow. 
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This is just one example of many.  The more general point is that the Corps should strive to 
develop an operating plan in which release requirements are based on balanced operational 
objectives as opposed to abstract concepts like Basin Inflow. 

1.8 Corps Models and Data Need to be Corrected 

Finally, we are concerned that the Corps continues to use flawed models to evaluate 
modifications such as the MIOP.  Deficiencies are detailed in the attached memorandum from 
George McMahon, Ph.D.  See Exhibit D. 

2. The Corps Should Not Attempt To Use Reservoir Storage to Drought Proof the 
Apalachicola River 

In addition to commenting on the specific provisions of the MIOP, we have also taken this 
opportunity to address certain fundamental limitations of the ACF Reservoir system that need to 
be considered by all stakeholders in the development of water control plans for the ACF 
Reservoirs.   

The reality is that reservoir operations cannot significantly affect the timing or quantity of flows 
in the Apalachicola River for any extended period of time.  This is a consequence of the 
distribution of storage within the basin, as is described further in Section 2.1 below.  Another 
consequence of the distribution of storage within the basin is that attempts to utilize reservoir 
storage to manipulate the Apalachicola River can quickly drain Lake Lanier, which may take 
years to refill.  This is discussed further in Section 2.2.  In terms of cost-benefit analysis, such 
operations provide negligible benefit to the Apalachicola River while creating significant 
economic hardship and creating great risks to the health, safety and well-being of the millions of 
people who rely on reservoir storage for water supply and other purposes.  These impacts are 
discussed in Section 2.3. 

Further, as is discussed in Section 2.4, the State of Florida’s focus on metro Atlanta is 
completely misplaced.  The truth is that metro-area water use is not a significant contributor to 
environmental issues in the Apalachicola River and Bay.  Instead of pointing fingers, the State of 
Florida should work with the Corps to identify and address the causes of and potential solutions 
to these problems. 

2.1 Reservoir Operations Cannot Significantly Affect Flows in the Apalachicola River 
Over an Extended Period of Time 

One result of the upside-down distribution of reservoir storage within the ACF Basin is that 
reservoir operations cannot significantly affect the pattern of flows in the Apalachicola River.  
This can be seen by modeling a plan in which each reservoir is permitted to maximize storage 
subject only to at-site release requirements.  For illustration purposes only we have modeled 
such a rule, which we call the “At Site Objectives” Plan.  In this plan each reservoir operates to 
meet at-site objectives, including the 750 cfs flow target for Buford Dam and the 5,000 cfs flow 
target for Jim Woodruff.  
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Figure 5 and Figure 6 show the cumulative distribution of flows at the Chattahoochee gage for 
the MIOP and the “At Site Objectives” Plan.  Although the MIOP does provide slightly higher 
flows in the range between 5,000 cfs and 15,000 cfs, see Figure 5, the difference is remarkably 
small and insignificant over the entire range of flows.  See Figure 6. 

The differences between the MIOP and the At Site Objectives Plan are even less significant 
when one considers impacts to the hydrograph.  Figure 7 through Figure 9 show three 
representative two-year periods, two dry and one wet.  These figures demonstrate that reservoir 
operations have little effect on the overall timing and pattern of flows in the Apalachicola River. 
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Figure 5. Flow at the Chattahoochee gage under MIOP as compared to flow under the “At Site 
Objectives” Operating plan. 
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Figure 6. Flow at the Chattahoochee gage under MIOP as compared to flow under the “At Site 
Objectives” Operating plan. 
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Figure 7. Simulated flow under MIOP and At-Site Objectives Operating Plan from January 
2007 to April 2008 
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Figure 8. Simulated flow under MIOP and At-Site Objectives Operating Plan from December 
1999 to December 2000 

0

20000

40000

60000

80000

100000

120000

Ja
n-
03

Fe
b-
03

M
ar
-0
3

Ap
r-0

3

M
ay

-0
3

Ju
n-
03

Ju
l-0

3

Au
g-
03

Se
p-
03

Oct-
03

No
v-
03

De
c-
03

Ja
n-
04

Fe
b-
04

M
ar
-0
4

Ap
r-0

4

M
ay

-0
4

Ju
n-
04

Ju
l-0

4

Au
g-
04

Se
p-
04

Oct-
04

No
v-
04

De
c-
04

Fl
ow

 (c
fs
)

At Site Objectives Plan MIOP  
Figure 9. Simulated flow under MIOP and At-Site Objectives Operating Plan from January 
2003 to December 2004 

 
2.2 Lanier Should Not be Drawn Down Excessively Because Lanier Takes a Very Long 

Time to Refill 

A second consequence of the geography of the ACF Basin—with Lake Lanier at headwaters, 
controlling just 5.6% of the drainage area of the basin—is that it takes a very long time to refill 
Lake Lanier once it is drawn down.   
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Figure 10 shows the average annual inflow (acre-feet per year) into each of the three storage 
reservoirs.  0 provides similar statistics in a different form.  The table shows, for example, that 
the drainage-to-storage ratio for West Point is 100 times greater than that for Lake Lanier.  0 
further shows that it would take 279 days to fill Lake Lanier if the entire flow of the river (based 
on the annual average flow) were captured and stored.  This statistic is provided for purposes of 
comparison only—in reality it would take much longer than 279 days to refill Lanier because it 
will never be possible to capture and store 100% of the inflow to this reservoir. 
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Figure 10. Average daily inflow (acre-feet per year) and conservation storage for ACF 
Reservoirs. 
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Table 2. Drainage-to-storage and inflow-to-storage ratios for the ACF Storage Projects.  The 
Inflow-to-storage ratio is the total conservation storage divided by average daily inflow in 
acre-feet.   

 Lake 
Lanier 

West 
Point 

Walter F. 
George 

George 
Andrews 

Lake 
Seminole

Drainage-to-storage ratio .0001 .0112 .0305 n/a .2578 

# of Days to Fill 
Conservation Storage 
Assuming Zero Releases 
and Inflow Equal to 
Average Annual Inflow 

279 30 11 n/a n/a 

 
The events of 2007 illustrate the effect on Lanier’s very small drainage-to-storage ratio.  Figure 
11 through Figure 13 show the actual, recorded levels for West Point, Walter F. George and 
Lake Lanier from June 2007 to May 2008.  These Figures show that West Point and W.F. 
George responded almost immediately to the rains that began in November 2007.  Even with 
reduced releases from Buford Dam, these reservoirs, which had been at the bottom of Zone 4, 
refilled completely by mid-January.  In fact, both reservoirs are now over full, as defined by the 
“top of conservation” line in the graphs.  In sharp contrast, Lanier is still fifteen feet below rule-
curve—a record low for this time of year—and the level is projected to fall even further for the 
rest of the year. 

 

Figure 11. West Point Lake Levels from June 2007 to May 2008 
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Figure 12. Walter F. George Lake Levels from June 2007 to May 2008 

 
Figure 13. Lake Lanier Lake Levels from June 2007 to May 2008 

2.3 The Costs to North Georgia Far Outweigh the Limited Benefits that Can be Achieved 
by Draining Lake Lanier to Manipulate Flows in the Apalachicola River  

The very long time it takes to refill Lake Lanier, coupled with the limited benefits that can be 
achieved, weigh heavily against any attempt to use storage in Lake Lanier to manage flows in 
the Apalachicola River. 

2.3.1 Low Lake Levels Have a Substantial, Lasting, Adverse Impact on North Georgia 

Low lake levels at Lake Lanier have a profound, negative impact on the economy and general 
well-being of North Georgia.  In the absence of any significant sources of groundwater, the vast 
majority of the metropolitan area relies on Lake Lanier and on another federal reservoir—Lake 
Allatoona, in the Alabama-Coosa-Tallapoosa (ACT) River Basin—to meet water needs.  Lake 
Lanier supplies most of the region.  Therefore approximately 3.5 million people rely exclusively 
on Lake Lanier, and on the Corps, to provide water supply for municipal and industrial purposes.   
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Low lake levels threaten the security of the water supply for 3.5 million people and for the 
businesses and industries within the ACF River Basin.  This risk is very real, and the magnitude 
of the potential catastrophe resulting from an empty reservoir can hardly be over-stated.   

In addition, costs to North Georgia have already been and will continue to be extremely high.  
Water restrictions have already had a catastrophic effect on the urban agricultural industry, a 
large part of Georgia’s economy with more than 7,000 businesses employing a workforce of 
some 80,000 Georgians.  Urban agriculture contributes more than $8 billion in annual sales to 
the state’s economy.  Numerous business have failed and thousands of jobs have been lost within 
this industry alone. According to research by the University of Georgia, losses to Georgia’s 
urban agriculture industry due to the recent drought—and in large part due to water restrictions 
necessitated by the mismanagement of Lake Lanier—are approximately $262 million per month.  
This translates to an annual loss of $3.14 billion if current conditions and restrictions continue. 

The $5.5 billion recreation economy supported by Lake Lanier has suffered as well.  Low water 
levels have led to out-of-service boat ramps, unusable beaches, impassable channels and 
unusable private docks.  These impacts are real and have economic implications for residents, 
business and governments of Gwinnett, Forsyth, Hall and surrounding counties, and for millions 
of visitors who normally come to Lake Lanier as a recreation destination. 

Local governments are suffering as well.  Water utilities have had to adopt extreme response 
measures on an emergency basis to respond to the precipitous decline in levels at Lake Lanier.  
In addition to disrupting the lives and businesses of their customers, these emergency measures 
have cost the metropolitan area Water Supply Providers over $60 million to date.  This lost 
revenue has created substantial difficulties for local governments and authorities whose rate 
structures and bond financing depend upon predictable revenues.  

In sum, the costs to North Georgia, both immediate and potential, far outweigh the trivial 
benefits that can be achieved by attempting to use Lake Lanier to manipulate flows in the 
Apalachicola River 350 miles downstream.   

2.3.2 The Corps Should Not Rely on Dead Storage to Supply Basic Needs 

Florida suggests Lake Lanier should be drawn down below the level of “inactive storage.”   This 
is unconscionable.  The Corps should not gamble with the health and safety and well-being of 
3.5 million people.  Lanier should never be drawn down into the dead pool, or even near it. 

2.3.3 Contrary to Florida’s Allegations, Water Use in the Metro Area is Not the Cause of 
Any Problems that Might Be Occurring in the Apalachicola River 

The State of Florida has complained that the Corps has not done enough to limit depletions in the 
upper part of the basin.  Once again, however, Florida’s accusations have little basis in reality, 
which is that depletions in the upper basin are too small to have any significant impact on the 
flow of the Apalachicola River. 
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Notwithstanding our near-total reliance on Lake Lanier for water supply, the entire metropolitan 
area consumptive use is just 250 cfs per day on average, which is just 1.2% of the average annual 
flow of the Apalachicola River at the Chattahoochee gage (at the Florida-Georgia line).  Metro-
area consumption rises in relation to river flow in drought years—but even then the net loss to 
the basin is just 2% of the annual flow.  In other words, if all consumption stopped, and if the 
river were allowed to pass through North Georgia without any withdrawals or diversions of any 
kind, the flow of the river at the Florida line would increase at most 2%.    

This is a function of the geography discussed above.  Because Lake Lanier controls only 9% of 
the total flow of the basin above the Florida line, 91% is geographically inaccessible to the metro 
area.  In reality, of course, we use only a fraction of the flow that is actually accessible to us, and 
we return the majority of the water withdrawn.  That is why our total impact is on the order of 
just 1 to 2%. 

To put this in perspective, metropolitan Atlanta’s average consumptive use of 250 cfs 
corresponds to approximately 1.8 inches in river stage at the Chattahoochee gage in the 
Apalachicola River at the river’s lowest flow.  This in a river that fluctuates wildly, often as 
much as 2 feet per day as a result of hydropower operations. See Figure 14. 
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Figure 14. Apalachicola River stage at Chattahoochee gage from April 28, 2008 to May 29, 
2008. 

Furthermore, although it is true that our withdrawals vary seasonally, the average annual use is 
the appropriate point of comparison from which to assess impacts to the Apalachicola River, 
given the availability of reservoir storage in Lake Lanier.  The use of storage helps to “smooth 
out” seasonal variations in withdrawals.  Water that is withdrawn from storage affects stream 
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flow when it is taken from the stream and placed into storage—usually in the winter or spring—
and not when it is it is withdrawn from the reservoir. 

Moreover, Metro Atlanta is not even biggest user in the ACF Basin.  Consider the following: 

• Depletions to the Flint River due to agricultural irrigation in South Georgia average 
approximately 268 mgd (415 cfs), which is about 66% more than metro Atlanta’s net 
water consumption.  Total agricultural withdrawals for irrigation are even higher.  
The number cited above is the total depletion of surface waters in the Flint River due 
to the combination of surface and groundwater withdrawals.     

• Evaporation from the mainstem reservoirs alone causes depletions of approximately 
135 mgd (209 cfs).  

2.4 The State of Florida and the Corps Must Acknowledge and Address the Real Causes 
of Environmental Issues in the Apalachicola River and Bay 

Instead of pointing fingers at the metro area, the State of Florida and other stakeholders should 
acknowledge that many of the issues in the Apalachicola River are being caused by factors 
unrelated to reservoir operations or water withdrawals. 

To the extent Florida is concerned about salinity in Apalachicola Bay, for example, Florida and 
the Corps should be studying ways to solve the problems created by Sikes Cut, which is a major 
contributor to salinity in the bay.  Florida should also study the issues created by inter-basin 
transfers out of the lower Chipola River, such as the Gulf County Canal that is used to transport 
water to Port St. Joe. 

Similarly, to the extent Florida and the Corps are concerned about the areal extent of flooding or 
the amount of certain types of habitat that are inundated, Florida and the Corps must 
acknowledge that real causes of these problems have more to do with channel degradation than 
with the quantity of flow in the river.  USGS has documented the effect of channel degradation 
in the Apalachicola River, which has substantially lowered the bed of the river in key places, 
such as the sturgeon spawning area at River Mile 105.5.  See Figure 15.  This is highly 
significant because many of the environmental issues in the Apalachicola River, and especially 
those related the Gulf sturgeon and mussels, have more to do with the areal extent of flooding or 
inundation as opposed to the quantity of flow per se.  As a result of the lowering of the channel, 
it now takes much more water to achieve any given river stage.  At the principal spawning 
ground for the sturgeon, RM 105.5, USGS has determined that an additional 10,000 cfs is 
required to raise the river its former stage.  This is 40 times the average annual consumptive use 
of the entire metropolitan area (250 cfs).  See Helen R. Light, Water Level Decline in the 
Apalachicola River, Florida, from 1954 to 2004, and Effects on Floodplain Habitats (USGS 
Scientific Investigations Report 2006-5173) at 25, Figure 13. 
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Figure 15. Channel degradation in the Apalachicola River, from Helen R. Light, Water Level 
Decline in the Apalachicola River, Florida, from 1954 to 2004, and Effects on Floodplain 
Habitats (USGS Scientific Investigations Report 2006-5173) at 9 (Figure 4). 

Likewise, the Apalachicola River appears to be migrating to the Chipola Cut-off, a man-made 
diversion that is claiming up to 40% of the flow of the mainstem of the river, according to the 
most recent statistics.  This diversion is partially responsible, along with other factors such as the 
build-up of sediment at the head of the slough—for the dewatering of Swift Slough in 2006 and 
2007.  Water-use in the metro area pales in comparison to the amount diverted by this artificial 
cut-off.  See Figure 16. 
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Figure 16. Percentage of the Main Channel of the Apalachicola River Entering Chipola Cutoff 
from 1976 to 2004.  From Administrative Record in State of Georgia v. U.S. Army Corps of 
Engineers (M.D. Fla. 07-cv-1) GAII001733. 

All parties should also acknowledge the role played by agricultural users in South Georgia.  
According to statistics prepared by the State of Georgia, the average annual streamflow depletion 
caused by agricultural irrigation is 415 cfs, compared to 250 cfs for the entire metropolitan area.  
See Exhibit E.  Unlike the metro-area withdrawals, which are taken from storage, agricultural 
withdrawals from the Flint River Basin have an immediate effect on stream flows.  Operating 
plans that require the Corps to meet a fixed, minimum flow at the Chattahoochee gage 
effectively require the Corps to use reservoir storage to compensate for such depletions.  Without 
questioning whether the Corps is legally authorized to utilize reservoir storage to facilitate 
irrigation, it seems clear that the Corps cannot be required to do so under the Endangered 
Species Act.  

These are all real problems that cannot be corrected by curtailing water withdrawals or by simply 
manipulating reservoir operations.  These issues need to be acknowledged and addressed by the 
stakeholders and by the Corps.   

3. Conclusion 

In conclusion, we urge you to consider further modifications to the MIOP to eliminate its more 
apparent flaws.  More generally, however, the IOP/MIOP is a misguided and futile effort to use 
reservoir storage to solve environmental issues in the Apalachicola River.  The potential benefits 
of this effort to the Apalachicola River are negligible and are far outweighed by costs to users 
who rely on storage.  Therefore the IOP/MIOP should be set aside at the first opportunity.  It 
should not be the starting point for new ACF Water Control Plan. 





 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

EXHIBIT A 



 
HydroLogics, Inc 

10440 Shaker Drive 
Suite 104 
Columbia 

MD 21044 
Tel 410.715.0555 
Fax 410.715.0557 

 
 
MEMO 
 
To:       Copies: 
Pat Stevens, ARC     Daniel Sheer, HydroLogics, Inc 
Lewis Jones, King & Spaulding LLP   A. Michael Sheer, HydroLogics, Inc 
 
 
From: 
Megan Rivera, HydroLogics, Inc 
 
 
Date: 
May 29, 2008 
 
 
Subject: 
HEC 5 Emulation with OASIS 
 
------------------------------------------------------------------------------------------------------------ 
 
To verify the initial version of the OASIS Apalachicola-Chattahoochee-Flint model, a 
HEC-5 model of operations in the 1980s and 1990s was emulated.  The HEC-5 run was 
built by Dr. George McMahon, and the cards for the run are provided at the end of this 
appendix.  A comparison of the OASIS and HEC-5 output is provided below. 
 
Figures 1 to 4 show the stages in the reservoirs generated by both models.  Overall, there 
is very close agreement.  The discrepancies are discussed below.   
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Figure 1.  Stages in Lanier. 
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Figure 2. Stages in West Point. 
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Figure 3. Stages in Eufala 
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Figure 4. Stages is Woodruff 
 
Disagreements 

1. OASIS’s calculation of generated power tends to be slightly higher than that of 
HEC-5 by about 1% .  The difference results from the linearization of head loss 
from tail water rise: OASIS uses a mean efficiency value, which does not capture 
the functional relationship exactly.  As a result, the flows out of Buford to meet 
the power requirement are slightly lower in OASIS, as it takes slightly less water 
to meet the power requirements.  This can be seen in Figure 5. 
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Figure 5. Releases from Buford. 
 

2. OASIS will keep Morgan Falls above its lower rule as long as Lanier is above the 
bottom of conservation pool.  This results in higher flows out of Buford on the 
weekends, which puts Lanier storage slightly lower in OASIS compared to HEC-
5 at times.  The effect accumulates slowly until refill, as seen in Figure 6, for 
example.  On the other hand, when Lanier is below its conservation pool, OASIS 
brings Morgan Falls down to dead storage, resulting in lower storage in Lanier for 
OASIS, as seen in Figure 7. 
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Figure 6. Stages in Lanier during a time in which OASIS results are slightly lower 
than those in HEC-5 
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Figure 7. Stages in Lanier during a time in which OASIS results are slightly higher 
than those in HEC-5 
 
3. OASIS does not always draw down Woodruff when HEC 5 does (see Figure 4).  

This is a small amount of water, so matching operations at Woodruff exactly was 
not refined. 

 
Short term disagreements 

1. During large rain events, OASIS will hold water in upstream reservoirs to respect 
downstream canal capacities (specifically, maximum flow constraints downstream 
of WF George).  HEC-5 will hold water in WF George only, while OASIS holds 
water in West Point and Lanier as well.  This difference manifests as temporary 
storage increases in WF George only in HEC-5, and WF George and West Point 
in OASIS (e.g., Dec 1948, Figures 8 and 9).  This also causes discrepancies in 
flows (OASIS does not make Buford power requirement on 3/2-8/2001 to avoid 
additional flooding downstream, for example). 
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Figure 8. Stages in West Point during a flooding event 
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Figure 9. Stages in WF George during a flooding event 
 

 
2. When the models are attempting to meet seasonal min flows at Woodruff, HEC-5 

oscillates between the min flow value on the cards (13,000 cfs) and 21,000 cfs, as 
shown in Figure 10.  There is no 21,000 cfs in the cards, and required power does 
not spike in that way, so this behavior was not emulated. 
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Figure 10.  Woodruff releases in 1939. 
 
The HEC-5 cards for the emulated run (FEA2000B) are given below. 
 
C   ************************************************************************* 
C                    ACF EXISTING CONDITIONS 
C   ************************************************************************* 
C 
C  MODEL BASED ON FBE08017.DAT HEC-5 DATA SET, 01 AUG 1997 
C  USING HEC-5 EXECUTABLE DATED 16JUN97 
C 
C  GFM: FEA2000 - 2000 DIVERSIONS ABOVE WHITESBURG 
C       BASED ON GA EPD 2000 DATA WITH 58% RETURNS (FEADEM.XLS) 
 
T1  ACT - ACF COMPREHESIVE STUDY SURFACE WATER ELEMENT 
T2  MODEL TO SIMULATE THE ACTUAL ACF RESERVOIR OPERATION PRACTICED DURING 
T3  THE 1980'S AND 1990'S. 
J1     0       1       5       3       4       2       0       0       1 
J2    48       1              22       0       0       0 
J3     4               0       0       0      -1      23       0       0 
C 
C FOLLOWING IS A LIST OF LOCATIONS WITHIN THE MODEL AND 
C THE NUMBER IDENTIFICATIONS ASSOCIATED WITH EACH LOCATION 
C  225 BUFORD         222  NORCROSS     221 MORGAN FALLS  220 ATLANTA 
C  217 WHITESBURG 
C  215 WEST POINT     214 WEST PT GAGE  213 LANDALE DAM   212 RIVER VIEW DAM 
C  211 BARTLETS FERRY 210 GOAT ROCK     209 OLIVER DAM    208 NORTH HIGHLANDS 
C  207 CITY MILLS     206 EAGLE & PHENIX205 COLUMBUS GAGE 200 WALTER F GEORGE 
C  196 JIM WOODRUFF   194 CHATTAHOOCHEE 192 BLOUNTSTOWN   185 SUMATRA 
C  360 GRIFFIN        350 MONTEZUMA     340 ALBANY DAM    330 NEWTON 
C  AS A RESULT OF ADDING ROUTINGS TO MOST REACHES AND USING INCREMENTAL 
C  FLOWS THE ENVIRONMENTAL SITES HAVE BEEN REMOVED FROM THE MODEL 
C 
 
C   ** OUTPUT DESCRIPTORS TO DSS ** 
 
C  .01 FLOW-LOC CUM   .02 FLOW-NAT     .04 FLOW REG     .09 FLOW-RES IN 
C  .03 FLOW DIVERSION .04 FLOW REG     .05 FLOW DESIRED .06 FLOW-DES SHORTAGE 
C  .07 FLOW REQUIRED  .08 FLOW-REQ SHORTAGE             .09 FLOW-RES IN 



C  .10 FLOW-RES OUT   .11 STOR-RES EOP .12 CASE-RES     .13 LEVEL-RES 
C  .15 ENERGY-REQ     .16 ENERGY-GEN   .21 EVAP-NET     .24 FLOW-LOC INC 
C  .17 FLOW-CHAN CAP  .21 EVAP-NET     .22 ELEV         .23 ENERGY-SHORTAGE 
C  .25 POWER 
C  .26 ENERGY-SYS REQ .30 FLOW-DIV REQ  .31 FLOW-DIV SHOR  .35 PLANT FACTOR 
C  .37 PCT STR NORM 
 
C HYDROPOWER RESERVOIR OUTPUT 
C 225=BUFORD 
JZ225.09  225.10  225.12  225.37  225.22  225.13  225.15  225.16  225.23  
225.25 
JZ225.33  225.35  225.38  225.03  225.30  225.31 
C 221=MORGAN FALLS 
JZ221.09  221.10  221.12  221.37  221.22  221.13  221.15  221.16  221.23  
221.25 
JZ221.33  221.35  221.38  221.03  221.30  221.31 
C 215=WEST POINT 
JZ215.09  215.10  215.12  215.37  215.22  215.13  215.15  215.16  215.23  
215.25 
JZ215.33  215.35  215.38  215.03  215.30  215.31 
C 211=BARTLETS FERRY 
JZ211.09  211.10  211.12  211.37  211.22  211.13  211.15  211.16  211.23  
211.25 
JZ211.33  211.35  211.38  211.03  211.30  211.31 
C 200=WALTER F. GEORGE 
JZ200.09  200.10  200.12  200.37  200.22  200.13  200.15  200.16  200.23  
200.25 
JZ200.33  200.35  200.38  200.03  200.30  200.31 
C 196=JIM WOODRUFF 
JZ196.09  196.10  196.12  196.37  196.22  196.13  196.15  196.16  196.23  
196.25 
JZ196.33  196.35  196.38  196.03  196.30  196.31  196.17 
 
C RUN-OF-RIVER RESERVOIR OUTPUT 
C 210=GOAT ROCK DAM  209=OLIVER DAM  208=NORTH HIGHLANDS DAM 
JZ210.09  210.10  210.12  210.22  209.09  209.10  209.12  209.22 
JZ208.09  208.10  208.12  208.22 
 
C  NODES AND DUMMY RESERVOIRS WITH MINIMUM FLOW REQUIREMENT 
C 220=ATLANTA 214=WEST POINT GAGE 205=COLUMBUS 192=BLOUNTSTOWN 
C 215=WEST POINT DAM 200=W.F.GEORGE 296=ONEFOOT BELOW WOODRUFF 
JZ220.03  220.04  220.05  220.06  220.07  220.17  220.24  220.30  220.31 
JZ214.03  214.04  214.05  214.06  214.07  214.17  214.24  214.30  214.31 
JZ205.03  205.04  205.05  205.06  205.07  205.17  205.24  205.30  205.31 
JZ200.05  200.06  215.05  215.06 
JZ296.04  296.05  296.06 
JZ192.03  192.04  192.05  192.06  192.07  192.17  192.24  192.30  192.31 
 
C NODES AND DUMMY RESERVOIRS WITHOUT MINIMUM FLOW REQUIREMENT 
C 222=NORCROSS 217=WHITESBURG 199=GEORGE ANDREWS 
C 360=GRIFFIN 350=MONTEZUMA 340=ALBANY 330=NEWTON 320=BAINBRIDGE 
C 194=CHATTAHOOCHEE 185=SUMATRA 
JZ222.03  222.04  222.24  222.30  222.31 
JZ217.03  217.04  217.24  217.30  217.31 
C JZ214.03  214.04  214.24  214.30  214.31 
JZ199.03  199.04  199.24  199.30  199.31 
JZ360.03  360.04  360.24  360.30  360.31 
JZ350.03  350.04  350.24  350.30  350.31 
JZ340.03  340.04  340.24  340.30  340.31 
JZ330.03  330.04  330.24  330.30  330.31 
JZ320.03  320.04  320.24  320.30  320.31 
JZ194.03  194.04  194.24  194.30  194.31 
JZ185.03  185.04  185.24  185.30  185.31 



 
C NOLIST 
C 
C **************** BUFORD DAM (LAKE LANIER) ************ RIVER MILE 456.09 
C CODED JUNE 8, 1993 
C RESERVOIR LEVEL  1 : DEAD STORAGE 
C RESERVOIR LEVEL  2 : TOP OF BUFFER POOL (ZONE 4) 
C RESERVOIR LEVEL  3 : TOP OF CONSEVATION POOL (TOP OF ZONE 1) 
C RESERVOIR LEVEL  4 : TOP OF FLOOD CONTROL POOL 
C RESERVOIR LEVEL  5 : TOP OF DAM 
RL   225 1957000 
RL     1     225      -1          867600 
C     ELEVATION                   1035 
 
RL     2     225       9         1369772 1400771 1400771 1400771 1400771 
1400771 
C     DATE                        01JAN   01FEB   01MAR   31MAR   01MAY   30JUN 
C     ELEVATION                   1054     1055    1055   1055     1055    1055 
C   STORAGES AND ELEVATIONS HAVE BEEN ADJUSTED TO REPRESENT 1980S EVENTS 
 
RL                               1400771 1400771 1369772 
C     DATE                        30SEP   01DEC   31DEC 
C     ELEVATION                   1055     1055    1054 
 
RL     3     225       9         1957000 1957000 1957000 1957000 1995200 
1995200 
C     DATE                        01JAN   01FEB   01MAR   31MAR   01MAY   30JUN 
C     ELEVATION                  1071.05 1071.05 1071.05 1071.05 1072.03 
1072.03 
 
RL                               1995200 1957000 1957000 
C     DATE                        30SEP   01DEC   31DEC 
C     ELEVATION                  1072.03 1071.05 1071.05 
C   LEVEL 3 HAS 40000 AC FT ADDED SO THE ELEVATIONS ARE ABOUT 1-FOOT TOO LOW 
 
RL     4     225      -1         2554000 
C     ELEVATION                   1085 
 
RL     5     225      -1         3070000 
C     ELEVATION                   1095 
RO     1     221 
RS   -50       0     760     867     913     960    1009    1059    1085    
1112 
RS  1139    1166    1194    1222    1251    1280    1309    1339    1370    
1401 
RS  1432    1464    1496    1529    1561    1595    1629    1663    1698    
1733 
RS  1769    1805    1842    1879    1917    1955    1994    2034    2074    
2114 
RS  2155    2197    2239    2282    2326    2370    2415    2461    2554    
2800 
RS  3070 
RQ    50       0    1000    9000    9000    9000    9000    9000    9000    
9000 
RQ  9000    9000    9000    9000    9000    9000    9000    9000    9000    
9000 
RQ  9000    9000    9000    9000    9000    9000    9000    9000    9000    
9000 
RQ  9000    9000    9000    9000    9500    9500    9500    9500    9500    
9500 
RQ  9500    9500    9500    9500    9500    9500    9500    9500   10000   
19000 
RQ 45000 



RA    50       0   20508   22442   23217   24008   24833   25701   26159   
26619 
RA 27079   27535   27983   28432   28861   29291   29721   30153   30587   
31023 
RA 31461   31901   32343   32789   33238   33690   34147   34610   35079   
35555 
RA 36036   36522   37015   37515   38024   38542   39078   39638   40226   
40833 
RA 41458   42086   42716   43348   43982   44618   45256   45896   47182   
50250 
RA 53300 
RE    50     920    1030    1035    1037    1039    1041    1043    1044    
1045 
RE  1046    1047    1048    1049    1050    1051    1052    1053    1054    
1055 
RE  1056    1057    1058    1059    1060    1061    1062    1063    1064    
1065 
RE  1066    1067    1068    1069    1070    1071    1072    1073    1074    
1075 
RE  1076    1077    1078    1079    1080    1081    1082    1083    1085    
1090 
RE  1095 
P1   225  100000       1       3       0       0      -1       1 
C  ACTUAL CAPACITY IS CONSIDERED TO BE 105000 KW BUT 5000KW WILL BE ASSIGNED 
C  TO THE 450 CFS LEAKAGE. THIS LEAKAGE IS REALLY THE SERVICE UNIT DISCHARGE 
C  120 MWH (5000 x 24) WILL BE ADDEED TO EACH DAY'S ENERGY PRODUCTION OUTSIDE 
THE MODEL. 
P2   450    8800       0 
 
PC     8       0     .05     .21     .44     .70     .84     .88     1.0 
PF     8   .0625   .0625   .0625   .0625   .0833    .125    .167    .208 
PR     1       1       1       1       1     1.0     1.0     1.2     1.4     
1.6 
PR   1.6       1 
C PD   0      .2      .2      .2      .2      .2       0 
PD     0       1       1       1       1       1       0 
PQ   300    1050    2200    3500    4800    6000    7600    9200   10800   
12400 
PT   913     914     915     916     917     918     919     920     921     
922 
PL     1       1       1       1       1       1       1       1       1       
1 
C THE PP VALUES ARE REDUCED BY 5000 TO ACCOUNT FOR LEAKAGE LOSSES  IE THE 
C SERVICE UNIT IS NOT OPERATING 
PP 74000   76000   78000   88000  100000  100000  100000 
PS    80     103     110     120     130     140     180 
PE   .79     .79     .79     .80     .80     .80     .80     .80     .80     
.80 
PE   .80     .80     .80     .80     .80     .80     .81     .81     .81     
.81 
PE   .82     .82     .82     .82     .83     .83     .83     .83     .83     
.84 
PE   .84     .84    .845    .845    .845    .845    .845    .845    .845    
.845 
PE  .845    .845    .845    .845    .845    .845    .845    .845    .845    
.845 
CP   225   10000 
IDBUFORD DAM    2334430 
RT   225     222 
C GFM: 
DR   225                                               1          1.5473 
QD    12  107.72  108.00  109.12  112.85  121.94  142.46  150.87  141.60  
134.80 



QD129.08  113.17  112.26 
CS     9       1      32      60      90     121     181     273     335     
365 
C          01JAN   01FEB   01MAR   31MAR   01MAY   30JUN   30SEP   01DEC   
31DEC 
C **************** CHATTAHOOCHEE RIVER NEAR NORCROSS, GA * RIVER MILE 438.54 
CP   222   11000 
ID NORCROSS     2335000 
RT   222     221 
C GFM: 
DR   222                                               1 
C QD    12   10.42    9.77   10.37   11.81   13.22   14.83   13.61   14.12   
13.30 
C QD 13.02   10.42    9.61 
QD    12       0       0       0       0       0       0       0       0       
0 
QD     0       0       0 
C **************** MORGAN FALLS ************************ RIVER MILE 420.39 
C CODED JUNE 9, 1993 
C RESERVOIR LEVEL  1 : DEAD STORAGE 
C RESERVOIR LEVEL  2 : TOP OF BUFFER POOL 
C RESERVOIR LEVEL  3 : TOP OF CONSEVATION POOL 
C RESERVOIR LEVEL  4 : TOP OF FLOOD CONTROL POOL 
C RESERVOIR LEVEL  5 : TOP OF DAM 
RL   221    2250     290    2000    2250   11111   13430 
RO     1     220 
RS     5     290     755    2250    2265   13430 
RQ     5      -1      -1      -1      -1      -1 
RA     5      80     250     540     550     640 
RE     5     858     861     866   866.1     868 
P1   221   16000     1.0       1     811       0    0.68 
P2          5440 
PR     0       0       0       0       0       0       0       0       0       
0 
PR     0       0 
PQ   500    1000    2000    3000    4000    5000    6000    7000 
PT 810.3     811     812   812.8   813.6   814.3   814.9   815.5 
PP     0   12500   13800   16000   16000 
PS     0     290     755    2250    3430 
CP   221  100000 
ID MORGAN FALLS2335500 
RT   221     220 
C GFM: 
DR   221                                               1 
C QD    12   78.55   62.78   79.08   96.21  112.24  144.40  145.87  141.10  
133.35 
C QD125.83  119.97  111.21 
QD    12       0       0       0       0       0       0       0       0       
0 
QD     0       0       0 
C **************** CHATTAHOOCHEE RV AT ATLANTA ********* RIVER MILE 410.74 
CP   220   17000     750     750 
ID ATLANTA      2336000 
RT   220     217 
C GFM: 
DR   220                                               1          1.5473 
QD    12  231.96  226.07  225.34  237.51  256.68  277.96  288.11  277.96  
268.36 
QD255.76  237.27  229.01 
C **************** CHATTAHOOCHEE RV AT WHITESBURG ****** RIVER MILE 367.62 
CP   217  999999 
IDWHITESBURG 
RT   217     215 



C GFM: 
DR   217                                               1          1.5473 
QD    12 -165.12 -160.42 -159.05 -167.77 -180.37 -194.23 -204.41 -199.22 -
192.33 
QD-181.7 -168.22 -162.91 
C **************** WEST POINT DAM ********************** RIVER MILE 309.17 
C CODED JUNE 10, 1993 
C RESERVOIR LEVEL  1 : DEAD STORAGE 
C RESERVOIR LEVEL  2 : TOP OF BUFFER POOL 
C RESERVOIR LEVEL  3 : TOP OF CONSEVATION POOL 
C RESERVOIR LEVEL  4 : TOP OF FLOOD CONTROL POOL 
C RESERVOIR LEVEL  5 : TOP OF DAM 
RL   215  462295 
RL     1     215      -1          298396 
RL     2     215      -1          347605 
C                                  623 
C STORAGE FOR LEVEL 3 WERE INCREASED BY 20000 TO SIMULATE OBSERVED OPERATIONS 
RL     3     215      31          462295  462295  462295  550475  574387  
624527 
C  ELEVATION                      628.95  628.95  628.95  632.82  633.81   
635.7 
C  DATE                           01JAN   15FEB    28FEB  15APR   01MAY   01JUN 
 
RL                                624527  624527  624527  624527  624527  
624527 
C 
C  DATE                           17JUN    18JUN   30JUN   01JUL   17JUL  18JUL 
 
RL                                624527  624527  624527  624527  624527  
624527 
C 
C  DATE                           30JUL     31JUL  18AUG    19AUG   30AUG  
31AUG 
 
RL                                624527  624527  624527  624527  624527  
624527 
C 
C  DATE                           17SEP     18SEP  30SEP    01OCT  18OCT  19OCT 
 
RL                                624527  624527  610000  609100  508969  
485630 
C  ELEVATION                                      635.21  635.17  631.07  
630.03 
C  DATE                           31OCT     01NOV   16NOV    17NOV  01DEC  
02DEC 
 
RL                                462295 
C  ELEVATION                      628.95 
C  DATE                           31DEC 
 
RL     4     215      -1          744254 
C RL   5     215      -1          744264 
RL     5     215      -1          906182 
RO     1     214 
RS    26  298389  314196  330596  347605  365239  383507  402429  422016  
442016 
RS463251  484927  507330  530475  554376  579050  604516  630783  657874  
685801 
RS714585  744239  774782  806229  838601  871912  906182 
RQ    26  122000  132000  142000  152000  162000  172000  187500  203000  
210000 
RQ218000  225000  234000  243000  253000  263000  273340  279000  285250  
290000 



RQ295000  301000  307000  310000  313000  316000  320000 
RA    26   15512   16100   16702   17318   17949   18593   19252   19926   
20615 
RA 21318   22037   22771   23520   24286   25067   25864   26677   27507   
28353 
RA 29216   30096   30993   31907   32838   33788   34755 
RE    26     620     621     622     623     624     625     626     627     
628 
RE   629     630     631     632     633     634     635     636     637     
638 
RE   639     640     641     642     643     644     645 
P1   215   81700     1.0       0   565.5       0   0.787       1 
C  ACTUAL CAPACITY IS CONSIDERED TO BE 85000 KW BUT 3300KW WILL BE ASSIGNED 
C  TO THE 650 CFS LEAKAGE. THIS LEAKAGE IS REALLY THE SERVICE UNIT DISCHARGE 
C  79.2 MWH (3,300 X 24) WILL BE ADDEED TO EACH DAY'S ENERGY PRODUCTION OUTSIDE 
THE MODEL. 
P2   650   18100       0 
 
PC     6       0    .005     .35    .732    .829     1.0 
PF     6    .083    .083    .083    .083    .083    .125 
PR     1       1       1       1       1       1       1       1       1       
1 
PR     1       1 
 
C PD   0      .2      .2      .2      .2      .2       0 
PD     0       1       1       1       1       1       0 
PQ     0     800    2300    4000   12000   21700   35500   54200   80000  
123500 
PT   557     558     559     560     564     568     572     576     580     
585 
CP   215   30000 
IDWEST POINT    2338500 
RT   215     214 
DR   215                                               1 
QD    12   33.22   33.57   25.83   26.82   26.61   40.89   40.63   40.51   
40.01 
QD 37.37   28.77   20.58 
 
CS    31       1      46      59     105     121     152     167     168     
181 
C           01JAN    15FEB   28FEB  15APR   01MAY    01JUN  16JUN   17JUN  
30JUN 
CS   182     198     199     212     213     229     230     243     244     
259 
C    01JUL  17JUL  18JUL   31JUL   01AUG    17AUG   18AUG   31AUG   01SEP  
16SEP 
CS   260     273     274     290     291     304     305     320     321     
334 
C   17SEP  30SEP  01OCT     17OCT   18OCT   31OCT   01NOV   16NOV   17NOV  
30NOV 
CS   335     365 
C   01DEC   31DEC 
 
CG -4.06     620     620     620     620     620     620     620     620     
620 
C           01JAN    15FEB   28FEB  15APR   01MAY    01JUN  16JUN   17JUN  
30JUN 
CG   620     620     620     620     620     620     620     620     620     
620 
C    01JUL  17JUL  18JUL   31JUL   01AUG    17AUG   18AUG   31AUG   01SEP  
16SEP 
CG   620     620     620     620     620     620     620     620     620     
620 



C   17SEP  30SEP  01OCT     17OCT   18OCT   31OCT   01NOV   16NOV   17NOV  
30NOV 
CG   620     620 
C   01DEC   31DEC 
 
 
CG -1.06     623     623     623     623     623     623     623     623     
623 
C           01JAN    15FEB   28FEB  15APR   01MAY    01JUN  16JUN   17JUN  
30JUN 
CG   623     623     623     623     623     623     623     623     623     
623 
C    01JUL  17JUL  18JUL   31JUL   01AUG    17AUG   18AUG   31AUG   01SEP  
16SEP 
CG   623     623     623     623     623     623     623     623     623     
623 
C   17SEP  30SEP  01OCT     17OCT   18OCT   31OCT   01NOV   16NOV   17NOV  
30NOV 
CG   623     623 
C   01DEC   31DEC 
CG -1.53  635.99  635.99  635.99  635.99  635.99  635.99  635.99     626     
626 
C           01JAN    15FEB   28FEB  15APR   01MAY    01JUN  16JUN   17JUN  
30JUN 
CG635.99  635.99     626     626  635.99  635.99     626     626  635.99  
635.99 
C    01JUL  17JUL  18JUL   31JUL   01AUG    17AUG   18AUG   31AUG   01SEP  
16SEP 
CG   626     626  635.99  635.99     626     626  635.99  635.99     626     
626 
C   17SEP  30SEP  01OCT     17OCT   18OCT   31OCT   01NOV   16NOV   17NOV  
30N0V 
CG635.99  635.99 
C   01DEC   31DEC 
CG -1.06     636     636     636     636     636     636     636     636     
636 
CG   636     636     636     636     636     636     636     636     636     
636 
CG   636     636     636     636     636     636     636     636     636     
636 
CG   636     636 
QM  -215     650     650    5350     650 
 
 
CP   214  100000     650     650 
IDWEST PT GAGE  2339500 
RT   214     211 
 
C **************** BARTLETS FERRY DAM ****************** RIVER MILE 285.72 
C RESERVOIR LEVEL  1 : DEAD STORAGE 
C RESERVOIR LEVEL  2 : TOP OF BUFFER POOL 
C RESERVOIR LEVEL  3 : TOP OF CONSEVATION POOL 
C RESERVOIR LEVEL  4 : TOP OF FLOOD CONTROL POOL 
C RESERVOIR LEVEL  5 : TOP OF DAM 
C RL 211  182500  120500  161500  182500  182500  182500 
RL   211  182500  120500  161500  182500  193500  324000 
C    2,500 AC FT ADDED TO LEVEL 4 FOR IMPROVED OPERATIONS 
C    FOR 205 DURING SPILLS PER HEC INSTRUCTIONS 
RO     1     205 
RS     6   86000  120500  176000  193500  242500  324000 
C RQ   6   21300   21300   21300   35000  300000  350000 
RQ     6      -1      -1      -1      -1      -1      -1 
RA     6    3450    4500    5700    5900    7400    9600 



RE     6     500     510     520     521     530     540 
P1   211  173000    1.11             406            .875 
P2         22500 
PR     0       0       0       0       0       0       0       0       0 
PR     0       0 
CP   211  100000       0       0 
ID BARTLETTS FY 
RT   211     210 
C **************** GOAT ROCK DAM *********************** RIVER MILE 280.02 
C RESERVOIR LEVEL  1 : DEAD STORAGE 
C RESERVOIR LEVEL  2 : TOP OF BUFFER POOL 
C RESERVOIR LEVEL  3 : TOP OF CONSEVATION POOL 
C RESERVOIR LEVEL  4 : TOP OF FLOOD CONTROL POOL 
C RESERVOIR LEVEL  5 : TOP OF DAM 
C RL-210    8750    8750    8750    8750    8750    8750 
RL  -210    8750    8750    8750    8750    8750   21500 
RO 
RS     6    3800    5250    8750   10700   12900   21500 
RQ     6      -1      -1      -1      -1      -1      -1 
RA     6     825     870     970    1020    1070    1265 
RE     6     398     400     404     406     408     415 
P1   210   26300     1.0       0     338            0.76 
P2          6264 
PR     0       0       0       0       0       0       0       0       0       
0 
PR     0       0 
CP   210  100000       0       0 
ID GOAT ROCK 
RT   210     209 
C **************** OLIVER DAM ************************** RIVER MILE 271.40 
C RESERVOIR LEVEL  1 : DEAD STORAGE 
C RESERVOIR LEVEL  2 : TOP OF BUFFER POOL 
C RESERVOIR LEVEL  3 : TOP OF CONSEVATION POOL 
C RESERVOIR LEVEL  4 : TOP OF FLOOD CONTROL POOL 
C RESERVOIR LEVEL  5 : TOP OF DAM 
C RL-209   32000   32000   32000   32000   32000   32000 
RL  -209   32000   32000   32000   32000   32000   34000 
RO 
RS     4   19000   25500   32000   34000 
RQ     4      -1      -1      -1      -1 
RA     4    1500    2000    2350    2400 
RE     4     330     334     337     338 
P1   209   60000     1.0             271            0.83 
P2         12925 
PR     0       0       0       0       0       0       0       0       0       
0 
PR     0       0 
CP   209  100000       0       0 
ID OLIVER DAM 
RT   209     208 
C **************** NORTH HIGHLANDS DAM ***************** RIVER MILE 270.33 
C CODED JUNE 16,1993 
C RESERVOIR LEVEL  1 : DEAD STORAGE 
C RESERVOIR LEVEL  2 : TOP OF BUFFER POOL 
C RESERVOIR LEVEL  3 : TOP OF CONSEVATION POOL 
C RESERVOIR LEVEL  4 : TOP OF FLOOD CONTROL POOL 
C RESERVOIR LEVEL  5 : TOP OF DAM 
C RL-208    1550    1550    1550    1550    1550    1550 
RL  -208    1550    1550    1550    1550    1550    3250 
RO 
RS     6     560    1000    1480    1630    2480    3250 
RQ     6      -1      -1      -1      -1      -1      -1 
RA     6      62     102     135     140     173     202 



RE     6     260     265     269     270     275     280 
P1   208   29600     1.3             232            .887 
P2         13140 
PR     0       0       0       0       0       0       0       0       0       
0 
PR     0       0 
CP   208  100000       0       0 
ID N. HIGHLANDS 
RT   208     205 
C *************** CHATTAHOOCHE RIVER AT COLUMBUS,GA **** RIVER MILE 267.67 
CP   205  100000    1160    1160 
ID COLUMBUS GAGE 02341500 
RT   205     200 
DR   205                                               1 
QD    12  -17.90  -17.34   -0.43   19.83   24.81   55.70   47.44   48.04   
48.69 
QD 30.88   21.50   17.17 
C **************** WALTER F. GEORGE DAM **************** RIVER MILE 182.94 
C CODED JUNE 30, 1993 
C RESERVOIR LEVEL  1 : DEAD STORAGE 
C RESERVOIR LEVEL  2 : BUFFER 
C RESERVOIR LEVEL  3 : TOP OF CONSEVATION POOL (TOP OF ZONE 1) 
C RESERVOIR LEVEL  4 : TOP OF FLOOD CONTROL POOL 
C RESERVOIR LEVEL  5 : TOP OF DAM 
C RESERVOIR LEVELS 184,184.5-187,185.5-188, 187.5-189, 188-190, 190, 194 
RL   200  847100 
RL     1     200      -1          690000 
RL     2     200      -1          746350 
 
RL     3     200      31          847100  847100  847100  847100  934400  
934400 
C     DATE                         JAN 1   FEB 15  FEB 28 APR 15  MAY 1   JUN 1 
C     ELEVATION                    188     188    188      188    190     190 
 
RL                                934400  934400  934400  934400  934400  
934400 
C     DATE                        JUN 17  JUN 18  JUN 30  JULY 1  JULY 18 
JULY19 
C     ELEVATION                   190      190     190     190     190     190 
 
RL                                934400  934400  934400  934400  934400  
934400 
C     DATE                        JUL 30  JUL 31  AUG 18  AUG 19  AUG 30  AUG 
31 
C     ELEVATION                    190     190     190     190     190     190 
 
RL                                934400  934400  934400  933200  912200  
911000 
C     DATE                        SEP 17  SEP 18  SEP 30  OCT 1   OCT 18  OCT 
19 
C     ELEVATION                    190     190     190     190    189.5    
189.5 
 
RL                                890000  889000  860000  859000  848000  
847100 
C     DATE                        OCT31   NOV 1   NOV 18  NOV 19  NOV 30  DEC 1 
C     ELEVATION                   189     189     188.3   188.3   188     188 
 
RL                                847100 
C                                 DEC 31 
C                                 188 
 
RL     4     200      -1          934410 



C RL   5     200      -1         1129000 
RL     5     200      -1         1475800 
RO 
RS   -35    2.61   11.68   18.67   27.24   37.92   51.21   67.83   89.10   
118.1 
RS 161.5   196.7   224.0   308.7   419.0   556.3   587.6   620.2   654.4   
690.0 
RS 727.1   765.6   805.5   847.1   890.0   934.4   980.5  1028.1  1077.6  
1129.0 
RS1182.1  1237.1  1294.0  1352.7  1413.3  1475.8 
RQ    35       0       0       0       0       0       0       0       0       
0 
RQ     0       0       0       0       0       0       0       0   10000   
31200 
RQ 31200   31200   31200   50000   53000   57900  150000  153000  156000  
160000 
RQ397000  417000  438000  448000  470000  500000 
RA    35     587    1248    1550    1894    2375    2966    3720    4895    
6815 
RA 10624   12815   14501   19457   24556   30557   31897   33396   34880   
36375 
RA 37784   39210   40735   42210   43665   45181   46850   48615   50356   
52250 
RA 54045   55975   57800   59650   61528   63375 
RE    35     110     120     125     130     135     140     145     150     
155 
RE   160     163     165     170     175     180     181     182     183     
184 
RE   185     186     187     188     189     190     191     192     193     
194 
RE   195     196     197     198     199     200 
P1   200  154000     1.0             112            .832       1 
P2         31200       0      
PC     6       0    .005     .35    .732    .829     1.0 
PF     6    .083    .083    .083    .083    .083    .125 
 
PR     1       1       1       1       1       1     1.2     1.2     1.2     
1.2 
PR     1       1 
 
C PD   0      .2      .2      .2      .2      .2       0 
PD     0       1       1       1       1       1       0 
PQ     0    4000   10400   16800   25200   34900   46200   59100   73000   
87000 
PT 101.9     102     106     110     115     120     125     130     135     
140 
CP   200   35000 
ID W.F.GEORGE 
RT   200     199 
DR   200                                               1 
QD    12    3.67    3.55   -4.87   -0.31   14.93    3.31    5.51   -0.78   -
5.40 
QD  0.15   -4.53   -4.42 
 
CS    31       1      46      59     105     121     152     167     168     
181 
C           01JAN    15FEB   28FEB  15APR   01MAY    01JUN  16JUN   17JUN  
30JUN 
CS   182     198     199     212     213     229     230     243     244     
259 
C    01JUL  17JUL  18JUL   31JUL   01AUG    17AUG   18AUG   31AUG   01SEP  
16SEP 



CS   260     273     274     290     291     304     305     320     321     
334 
C   17SEP  30SEP  01OCT     17OCT   18OCT   31OCT   01NOV   16NOV   17NOV  
30NOV 
CS   335     365 
C   01DEC   31DEC 
 
CG -4.01     180     180     180     180     180     180     180     180     
180 
CG   180     180     180     180     180     180     180     180     180     
180 
CG   180     180     180     180     180     180     180     180     180     
180 
CG   180     180 
 
CG -1.01     184     184     184     184     184     184     184     184     
184 
CG   184     184     184     184     184     184     184     184     184     
184 
CG   184     184     184     184     184     184     184     184     184     
184 
CG   184     184 
 
CG -1.80  189.99  189.99  189.99  189.99  189.99  189.99  189.99     187     
187 
C              1      46      59     105     121     152     167     168     
181 
C           01JAN    15FEB   28FEB  15APR   01MAY    01JUN  16JUN   17JUN  
30JUN 
CG189.99  189.99     186     186  189.99  189.99     186     186  189.99  
189.99 
C    182     198     199     212     213     229     230     243     244     
259 
C    01JUL  17JUL  18JUL   31JUL   01AUG    17AUG   18AUG   31AUG   01SEP  
16SEP 
CG   186     186  189.99  189.99     186     186  189.99  189.99     186     
186 
C    260     273     274     290     291     304     305     320     321     
334 
C   17SEP  30SEP  01OCT     17OCT   18OCT   31OCT   01NOV   16NOV   17NOV  
30NOV 
CG189.99  189.99 
C    335     365 
C   01DEC   31DEC 
 
CG -1.10     190     190     190     190     190     190     190     190     
190 
CG   190     190     190     190     190     190     190     190     190     
190 
CG   190     190     190     190     190     190     190     190     190     
190 
CG   190     190 
QM  -200      10      10    8000    1000 
 
C    *********CONTROL POINT AT ANDREWS****************** RIVER MILE 154.3 
CP   199  100000 
IDGEORGE ANDREWS 
RT   199     196 
DR   199                                               1 
QD    12  -11.35   -9.84   -8.93   -3.05   11.24   31.04   20.19   -0.24   -
6.60 
QD -6.79   -6.29   -6.51 
C **************** DUMMY RESERVOIR AT GRIFFIN GAGE SITE * RIVER MILE 412.15 



RL   360 
RO 
RS     2       1     100 
RQ     2      -1      -1 
RE     2       1      10 
CP   360  999999 
ID GRIFFIN 
C 02344500 FLINT RIVER NEAR GRIFFIN, GA 
RT   360     350 
DR   360                                               1 
QD    12   10.29   10.51    8.43   13.31   16.66   16.90   16.15   16.43   
15.03 
QD 12.31   12.93    9.81 
C  ************** FLINT RV AT MONTEZUMA, GA ************ RIVER MILE 288.42 
CP   350  999999 
ID MONTEZUMA 
RT   350     340 
DR   350                                               1 
QD    12   15.25   15.76   15.92   19.93   24.87   32.03   28.99   27.62   
26.07 
QD 21.78   21.74   18.31 
C  ************** FLINT RV AT ALBANY DAM SITE ********** RIVER MILE 211.9 
CP   340  999999 
ID ALBANY 
RT   340     330 
DR   340                                               1 
QD    12  -20.03  -19.55  -15.05   -2.14  106.56  347.59  192.23   75.78   
29.64 
QD  2.90    1.76   -9.13 
C  ************** FLINT RV AT NEWTON, GA *************** RIVER MILE 177.27 
CP   330  999999 
ID NEWTON 
RT   330     320     1.2       0      24 
DR   330                                               1 
QD    12  -30.21  -27.70  -30.49  -18.90   73.76  252.89  125.92   26.47  -
10.81 
QD-25.05  -24.95  -27.81 
C  ************** FLINT RIVER AT BAINBRIDGE ************* RIVER MILE 136.81 
CP   320  999999 
ID  BAINBRIDGE 
RT   320     196 
DR   320                                               1 
QD    12   -6.06   -3.80   -2.82   -2.50   -3.64   -3.89   -4.59   -3.83   -
3.61 
QD -3.39   -3.44   -2.20 
C **************** JIM WOODRUFF DAM ******************** RIVER MILE 107.58 
C CODED JUNE 30, 1993 
C RESERVOIR LEVEL  1 : DEAD STORAGE 
C RESERVOIR LEVEL  2 : TOP OF BUFFER POOL 
C RESERVOIR LEVEL  3 : TOP OF CONSEVATION POOL 
C RESERVOIR LEVEL  4 : TOP OF FLOOD CONTROL POOL 
C RESERVOIR LEVEL  5 : TOP OF DAM 
C RL 196  398385  297628  335130  398385  447720  447728 
RL   196  398385  297628  335130  398385  407720  509990 
C  ELEV.    77.8   75      76.4     77.8    79      79 
C  ELEVATIONS ARE FOR STORAGES ON RL RECORDS 
RO     2     296     192 
RS    24       0     682    1967   35368   42881   51453   61159   72077   
84280 
RS 97848  112858  129379  147492  167279  188893  212560  238444  266742  
297628 
RS331146  367311  406154  447728  509990 



RQ    24    1000    1000    1000    1000    1000    1000    1000    2000    
4000 
RQ  4500    4500    6500    8500    8500    8500    8500    8500    8500    
8600 
RQ 30000  204000  214000  230000  340000 
RA    24       0     433     880    7009    8030    9127   10300   11549   
12874 
RA 14275   15752   17305   18937   20650   22620   24750   27060   29580   
32200 
RA 34840   37500   40200   42980   46000 
RE    24      44      48      50      60      61      62      63      64      
65 
RE    66      67      68      69      70      71      72      73      74      
75 
RE    76      77      78      79      80 
P1   196   36000     1.0              42            .789       1 
P2   100   18300       0 
PR   300     300     300     300     300     300     300     300     300     
300 
PR   300     300      24 
PD 0.142    .143    .143    .143    .143    .143   0.143 
PQ  3230    5000    9500   17500   27000   39000   55000   78000  133000  
172000 
PT    39      42      43      48      52      56      60      64      70      
73 
CP   196  400000    5000    5000 
ID JIM WOODRUFF 
RT   196     296 
DR   196                                               1 
QD    12  127.54  112.18  150.11  125.95  213.00  307.23  255.27  233.31  
173.18 
QD155.78  132.28  163.87 
CP   296  400000    1000 
IDONEFOOT 
RT   296     194 
 
 
CS    31       1      46      59     105     121     152     169     170     
181 
C           01JAN    15FEB   28FEB  15APR   01MAY    01JUN  18JUN   19JUN  
30JUN 
CS   182     200     201     212     213     231     232     243     244     
261 
C    01JUL  19JUL  20JUL   31JUL   01AUG    19AUG   20AUG   31AUG   01SEP  
18SEP 
CS   262     273     274     292     293     304     305     322     323     
334 
C   19SEP  30SEP  01OCT     19OCT   20OCT   31OCT   01NOV   18NOV   19NOV  
30NOV 
CS   335     365 
C   01DEC   31DEC 
 
CG -4.01      65      65      65      65      65      65      65      65      
65 
CG    65      65      65      65      65      65      65      65      65      
65 
CG    65      65      65      65      65      65      65      65      65      
65 
CG    65      65 
 
CG -1.01   76.49   76.49   76.49   76.49   76.49   76.49   76.49   76.49   
76.49 



CG 76.49   76.49   76.49   76.49   76.49   76.49   76.49   76.49   76.49   
76.49 
CG 76.49   76.49   76.49   76.49   76.49   76.49   76.49   76.49   76.49   
76.49 
CG 76.49   76.49 
 
CG -1.13   77.89   77.89   77.89   77.89   77.89   77.89   77.89    76.5    
76.5 
C           01JAN    15FEB   28FEB  15APR   01MAY    01JUN  18JUN   19JUN  
30JUN 
CG 77.89   77.89    76.5    76.5   77.89   77.89    76.5    76.5   77.89   
77.89 
C    01JUL  19JUL  20JUL   31JUL   01AUG    19AUG   20AUG   31AUG   01SEP  
18SEP 
CG  76.5    76.5   77.89   77.89    76.5    76.5   77.89   77.89    76.5    
76.5 
C   19SEP  30SEP  01OCT     19OCT   20OCT   31OCT   01NOV   18NOV   19NOV  
30NOV 
CG 77.89   77.89 
C   01DEC   31DEC 
 
CG -1.02    77.9    77.9    77.9    77.9    77.9    77.9    77.9    77.9    
77.9 
CG  77.9    77.9    77.9    77.9    77.9    77.9    77.9    77.9    77.9    
77.9 
CG  77.9    77.9    77.9    77.9    77.9    77.9    77.9    77.9    77.9    
77.9 
CG  77.9    77.9 
QM  -196     999    1000   13000    2000 
 
C  *************** APALACHICOLA RV AT CHATTAHOOCHEE, FL * RIVER MILE 107 
CP   194  999999 
IDCHATTAHOOCHEE 
RT   194     192 
DR   194                                               1 
QD    12   -0.48   -0.51   -0.48   -0.47   -0.47   -0.43   -0.51   -0.48  -0.47 
QD -0.51   -0.47   -0.50 
C  *************** APALACHICOLA RV NR BLOUNTSTOWN, FL ** RIVER MILE 78.23 
C CP   192  999999    7500    5000 
CP   192  999999    5000    5000 
IDBLOUNTSTOWN 
RT   192     185 
DR   192                                               1 
QD    12   -1.09   -0.87   -0.48    0.05    4.39    4.29    3.80    3.71    
4.02 
QD  3.71    3.69   -0.42 
C  *************** APALACHICOLA RV NR SUMATRA, FL ****** RIVER MILE 20.3 
CP   185  999999 
ID SUMATRA 
RT   185 
DR   185                                               1 
QD    12   49.87   48.94   49.51   57.42   80.42  126.28   96.62   75.05   
67.71 
QD 63.63   37.00   50.99 
 
ED 
BF     2     365     365       039010100       0      24 
ZR=IN225      A=CHATTAHOOCHEE B=BUFORD C=FLOW_INC F=UNIMP_CMA7 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

EXHIBIT B 



 
HydroLogics, Inc 

10440 Shaker Drive 
Suite 104 
Columbia 

MD 21044 
Tel 410.715.0555 
Fax 410.715.0557 

 
 
MEMO 
 
To:       Copies: 
Pat Stevens, ARC     Daniel Sheer, HydroLogics, Inc 
Lewis Jones, King & Spaulding LLP   A. Michael Sheer, HydroLogics, Inc 
 
 
From: 
Megan Rivera, HydroLogics, Inc 
 
 
Date: 
May 29, 2008 
 
 
Subject: 
Ramping Account Balancing 
 
 
------------------------------------------------------------------------------------------------------------ 
 
 
Although the stated purpose of the IOP is to mimic nature to the extent possible in a 
managed system, the ramp-down restrictions are highly artificial.  Ramp-down 
restrictions require the Corps to release vast amounts of water from storage to “smooth 
out” the natural variations in stream flow that occur when it rains.  Instead of storing the 
storm pulse, as it could and should, the Corps is instead required to let it go—because it 
is required to release 100% of Basin Inflow at the critical times—and the Corps is also 
required to release substantial water from storage to provide a gradual ramp-down from 
the higher levels associated with the run-off.  If there is any scientific basis for this 
requirement it is not identified in the Biological Opinion or in the administrative record 
for the IOP. 

We assessed the impact of ramping rate releases in two ways.  First, we ran a model of 
the MIOP with and without ramping requirements.  In most years, the storage deficit 
caused by ramping releases is cleared in the spring when the reservoirs refill.  The impact 
on system storage within a single year or during an extended drought, however, can be 



substantial.  In 2006, for example, the system storage was depleted by 80,000 af by the 
ramping restrictions. 

There are provisions in the IOP to reclaim some of this water to storage through a 
volumetric balancing scheme.  Note that the MIOP model does not include any attempts 
to recover ramping releases.  This is consistent with HEC-5 IOP models released by the 
Corps.  Preliminary work with the Concept 5 version of the IOP showed that 1) a number 
of assumptions need to be made in order to model account balancing, and there was 
insufficient information available to reflect how the accounts would be balanced in 
practice, and 2) very little water could actually be recovered over a wide range of 
assumptions.  For this reason, analysis of ramping rate account balancing was done using 
historical releases rather than model runs.  

From the period January 7, 2007 to October 1, 2007, the amount of water required to 
meet ramping restrictions was determined based on the USGS reported Chattahoochee 
gage flow.  Specifically, the minimum required flow based on the version of the IOP in 
effect and the ramping restrictions applied to the previous day’s release was calculated.  
The amount of water released for ramping requirements was then calculated as the 
smaller of this minimum flow or the actual release, minus the minimum required flow 
without ramping restrictions.  This ramping requirement release was then capped by the 
decrease in storage for the day.  The amount of water recovered through under-releases 
was also calculated as the required release minus the USGS reported Chattahoochee gage 
flow (positive values only). 

Table 1 shows the amount of water released for ramping restrictions and the amount 
recovered through under-releases from January 7, 2007 to October 1, 2007.  Severe 
restrictions were placed on when and how under-releases could be made in May of 2007, 
so data is shown before and after May 1.  Between May and October of 2007, only 3000 
af of water was recovered through under-releases.  Note that the restrictions were 
imposed after the Corps recovered about 110,000 af of its ramping releases in the Spring 
of 2007: the system would be up to 110,000 af lower now had these restrictions been in 
place then. 

 

 

Table 1: Ramping Release Account Balances in 2007 

 Releases made for 
ramping (af) 

Under-releases (af) 

1/7/2007 to 5/1/2007 160,000 110,000 
5/1/2007 to 10/1/2007 20,000 3000 
 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

EXHIBIT C 



 
HydroLogics, Inc 

10440 Shaker Drive 
Suite 104 
Columbia 

MD 21044 
Tel 410.715.0555 
Fax 410.715.0557 

 
 
MEMO 
 
To:       Copies: 
Pat Stevens, ARC     Daniel Sheer, HydroLogics, Inc 
Lewis Jones, King & Spaulding LLP   A. Michael Sheer, HydroLogics, Inc 
 
 
From: 
Megan Rivera, HydroLogics, Inc 
 
 
Date: 
May 29, 2008 
 
 
Subject: 
Lanier Stage When Drought Contingency Operations End 
 
 
------------------------------------------------------------------------------------------------------------ 
 
 
This document details the technique used to determine the probable stage in Lake Lanier 
when the Drought Contingency Operations end.  First, the “Hirsch” forecasting 
technique1 was used to generate 67 potential inflow traces for the period May 1, 2008 to 
April 30, 2009.  Each trace was based on the hydrology from one year between1940 and 
2007.  The historical inflows were adjusted based on antecedent inflows to account for 
current basin conditions.1 

Each of these 67 traces was then run through the MIOP model for the period May 1, 2008 
to April 30, 2009.  Table 1 shows the month in which Drought Contingency Operations 
end for each of the traces as well as the zone of Lake Lanier’s stage on the day that the 
DCO ends.  Note that in 15 of the years, the DCO remains in effect beyond April 30, 
2009; these years are given a “0” in the Lanier Zone column. 

                                                 
1 Add references—Lewis, let me know if you aren’t referencing the forecast papers elsewhere (those same 
references go here), and I’ll find them.  I know they’re in the green book, for example. 
 



Based on these results, Figure 1 shows the probability of Drought Contingency 
Operations ending this year under the MIOP.  There is a 78% chance that the DCO will 
end within a year, with a 16% chance they will end by September 1, and a 57% chance 
they will end by the first of the year. 

Table 2 shows the probability of Lanier being in Zone 1, 2, 3, or 4 when the DCO ends.  
As shown in Figure 1, there is a 22% chance that the DCO will be in effect beyond April 
30, 2009.  There is a 62% chance that the DCO will end before April 30 and that Lake 
Lanier will be in Zone 4.  There is a 15% chance that the DCO will end before April 30 
and that Lake Lanier will be in Zone 3.  There were no traces in which the DCO ended 
before April 30 and Lake Lanier had recovered to Zone 2 or Zone 1.  



 
Table 1: Month and Lanier Zone When DCO ends based on forecasted hydrology 

Trace Year 

Month 
that DCO 

ends 

Lanier 
Zone 
when 
DCO 
ends Trace Year 

Month 
that DCO 

ends 

Lanier 
Zone 
when 
DCO 
ends 

1 1940 no end 0 35 1974 11/30/2008 4 
2 1941 3/31/2009 4 36 1975 9/30/2008 4 
3 1942 9/30/2008 4 37 1976 10/31/2008 4 
4 1943 3/31/2009 4 38 1977 11/30/2008 4 
5 1944 no end 0 39 1978 2/28/2009 4 
6 1945 12/31/2008 4 40 1979 3/31/2009 4 
7 1946 4/30/2009 3 41 1980 no end 0 
8 1947 3/31/2009 4 42 1981 2/28/2009 3 
9 1948 9/30/2008 4 43 1982 12/31/2008 4 
10 1949 8/31/2008 4 44 1983 12/31/2008 4 
11 1950 9/30/2008 4 45 1984 8/31/2008 4 
12 1951 12/31/2008 3 46 1985 8/31/2008 4 
13 1952 4/30/2009 4 47 1986 11/30/2008 4 
14 1953 9/30/2008 4 48 1987 no end 0 
15 1954 no end 0 49 1988 no end 0 
16 1955 no end 0 50 1989 7/31/2008 4 
17 1956 no end 0 51 1990 1/31/2009 3 
18 1957 no end 0 52 1991 8/31/2008 4 
19 1958 no end 0 53 1992 8/31/2008 4 
20 1959 10/31/2008 4 54 1993 no end 0 
21 1960 2/28/2009 4 55 1994 8/31/2008 4 
22 1961 12/31/2008 3 56 1995 10/31/2008 4 
23 1962 4/30/2009 3 57 1996 12/31/2008 4 
24 1963 10/31/2008 4 58 1997 10/31/2008 4 
25 1964 3/31/2009 4 59 1998 no end 0 
26 1965 3/31/2009 4 60 1999 no end 0 
27 1966 10/31/2008 4 61 2000 no end 0 
28 1967 7/31/2008 4 62 2001 no end 0 
29 1968 12/31/2008 3 63 2002 11/30/2008 3 
30 1969 12/31/2008 3 64 2003 7/31/2008 4 
31 1970 11/30/2008 4 65 2004 9/30/2008 4 
32 1971 8/31/2008 4 66 2005 8/31/2008 4 
33 1972 11/30/2008 3 67 2006 11/30/2008 4 
34 1973 10/31/2008 4   68 2007 no end 0 
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Figure 1: Probability of Drought Contingency Operations Ending this Year Under 
the MIOP. 
 
Table 2: Probability of Lanier being in Zone 1, 2, 3, or 4 when the DCO ends. 

Lanier Zone 
# of 

years probability
4 42 62 
3 10 15 
2 0 < 1.5 
1 0 < 1.5 

DCO continues 15 22 
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MEMO 

To: 

Pat Stevens, ARC 
Lewis Jones, King & Spalding LLP 
Patricia Barmeyer, King & Spalding LLC 

Copies: 

Owen McKeon, ARCADIS 

From:  

George F. McMahon, Ph.D., PE, D.WRE 
 

 

Date: ARCADIS Project No.: 

May 28, 2008 GA0634770003 

Subject:  

Review and comments: USACE April 15, 2008 proposed ACF Modified Interim 
Operations Plan (MIOP) 
 

 

1. Comments subsequently provided reflect my overall assessment of the Corps’ proposed IOP 
modifications, from perspectives of efficacious (efficient, fair and risk-averse) and integrated river 
basin management.  Since 1990 I have analyzed a great many ACF operational alternatives using 
the USACE HEC-5 model, including the 1989 Water Control Plan (WCP), water allocation 
formulas proposed by the States during the ACF Compact negotiations, and more recently the 
original and Concept 5 Interim Operations Plan (IOP), the Emergency Drought Operations (EDO) 
plan, and other species-protection operational proposals by stakeholders, e.g. the Maximum 
Sustainable Release Rule (MSRR). Currently in progress are forensic investigations of ACF 
models and data, and detailed analysis of the Concept 6 modified IOP (MIOP) using 2002 – 2007 
hydrology.  Nonetheless my assessment is guided primarily by career knowledge and experience 
in river basin planning and reservoir operations, as opposed to specific model results. 

2. Comments are organized in the following categories: 

 Fundamental weaknesses of the IOP framework to ACF reservoir operations and river 
management. 

 Comparison of reservoir releases under the IOP and the WCP during droughts. 

ARCADIS 

2849 Paces Ferry Road 

Suite 400 

Atlanta 

Georgia 30339 

Tel 770.431.8666 

Fax 770.435.2666 
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 Faulty assumptions, inaccurate or incomplete data input to the HEC-5 models applied by the 
Corps for analysis of the IOP, resulting in (1) inadequate accommodation of system physical 
limitations, hydrologic and operational uncertainties, (2) unrealistic assessment of system 
capacity for IOP compliance, and (3) under-estimation of IOP impacts and risks imposed on 
other uses of water and storage in the Basin, evidenced by the Corps’ failure to anticipate the 
rapid drawdown of storage during severe drought conditions as were experienced during 
2006 and 2007. 

3. Fundamental weaknesses of IOP and MIOP 
The MIOP essentially marries the IOP and the belated (i.e., only after annual system refill 
becomes virtually impossible) EDO response to emergency conditions inevitably resulting from 
the IOP.  The MIOP eliminates the 6500-cfs intervening minimum release provision of the IOP and 
reduces the portion of Basin Inflow required to be released from 70% to 50%.  However, the MIOP 
retains the unsustainable IOP requirement for full-spectrum regulation of BI by a reservoir system 
not designed for this purpose. 
 
The IOP rules, summarized in Table 1, require the system to pass through 70% or more of Basin 
Inflow (BI) depending on time of year and composite conservation storage (sum of Lanier, West 
Point and W.F. George water in storage).  In addition, minimum augmentation releases of 6500 
and 5000 cfs are specified above and below zone 3, respectively. 

Months Basin Inflow (BI) (cfs) Woodruff minimum release (cfs) 
March – May >=35,800 >=25,000 cfs
 18,000 – 35,800 Max{18,000, 70% BI} 
 <18,000 Max{6,500, BI} (>=composite storage zone 3) 
  Max{5,000, BI} (<composite storage zone 3) 
June - February >=23,000 >=16,000 cfs 
 10,000 – 23,000 Max{10,000, 70% BI} 
 <10,000 Max{6,500, BI} (>=composite storage zone 3) 
  Max{5,000, BI} (<composite storage zone 3) 

Table 1: USACE Concept 5 IOP operating rules 
 

The MIOP rules, displayed in Table 2, reduce the BI pass-through requirement to 50%, eliminate 
the 6500-cfs flow augmentation requirement, incorporate winter refill and drought relief aspects of 
the EDO, and add an exceptional drought trigger zone below which minimum flow augmentation is 
reduced to 4500 cfs. 
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Months Basin Inflow (BI) (cfs) Woodruff minimum release (cfs) 

March – May >=34,000 

>=39,000 

>=25,000 cfs (>=composite storage zone 2) 

>=25,000 cfs (>=composite storage zone 3) 

 16,000 – 34,000 

11,000 – 39,000 

Max{16,000, 50% BI} (>=composite storage zone 2) 

Max{11,000, 50% BI} (>=composite storage zone 3) 

 5,000 – 16,000 

5,000 – 11,000 

BI (>=composite storage zone 2) 

BI (>=composite storage zone 3) 

 <5,000 5,000 (<composite storage zone 3) 

 Any 

Any 

5,000 (<composite storage zone 4) 

4,500 (<exceptional drought trigger zone) 

June – November >=24,000 >=16,000 (>=composite storage zone 3) 

 8,000 – 24,000 Max{8,000, 50% BI} (>=composite storage zone 3) 

 5,000 – 8,000 BI (>=composite storage zone 3) 

 <5,000 5,000 (>=composite storage zone 3) 

 Any 

Any 

5,000 (<composite storage zone 4) 

4,500 (<exceptional drought trigger zone) 

December – February Any 

Any 

5,000 (>=exceptional drought trigger zone) 

4,500 (<exceptional drought trigger zone) 

Table 2: USACE Concept 6 IOP operating rules 

It is apparent that the MIOP improves upon the IOP in terms of opportunity afforded for annual 
refill of system conservation storage. However, as has been demonstrated during 2006 and 2007, 
the IOP is unsustainable and creates unacceptable risks of system collapse, i.e. emptying of 
conservation storage, with attendant serious economic and environmental consequences.  As 
subsequently shown, the MIOP does not remedy the fundamental deficiencies of the IOP nor 
relax its provisions sufficiently to reduce these risks to levels approaching the WCP, and as a 
consequences forecloses opportunities for future operational adaptations to demands of growing 
populations on water and storage. 

A major weakness of the IOP/MIOP framework is evident in Figures 1 and 2, graphically depicting 
IOP BI release requirements in conflict with WCP rule curves and zones designed to induce 
seasonal conservation storage drawdown and refill during dry years (2000 in this example). 
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Figure 1: IOP Woodruff release requirements and dry-year (2000) Basin Inflow 
 
The MIOP partially relieves some of the more onerous provisions of the IOP, though as 
subsequently described this relief does not fully mitigate the wasteful use of system storage 
inherent to the basic IOP framework in comparison to the WCP. Subsequent comments on the 
fundamental weaknesses of the IOP thus also apply to the MIOP.  Figure 1, for example, shows 
that the IOP allows no water to be stored in the system when BI is less than 10,000 cfs at any 
time during the year, and none when BI is less than 18,000 cfs during March, April and May – 
precisely coinciding with the prescribed refill of seasonal conservation pools shown in Figure 2. 
Woodruff is a pondage reservoir with insignificant storage relative to BI, further limited by stability 
constraints on net allowable differential head on the dam (headwater minus tailwater elevation).  
Only 30% of system inflow may be stored for most of the year when BI ranges between 10,000 
and 23,000 cfs, and between 18,000 and 35,800 cfs from March through May.  Statistical period-
of-record (1939 – 2007) analysis reveals that the IOP only allows significant capture of above-
normal system inflows. In actuality, the poor distribution of system storage relative to BI makes 
inflow capture and storage refill considerably less likely under the IOP than the WCP. 
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Figure 2: IOP seasonal composite storage zones 

Refill of the conservation pools prior to June 1 is critical to maximize water in storage in advance 
of the dry summer months, when reservoir inflows are lowest relative to all economic and 
environmental demands. Lower starting pools at the beginning of summer, especially in the case 
of Lanier, leads to lower pools at the end of the year and reduced chances of refill in the next 
year. The combined problems of summer-fall drawdown and winter-spring refill are greatly 
exacerbated under the IOP by (1) high spring spawning release requirements coincident with 
rising WCP-mandated seasonal conservation pools, (2) extremely poor distribution of system 
storage relative to Basin Inflows, and (3) limitations on the system’s capacity to store and release 
water precisely as required by the IOP while continuing to meet at-site purposes, e.g. hydropower 
and instream flows for municipal and industrial water supply, cooling water for thermal 
powerplants, and water quality. 

The following stepwise analysis discloses that the overall risks to the system posed by the IOP 
during multi-year regional droughts (as frequently experienced in the southeast) are much greater 
than suggested by Figure 1. The IOP/MIOP operational framework relies on balanced use of 
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conservation storage in Lanier, West Point and W.F. George, so that ideally all reservoirs are in 
the same zone (1 – 4) simultaneously.  The zones, delineated in the 1989 WCP, were intended to 
roughly equalize chances of refilling each storage reservoir when operating under the WCP, and 
as subsequently shown are poorly-suited to the IOP.  Moreover, the ACF storage reservoirs were 
developed incrementally and were not planned or designed to operate as an integrated system.  
In the first place, balanced-pool operation is a practical impossibility due to the disparity between 
project inflows and conservation storage, i.e. Lanier rises and falls much more slowly than West 
Point, which in turn responds more slowly to inflows than W.F. George.  The reason for this is the 
ratio of project inflow to allocated conservation storage, shown in Figure 3, which is inversely 
proportional to the time required to drain and fill reservoirs.  Thus West Point can drain and fill 
nearly 10 times as quickly as Lanier assuming average inflow to both reservoirs. By the same 
token W.F. George can respond more than twice as quickly as West Point.  As a consequence, 
the risks posed by draining, for example, 50% of Lanier’s conservation storage are orders of 
magnitude greater than the equivalent portion of W.F. George’s conservation pool. Thus a better 
measure of balanced system operation than remaining storage is the chance of refill within a fixed 
period of time. 

Figure 3: Inflow to conservation storage ratios 
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Under the IOP, water from all three reservoir conservation pools must be routed downstream in a 
timely manner to Jim Woodruff Dam, to enable required releases.  Consequently when flow 
augmentation is required (i.e. BI less than required Woodruff release), Lanier, West Point and 
W.F. George releases are apportioned to maintain each reservoir insofar as possible in the same 
(WCP) zone. Consequently Lanier tends to be drawn down at the same rate as West Point and 
W.F. George under the IOP, but as previously shown cannot refill nearly as quickly as the lower 
reservoirs. Figure 4 applies the inflow-to-conservation storage analysis of Figure 1 to assess the 
effects of disproportionate size and placement of conservation storage in the ACF Basin to BI 
capture efficiency and related capacity for regulation of Basin outflow. 

Figure 4: ACF conservation storage distribution and BI capture efficiency 

The IOP and the MIOP to a lesser degree conflict with the need to refill system conservation 
storage during periods of low inflow, when releases are required from storage to augment Basin 
Inflows up to 6,500 cfs.  Even when Basin Inflows fall in the normal range, constraints on refill are 
significant during the March – May spawning season, when the IOP only allows 30% of inflow to 
be stored while the reservoir rule curves rise to full summer pool levels. The mismatch between 
WCP rule and guide curves and the IOP spawning release requirements is evident in Figure 5, 
showing a drastic reduction in chance of refill under the IOP to full summer pool levels from March 
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– May of each year, based on starting position (e.g. top of conservation pool, top of zone 1, etc. to 
bottom of conservation pool) and BI capture efficiency. It should be noted that Figure 5 accounts 
only for the IOP rules for Woodruff releases; rule curve refill is further constrained in actuality by 
reservoir releases to meet at-site requirements including hydropower, water supply and minimum 
instream flows for water quality and other purposes. Figure 6 alternatively displays these results, 
showing the exacerbation of natural imbalance in system storage due to reduced opportunities for 
BI capture under the IOP, with the most severe impacts felt at Lanier and diminishing moving 
downstream. The analysis indicates that, while the MIOP is an improvement over the IOP, it is not 
nearly sufficient to reduce risks to pre-IOP levels nor to restore opportunities for operational 
adaptation to changing demands on water and storage in the Basin. 

Figure 5: ACF annual March–May chance of refill under WCP, IOP (IOP5) and MIOP (IOP6) 
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Figure 6: WCP, IOP (IOP5) and MIOP (IOP6) impacts on probability of refill 

Other aspects common to the IOP and the MIOP that routinely necessitate releases from system 
storage in excess of the requirements of the basic rules are as follows: 

 Ramp-down rate limits – maximum allowable rate of reduction of Woodruff releases (to 
prevent high-water stranding of mussels); a paradoxical effect of the ramp-down 
limitations is the fact that storms centered over the southern part of the Basin may 
actually increase the drawdown of Lanier. 

 Head limits at Jim Woodruff Dam – maximum allowable differential reservoir and tailwater 
levels relative to tailwater (to ensure stability of the dam). 

 Lack of forecasting and operational hedging required to ensure at-site requirements are 
met with releases from upstream reservoirs precisely timed to ensure just-in-time flow 
delivery to Woodruff, causing spillage (inflow that cannot be stored) from the system. 
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 IOP and MIOP-required release rates greatly exceeding Woodruff’s penstock capacity, 
necessitating large and less-precisely controllable spillway releases and corresponding 
loss of power generation. 

 Inaccurate measurement of Woodruff releases (subsequently discussed under models 
and data below). 

In summary, the MIOP improves upon the IOP, but, by preserving the basic dependency of IOP-
required releases on Basin Inflow, remains less suited to management of the Basin than the 1989 
WCP, notwithstanding the evolution of demands on water and storage since 1990. The IOP 
framework is fatally flawed because it attempts to artificially re-create a natural streamflow regime 
at the Basin outlet across a full range of flow conditions using reservoirs ill-suited (with low 
capture efficiency) to this purpose.  It should be noted that the at-site purposes these reservoirs 
were designed and operated under the WCP to serve remain in effect under the IOP. 

The futility of the effort notwithstanding, attenuation of hydrologic extremes and natural system 
response to inflows may not be especially beneficial to species.  A subsequent comparison 
between drought operation under the WCP and the IOP provides indications that the IOP may not 
improve on the WCP, and may ultimately be worse by necessitating emergency curtailment of 
reservoir releases and unsustainable depletion of conservation storage. The most effective 
approach dictated by sound river basin management practice to preservation of natural flow 
regimes using limited storage is to set required minimum flows at the lowest possible levels to 
mitigate extreme low flows and prevent irreversible ecological harm. Such a regulation policy 
maintains reservoirs full most of the time, thus passing inflows most of the time and ensuring 
adequate water in storage for sustained periods of extreme low-flow augmentation.  In sum, low 
minimum release requirements result in more natural flow regimes and sustainable flow 
augmentation during extreme droughts. 

Low-flow augmentation during the dry summer and fall months can only be sustained if reservoirs 
are allowed to refill during the winter and spring – otherwise storage drawdown is unabated during 
extended droughts and system failure becomes a real possibility. Operation under various 
versions of the IOP during the past two years provides tangible evidence, specifically in the case 
of Lanier, which has experienced two years of virtually continuous drawdown since early 2006, 
interrupted only by (1) implementation of the EDO and (2) above-normal rainfall in December and 
January. Nonetheless Lanier is now at its lowest level at the beginning of May since it was initially 
filled, and under the MIOP – with higher demands on Lanier than imposed by the WCP – the 
threat of its conservation pool being emptied during the next 18 months is real. In the long run, 
should the IOP framework be incorporated within an updated ACF water control plan, water 
shortage crises will likely arise on a regular basis.  Equally objectionable is the consequent 
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foreclosure of options to meet future growth of a variety of demands on water and storage, 
specifically additional reallocation of conservation storage to municipal water supply. 

4. IOP and WCP operational comparison 
As previously described, the spring flow augmentation requirements under the IOP and MIOP 
conflict with the WCP objective to store high spring flows in advance of the normally-dry summer 
and fall months. In addition, however, the IOP and MIOP impose higher summer and fall minimum 
release requirements than the WCP.  As a result, Lanier – the reservoir with annual carryover 
storage – is afforded less opportunity to refill than the smaller downstream reservoirs, creating an 
imbalance in system storage as experienced this spring, shown in Figure 7. 

Figure 7: ACF system storage imbalance produced by IOP/EDO operations, April 2008 
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The significant departure of IOP-prescribed reservoir releases from the WCP apparent by 
examination of the operational data and comparison with system performance in previous 
basinwide droughts. Figure 8 displays Lanier daily pool elevations, observed prior to the WCP 
(1980–1990), under the WCP beginning in 1990, and under various iterations of the IOP 
beginning in 2006.  Three regional multi-year droughts occurred during this 28-year span – 1980-
1981, 1986 – 1989, 1998-2001, and 2006-2007 (ongoing).  The 1980-1981 drought was relatively 
short but intense, producing the lowest lake level since Lanier was originally impounded in 1957.  
Operational adjustments were made to reduce the drawdown from 1986–1988, which at present 
still constitutes the lowest 3-year inflow period in Lanier’s history.  These adjustments were 
formalized in the 1989 WCP and served to comparatively reduce Lanier drawdown during the 
subsequent 1998–2001 4-year drought. 

The stabilizing influence of the WCP in comparison to prior operational practice is well suited to 
prevention of excessive and protracted drawdown of Lanier – containing as previously noted 70-
80% of composite storage at full seasonal pool. Figure 8 indicates that the duration of the critical 
period for Lanier, i.e. time of lowest inflows relative to demands on storage, has averaged 3-4 
years. Under the IOP, the 2-year drawdown since 2006 has exceeded total drawdown in any 
previous period of any duration, despite the fact that, as shown in Figures 9 and 10, 3-year Basin 
Inflow and Lanier inflow volumes are not the lowest of record. 
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Figure 8: Lanier observed daily pool elevation, 1980–2007 

Side-by-side comparisons of WCP operation from 1999–2000 and IOP operation in 2006 and 
2007 strikingly reveal that the principal cause of the rapid drawdown of the system is not the 
severity of the drought, but the additional demands placed on the system by the IOP. Figures 11 – 
15 compare monthly Basin Inflows and reservoir releases for 1999-2000 under the WCP, and 
2006-2007 under the IOP. 

ACF WCP ACF IOPACF WCP ACF IOP
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Figure 9: Normalized 3-year BI and Lanier inflow volumes, 1940 – 2007 

Figure 10: 3-year Lanier inflow volume-frequency curves (Log-Pearson Type III) and ranking 
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Figure 11: Monthly Basin Inflow, 1999-2000 (WCP) and 2006-2007 (IOP) 

Figure 12: Lanier monthly release, 1999-2000 (WCP) and 2006-2007 (IOP) 
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Figure 13: West Point monthly release, 1999-2000 (WCP) and 2006-2007 (IOP) 

Figure 14: W.F. George monthly release, 1999-2000 (WCP) and 2006-2007 (IOP) 
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Figure 15: Jim Woodruff monthly release, 1999-2000 (WCP) and 2006-2007 (IOP) 

The foregoing analysis identifies the major points of departure of the IOP from the WCP with 
respect to management for fish and wildlife, flood control, hydropower, navigation, recreation, 
water supply and water quality.  A comparison, summarized in Table 3, of ACF project releases 
under the two operational policies reveals the differences to be significant and predictable, i.e. that 
IOP operation during historical droughts as or more severe than the current drought would have 
resulted in much greater drawdown of the storage reservoirs than actually occurred under the 
WCP. 
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 1999-2000 (WCP) 
average 

2006-2007 (IOP) 
average 

IOP/WCP ratio BI-adjusted 
IOP/WCP ratio 

Basin Inflow (BI) 
(cfs) 

9,869 11,140 113% 113% 

Lanier release 
(cfs) 

1,173 1,507 128% 145% 

West Point 
release (cfs) 

2,503 3,072 123% 139% 

W.F. George 
release (cfs) 

4,473 4,994 112% 126% 

Jim Woodruff 
release (cfs) 

9,968 10,681 107% 121% 

Jim Woodruff 
release/BI ratio 

101% 96% NA NA 

Table 3: WCP–IOP Concept 5 drought operational comparison 
 
The fact that Woodruff released more of Basin Inflow from 1999-2001 under the WCP than from 
2006-2007 under the IOP may signify that the IOP unsustainably over-utilizes system storage, 
necessitating EDO curtailment of releases to avert system collapse, ultimately to the detriment of 
all purposes including endangered species the IOP was intended to protect.  However, potential 
errors in measurement of Basin Inflows and/or project releases (subsequently addressed in the 
forensic analysis) might also contribute to this finding. 

 

4. Forensic analysis – models and data applied for analysis of IOP 
Countless models were developed by the Corps, the States and the ARC to analyze the effects of 
various IOP formulations on the ACF system using period-of-record historical flows, selected 
and/or re-sequenced drought years of record, as well as synthesized low-flow conditions designed 
as bounding low-flow condition, for example day-of-year percentile flows determined by time-
series cyclic analysis of the historical record.  Numerous severe droughts in the historical record 
notwithstanding, the Corps models failed to predict the rate or extent of system storage drawdown 
actually experienced in 2006 and 2007, and in some instances indicated the IOP to be equivalent 
to or slightly improve upon the WCP.  My impression from review of these models is that they 
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failed to accommodate operational imprecision and hedging in a meaningful way, omitted 
important information in some instances and incorporated outdated information in others.  All 
models necessarily simplify reality, and without careful consideration of potential errors or bias 
introduced by underlying assumptions, models may produce idealized results and fail as a result 
to predict the true limitations on the system’s capacity for intense river regulation of the kind 
imposed by the IOP.  Some of the data and assumptions embodied in the Corps’ models that in 
my opinion might cause the models to significantly underestimate the impacts of the IOP on the 
ACF reservoirs are as follows: 

 Turbine/generator performance data for Lanier do not reflect the new, larger units recently 
installed, which potentially increase releases per hour of full-capacity generation by 25% 
or more than the original units for which performance data and penstock capacity are 
specified in the current HEC-5 models.  The HEC-5 models may substantially 
underestimate Lanier power releases under the IOP as a result. 

 Lack of channel routing provisions in the models potentially understates the precision with 
which – and operational hedging needed to ensure – releases from upstream reservoirs 
are made and move through the system in time to enable IOP-mandated releases from 
Woodruff.  In the current models, no time lag occurs between water released from 
upstream reservoirs and inflow to downstream reservoirs, and thus model-prescribed 
releases assume “perfect” knowledge of system conditions. 

 Large spillway releases from Woodruff are necessary to comply with the IOP and in some 
instances to maintain net head (differential head and tailwater levels) within allowable 
limits.  The HEC-5 models impose maximum tailwater levels, but do not require minimum 
releases (and tailwater levels) over IOP requirements needed ensure that limitations on 
maximum head shown in Appendix A, Chart 12a of the July 1985 revised Reservoir 
Regulation Manual are not violated.  Because releases to maintain allowable head are 
also subject to the ramp-down requirements of the IOP, significant spillage in excess of 
IOP minimum flow requirements can be expected and have in fact occurred during 2006 
and 2007, causing significant over-releases and drawdown of system storage in 
comparison to model-simulated results. 

 The Corps has acknowledged significant imprecision in measurement of Woodruff 
releases, especially large spillway releases, and has as consequently substituted 
Chattahoochee Gage data for Woodruff releases.  Stream gages do not measure flow 
directly, but instead apply empirically-derived rating curves to convert measured river 
stage to flow. Rating curves are imprecise and subject to change for a variety of reasons, 
and flow measurement errors of less than 10% are rare. As subsequently shown by 
forensic analysis, published Woodruff releases appear to be significantly less than actual 
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(relative to published computed inflows), from which it may be concluded that significantly 
more water is actually released from Woodruff than applied in the derivation of 
incremental and/or unimpaired flows input to the models. 

 Some of the models appear to base ramp-down on Basin Inflows rather than previous-day 
Woodruff releases.  Ramp-down limits are imposed when Woodruff releases for any 
purpose, including head limits.  Ramp-down is more restrictive at lower flows, and thus 
models basing ramp-down on Basin Inflows will in general underestimate system storage 
drawdown in comparison to previous-day Woodruff releases. 

 The Corps Concept 5 models incorrectly assumed that most Atlanta-area municipal 
wastewater returns occur upstream of Atlanta, rather than in the Whitesburg reach 
downstream of Atlanta; the result of this assumption is an underestimation of Lanier 
releases to maintain the 750-cfs Peachtree Creek minimum flow requirement. 

 The volumetric balancing provisions of the Concept 5 IOP were not incorporated into the 
Corps’ HEC-5 models, but, because they are over-constrained, in reality provide little 
benefit and thus would not be expected to significantly affect the models. 

Daily cumulative inflows to the reservoirs may be derived based on measured project releases 
and changes in storage, applying the continuity equation as follows: 

I = ∆S + O 

Where I represents cumulative observed inflow (inclusive of evaporation, water diversions and 
returns), ∆S change in storage, and O reservoir outflow.  Local inflows are derived by subtracting 
upstream reservoir releases (if applicable) from downstream cumulative inflows. 

In order to assess the accuracy and consistency of the basic data used to derive the historical and 
unimpaired local inflows applied in the HEC-5 and other models to evaluate the IOP, I developed 
a specified-release model designed to reconstitute observed reservoir elevations by forcing each 
reservoir to make actual releases (measured by the Corps) with observed incremental inflows 
computed as previously described.  Comparison of observed versus reconstituted reservoir levels 
from 1976 – 2007 (the common operational record all the four projects) reveals the extent to 
which the Corps’ published data satisfy the continuity requirement, or alternatively cause water to 
be created or lost in the system.  Violation of continuity may imply inaccuracies in observed or 
computed time-series data, reservoir elevation-storage data, or both. Inaccurate time-series data 
input to the models will render the models used for analysis of system performance likewise 
inaccurate, regardless of the operating rules imposed.  Results of specified-release simulations for 
the four ACF Corps reservoirs are shown in Figures 16 – 19. 
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Figure 16: Lanier observed and reconstituted elevations, 1976–2007 

Observed SimulatedObserved Simulated
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Figure 17: West Point observed and reconstituted elevations, 1976–2007 

Figure 18: W.F. George observed and reconstituted elevations, 1976–2007 

Observed SimulatedObserved Simulated

Observed SimulatedObserved Simulated
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Figure 19: Jim Woodruff observed and reconstituted elevations, 1976–2007 

The forensic simulation, results of which are summarized in Table 4, shows that nearly 62% of 
total system conservation storage is added to the system (roughly equivalent to Lanier’s entire 
conservation pool) over the 30-year period of analysis. 

 Cumulative reconstituted–
observed ∆(storage) (af) 

% ∆(total conservation pool) 

Lanier -87,012 -8.00% 

West Point 334,358 109.22% 

W.F. George 480,699 212.79% 

Jim Woodruff 283,366 703.94% 

Total 1,026,411 61.76% 

Table 4: Summary of specified-release model results 

Observed SimulatedObserved Simulated
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One conclusion to be drawn from the forensic analysis is that Corps-computed inflows, based on 
measured reservoir releases and observed changes in storage, may be higher than actual. 
Consequently local incremental flows, unimpaired flows, Basin Inflows and other derived time-
series input to the operational models may be overestimated as well. 

5. Summary and conclusions 
The foregoing comments address the weaknesses of the IOP framework for multipurpose 
reservoir operation and integrated management of the ACF Basin, IOP points of departure from 
the 1989 ACF WCP, and potential problems with models and data that could result in 
underestimation of the impacts of IOP operation on the system during droughts. 
 
Weaknesses of IOP:  Concept 6 improves slightly on the Concept 5 IOP but remains poorly-suited 
for water management to meet all competitive demands on water and storage in the Basin. 
General deficiencies of the IOP framework are as follows: 

 Requirement for intense regulation of Basin outflows across a full spectrum of hydrologic 
conditions, from drought to above-normal, throughout the Basin 

 Inadequate reservoir system storage positioned to effect IOP regulation, i.e. low capture 
efficiency of Basin Inflow 

 WCP seasonal rule curve refill in conflict with IOP spawning release requirements 

 Unsustainable over-utilization of conservation storage and imposition of unacceptable 
risks of system failure, significant reduction in annual probability of refill from the WCP, 
and redistribution system storage balance from upstream to downstream (i.e. maintaining 
upstream reservoirs less full than downstream reservoirs), in contravention of basic 
principles of sound water management. 

 Over-utilization of system storage with current demands, foreclosing opportunities for 
future operational change and/or reallocation of storage to most beneficial uses 

IOP and WCP operational comparison: The IOP framework substantially alters WCP priorities and 
procedures for meeting fish and wildlife, flood control, hydropower, navigation, recreation, water 
supply and water quality objectives. As a consequence these purposes are significantly impacted 
by the IOP, and IOP arguably is subject to the authorization and NEPA compliance requirements 
of water control plan revision. 

Comparison of drought operational data under the WCP and the IOP indicates that the IOP 
appears to liberally draw down system (esp. Lanier) storage in the initial months, creating an 
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emergency situation and curtailment of releases later.  The more conservative and less-intense 
regulation prescribed by the WCP approach leaves more water in storage, avoids the need for 
emergency measures, and arguably outperforms the IOP in maintenance of natural seasonal flow 
regimes and low-flow augmentation. 

Models and data applied to IOP analysis:  Problems and inconsistencies exhibited in the data and 
assumptions applied to operational simulation of the IOP include those as follows: 

 Outdated turbine/generator performance data for Lanier 

 Lack of channel routing and accommodation of operational hedging in models 

 Incomplete accommodation of Woodruff head limits in models 

 IOP requirements for large spillway releases from Woodruff Dam 

 Uncertainty and/or errors in measurement of Woodruff releases 

 Ramp-down of Woodruff releases based on Basin Inflows as opposed to previous-day 
releases (in some models) 

 Incorrect distribution of municipal water withdrawals and returns upstream of Whitesburg 
Gage 

 Lack of model accommodation of volumetric balancing RPM3 measure 

The specified-release forensic models disclose potentially significant mass-balance errors in the 
Corps’ published reservoir inflows and/or releases since 1976.  Errors in these basic data could, if 
unresolved or accommodated in some way, translate to computed incremental (observed and 
unimpaired) flows input to the models. 

Discounting the effects of potential errors in historical project inflow and/or release time-series 
data, these problems will result in a tendency of the models to minimize operational inefficiencies 
(‘wasted’ water and storage) due to (1) complexity, impracticality and incompatibility some of the 
IOP provisions with the WCP, (2) availability and reliability of forecast and real-time hydromet data 
needed for day-to-day water control under the IOP, and (3) physical limitations of the system. The 
models would thus underestimate the true effects of the IOP on project releases and resulting 
drawdown of conservation storage. 
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Conclusions: The IOP appears to be a poorly-conceived and weak framework for integrated 
management of the ACF system to meet a variety of competing objectives. The MIOP partially 
relaxes some of the IOP provisions and appends to it the EDO, yet the EDO provisions are only 
activated only after system refill during a reasonable period of time, e.g. one year, is made nearly 
impossible.  While the MIOP improves on improvement on the IOP, it does not restore the level of 
risks faced by users of water and storage to WCP levels, principally because it retains the fatally-
flawed IOP framework for full-spectrum regulation of Basin Inflow by a reservoir system with 
conservation storage inadequate to this purpose. The Corps has asserted that the original and 
subsequent versions of the IOP fall within the framework of the 1989 WCP, but as shown above 
the IOP significantly alters system storage and reservoir release patterns from the WCP.  The 
Corps omitted critical details in the models and data used to formulate the IOP, and more 
importantly failed to draw fully on its institutional record of experience, knowledge and lessons 
learned in day-to-day ACF operations, water control planning, and involvement in the ACT/ACF 
Comprehensive Study and subsequent water allocation negotiations. To its credit, the Corps now 
appears to be incorporating more conservative assumptions in the models and data used for 
analysis of the MIOP. 

Apart from scientific necessity of environmental flow regimes the MIOP is intended to assure, the 
over-riding conclusion to be drawn from the foregoing analysis is that the MIOP is extremely 
inefficient and physically/hydrologically ill-suited to this purpose.  As a consequence, the MIOP 
wastes valuable water and jeopardizes all economic and environmental uses of storage in the 
ACF Basin.  The established and emerging purposes for which the system has been historically 
managed will be damaged by water wasted in disjunctive MIOP operations, and the opportunity 
costs may be even greater should the MIOP form the basis of an ‘updated’ ACF Water Control 
Plan that forecloses opportunities for future operational adaptations to changing demands on 
water and storage. Assuming the flow regimes prescribed by the MIOP are needed, they could 
more reliably be effected by more efficient operating rules tailored to at-site demands, hydrology, 
existing purposes, and physical limitations applicable to each of the ACF reservoirs. At-site 
operating rules can be carefully formulated to maximize conjunctivity of releases and produce 
equivalent or better flow regimes for species protection in the lower ACF Basin while allowing the 
reservoirs to remain full more of the time.  For example, rules can be formulated that reconcile 
spring storage refill and spawning release requirements by reduction or elimination of seasonal 
drawdown and refill induced by rule/guide curves – helping to balance system storage and 
equalize risks and refill chances among all reservoirs.  Alternatively or in concert, operating rules 
that minimize flow augmentation requirements based on sustainable yield most reliably prevent 
extreme low flows and assure release of natural inflows through mostly-full reservoirs, in contrast 
to the repetitious and artificial drawdown/refill cycles induced by the MIOP. 
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Due to its low capture efficiency, the ACF reservoir system can only marginally alter the timing of 
Basin outflows relative to inflows.  The value of the MIOP relative to the risks imposed have yet to 
be determined. As shown above, the IOP and MIOP manifestly alters WCP-prescribed reservoir 
releases.  Environmental benefits notwithstanding, the economic impacts of IOP implementation 
to date, coupled with prospects for future water shortages under the MIOP, appear to be 
significant at best and socially unacceptable at worst.  The previous analysis also discloses 
significant uncertainties and biases in the models used for analysis of the IOP and MIOP.  Given 
these risks and uncertainties, the IOP appears to qualify for Independent Peer Review under 
Section 2034 of PL 110-114 (Water Resources Development Act of 2007) to assure the Corps’ 
supporting analysis and basis for implementation are sound. 

 



 
 
 
 
 
 
 
 
 
 
 
 
 

EXHIBIT E 
 



Streamflow Depletions in the Flint River Basin Caused by Irrigation Pumping from the 
Floridan Aquifer in Drought Years 

 

 
Depletions Caused by 

Groundwater Pumping* 

Depletions 
Caused by 

Surface 
Water 

Withdrawals Total**  

 

Spring 
Creek 
Gage 
(cfs)1 

Bainbridge 
Gage 
(cfs)2 

Total 
GW 

(cfs)3 

Total 
SW 

(cfs)4 cfs mgd5 
January - - - - - -
February - - - - - -
March 3.8 42 46 48 94 60
April 8.8 79 88 92 179 116
May 32.9 252 285 297 582 375
June 40.9 320 361 376 737 476
Jul 33.7 338 372 388 759 490
Aug 29.5 352 382 398 779 503
Sept 21.9 341 363 378 741 478
Oct 10.5 220 231 240 471 304
Nov 8.3 171 179 187 366 236
Dec 4.7 130 135 140 275 178
Average  203 cfs 212 cfs 415 cfs 268 mgd

Source:  Flint River Basin Regional Development and Conservation Plan (Mar. 20, 2006) 

*Actual groundwater withdrawals for irrigation are much higher.  

**Depletions for municipal and industrial use within the Flint River Basin are not included. 

                                                 
1 See Flint River Basin Regional Development and Conservation Plan (“FRB Plan”) at 111, Table 6.2(c) (“Backlog” 
column).  Spring Creek is a former tributary of the Flint River that now flows directly into Lake Seminole.   
2 See FRB Plan at 112, Table 6.2(e) (“Backlog” column). 
3 Numbers in this column exclude minor streamflow reductions from irrigation pumping within the 
Ichawaynochaway Creek drainage area.  See FRB Plan 110, Table 6.2(a). 
4 The FRB Plan does not provide monthly data for surface water withdrawals.  It does state, however, that 
“approximately 250 mgd [387.5 cfs] are used basin wide by agricultural surface water withdrawals in July (the peak 
month) of a typical irrigation season during a drought year.”  FRB Plan at 15.  The estimates of monthly use and 
yearly average provided in this column were derived by assuming that surface water withdrawals vary seasonally in 
the same manner as groundwater withdrawals, which we believe is a safe assumption. 
5 The conversion between mgd (millions of gallons per day) and cfs (cubic feet per second) is as follows:  1 mgd = 
1.55 cfs; 1 cfs = .646 mgd. 
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