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1.1 PURPOSE OF REPORT.

The purpose of this report is to present the results of a study investigating flood control
regulation plans for Jamestown and Pipestem Dams (Projects), which are located along
the James River and Pipestem Creek immediately north of Jamestown, North Dakota.
Pipestem Dam is a Corps of Engineers project, while Jamestown Dam is a Bureau of
Reclamation project regulated by the Corps when the pool level reaches the flood
control zone.  The water control plan is the section of a water control manual that
contains the operating plans and release schedules for the different pool levels and
runoff conditions that may be expected for these projects.  The report contains the
following: a description of the current water control plan (1975 Field Working Agreement
(FWA)) along with the historic water control plans prior to the 1975 FWA; a summary of
the historic problems associated with regulating the projects for flood control; and an
evaluation and comparison of alternative water control plans.

1.2 SCOPE OF INVESTIGATION.

The study area includes all areas adjacent to the James River that are potentially
affected by the operation the projects.  This includes both private farmland and non-
private refuge land upstream of the projects that is impacted by impounding floodwater
in the reservoirs, the areas within the boundaries of the projects themselves, and all
downstream areas from immediately below the projects to the confluence of the James
River with the Missouri River.

Impacts evaluated included agricultural flood damages, urban flood damages,
recreational impacts, fish and wildlife impacts, cultural impacts, archaeological impacts,
and dam safety.

1.3 AUTHORIZATION FOR STUDY.

The study was conducted under the general guidelines of Engineer Regulation 1110-2-
240 (Water Control Management, 8 October 1982, and changes thereto) which directs
the Corps of Engineers to continually review its water control plans and to revise such
plans as necessary “… to conform with changing requirements resulting from
developments in the project area and downstream, improvements in technology, new
legislation and other relevant factors, provided such revisions comply with existing
Federal regulations and established Corps of Engineers policy.”

The original water control plan contained in the 1975 FWA was based upon a channel
capacity of 1800 cubic feet per second (cfs) for the James River in Jamestown, North
Dakota.  During evacuation of flood control storage from an 8 inch rainfall event in July,
1993, it was discovered that the channel capacity for the James River in Jamestown
had been reduced to approximately 750 cfs, and significant deviations to the water
control plan were required in order to evacuate flood control storage while at the same
time avoid damaging releases in the Jamestown, North Dakota area.   Following this
event, it was agreed that reevaluation of the water control manual rule curves for
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Jamestown and Pipestem Dams was needed.   Subsequently, the Omaha District Water
Control Section budgeted for a two-year re-study of the water control plans for
Jamestown and Pipestem Reservoirs to be initiated in Fiscal Year 1996.  Due to
concerns from South Dakota interests over the impacts of Jamestown/Pipestem Dams
operations on flood damages along the James River in South Dakota, the original scope
of work was expanded into a three-year study that included impacts in South Dakota.  In
addition, language concerning the revisions to the water control manuals was written
into the 1996 Water Resources Development Act (WRDA) as follows:

“WRDA 96, S640, SEC. 220. JAMESTOWN DAM AND PIPESTEM
DAM, NORTH DAKOTA. (a) Revisions to Water Control Manuals.—In
consultation with the State of South Dakota and the James RIVER
Water Development District, the Secretary shall review and consider
revisions to the water control manuals for the Jamestown Dam and
Pipestem Dam, North Dakota, to modify operation of the dams so as to
reduce the magnitude and duration of flooding and inundation of land
located within the 10-year floodplain along the James River in South
Dakota.”
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2.1 GENERAL.

The Jamestown Dam and Reservoir in Jamestown, North Dakota, is owned and
operated by the U.S. Bureau of Reclamation (USBR), Great Plains Region.  The flood
control zone is regulated by the U.S. Army Corps of Engineers, per Section 7 of the
Flood Control Act of 1944.  Jamestown Reservoir’s flood control pool is operated in
conjunction with Pipestem Dam and Reservoir, a Corps of Engineers flood control
project located on a tributary of the James River, Pipestem Creek.  Pipestem Creek
enters the James River at the north end of the City of Jamestown, North Dakota.  The
James River Basin in North and South Dakota is shown on Plate 1.  The drainage basin
above Jamestown, North Dakota is shown on Plate 2.  A local vicinity map for
Jamestown is shown on Plate 3.

2.2 PROJECT AUTHORIZATION.

2.2.1 Jamestown Dam.

In 1922, the Chief Drainage Engineer of South Dakota, published the report entitled
“Report of the Drainage and Flood Control Investigations in the James River Valley
through South Dakota”.  The report concluded that complete flood control for the James
River Basin was possible but not economically feasible.  The report recommended
channel clearing and cutoffs.

In 1927, the State Engineer of North Dakota submitted a report proposing that Missouri
River water be diverted to the James and Sheyenne Rivers.  The plan included a dam
on the James River, called Arrowwood Dam, 9 miles north of Jamestown.  Maximum
capacity of the dam was to be 200,000 acre-feet.

In 1930, the Corps of Engineers submitted a report “James River, North and South
Dakota” published as House Document no. 83, 73rd Congress, 1st Session that rejected
the State’s 1927 plan as impracticable because costs exceeded benefits.  The report
concluded that the James River was not susceptible to improvements for navigation or
hydroelectric power development, and that irrigation and flood control were
impracticable or economically infeasible at that time.  An alternative plan was
recommended consisting of two smaller reservoirs, one near the site of the originally
proposed Arrowwood Dam with a capacity of 32,000 acre feet and the other near New
Rockford with 2,500 acre-feet capacity.

In 1935, the Corps of Engineers prepared the report entitled, “Water Supply and
Sewage Disposal, James and Sheyenne River Basins, North and South Dakota”, for the
Federal Emergency Administration of Public Works.  An Investigation was made of the
existing water supply and sewage disposal conditions and problems in both basins.
Plans were presented both for solution of individual problems by local means and for
regulation of stream flow by storage reservoirs in the upper reaches of both streams,
including Arrowwood Reservoir on the James River above Jamestown and Pipestem
Reservoir on Pipestem Creek.
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In 1935, the Arrowwood Wildlife Refuge was established.

In 1940, the Bureau of Reclamation initiated studies relating to Jamestown Dam.

On 10 November 1943, Congress requested that the Board of Engineers for Rivers and
Harbors review the Corp’s 1930 document “with a view to determining the advisability of
improvements for flood control on the James River and tributaries.”

In 1943, the Corps of Engineers presented a plan for improvement of the Missouri River
Basin as House Document 475, 78th Congress, 2nd Session.  The Jamestown Reservoir
on the James River was contemplated as an element in a diversion plan from Garrison
Reservoir, and the cost of construction of this reservoir was included in the estimate.

In May 1944, results of the Bureau’s studies were presented to Congress in a report
entitled “Conservation, Control, and Use of Water Resources of the Missouri River
Basin.”  This report was printed as Senate Document 191, 78th Congress, 2nd Session.
These plans were later coordinated with the general comprehensive plans of the Corps
of Engineers as revised by Senate Document No. 247, 78th Congress, 2nd Session.  The
plans for the Missouri River Basin, as set forth in House Document No. 475 and Senate
Document No. 191, and as revised and coordinated by Senate Document No. 247, were
approved by the Flood Control Act approved 22 December 1944.

Jamestown Dam and Reservoir was authorized by Section 9 of the Act of Congress
approved December 22, 1944, (58 Stat. 887,891), Public Law 534, referred to as the
Flood Control Act of 1944.  The adopted plan is generally referred to as the Pick-Sloan
Plan.

In 30 April 1945, the Garrison District Engineer issued the report “Review Report on
Flood Control for the James River and Its Tributaries, North and South Dakota”.  A
“technically sound” plan of improvement for flood control was presented.  Key features
included Jamestown Dam, a dam on the Elm River, improvement of the James River
channel from Columbia to the mouth.  The report recommended that the plan of
improvement for the Missouri River Basin be expanded to include the this project.

In 1949, Congress supplied the USBR with funding to build Jamestown Dam.

Following the severe flood of May 1950 in the upper James River, construction of
Jamestown Dam and Reservoir was an early element of the Garrison Diversion Unit
under a special appropriation made by Congress to provide urgently needed flood
protection to the City of Jamestown.  In October 1951, Congress appropriated $500,000
in the Second Supplemental Act of Fiscal Year 1952 to start construction. Construction
by the Bureau of Reclamation was started in February 1952 and completed in
September 1953.
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2.2.2 Pipestem Dam.

In 2 June 1953, Congress requested that the Board of Engineers for Rivers and Harbors
review the reports on the Missouri River, submitted in House Document No. 238, 73rd
Congress, and other prior and subsequent reports, with a view to determining whether
improvements for flood control on the James River and its tributaries in North and South
Dakota are advisable.

Authority for preparation of an interim report on flood control for Jamestown, North
Dakota is contained in the 1st Endorsement by the Office of the Chief of Engineers,
dated 13 May 1963, subject, “James River, North and South Dakota, Investigation.”

On 2 November 1964, an interim report, “Flood Control for Jamestown, North Dakota,”
was transmitted to the Division Engineer, Missouri River.  This report was published in
House Document No. 266, 89th Congress, 1st Session as “James River and Tributaries,
Jamestown, North Dakota.”  The report looked at solutions to the flooding problems in
Jamestown only.  At the time this report was issued, a basin wide report that included
South Dakota was to be completed within 2 –3 years.  The state of North Dakota viewed
the potential flood problems in Jamestown as critical and requested submission of an
interim report covering the situation in Jamestown.

The Flood Control Act of 1965 (Public Law 89-298), substantially in accordance with the
recommendations of the Chief of Engineers in House Document No. 266, of the 89th

Congress, authorized Pipestem Dam and Reservoir as a project for flood control, fish
and wildlife, and recreation.  Construction began in April 1972 and was finished in July
1973.

2.3 PROJECT PURPOSES.

Jamestown Dam was constructed for irrigation, flood control, municipal and industrial
water supply, fish and wildlife conservation, recreation, and preservation of public
health.  Pipestem Dam was constructed for flood control, fish and wildlife management,
and recreation.  Jamestown and Pipestem Reservoir Pool Capacities are shown in
Table 2.1, with additional information provided in Plate 4, Jamestown Dam Profile and
Plate 5, Pipestem Dam Profile. Capacities of each project are included in these two
Plates.

TABLE 2.1 – JAMESTOWN AND PIPESTEM RESERVOIR POOL CAPACITIES (ACRE-FEET)

Dead Conservation Joint-Use

Exclusive
Flood

Control Surcharge Total
Jamestown 820 24,537 6,253 189,468 158,860 379,938
Pipestem 0 8,944 0 133,163 34,681 179,788

      Total 820 33,481 6,253 322,631 193,541 556,726
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2.4 PROJECT DESCRIPTION.

Both Jamestown and Pipestem Dams are described in the following paragraphs.  In
addition pertinent data for both projects is shown in Plate 6.

2.4.1 Location.

Jamestown Dam is located on the James River about one mile north of Jamestown in
Stutsman County, North Dakota.  Pipestem Dam is located on Pipestem Creek
approximately three miles northwest of Jamestown, North Dakota, and six miles above
the confluence with the James River.  The location of these projects is shown on Plate
3, Jamestown and Pipestem Reservoirs Vicinity Map.

2.4.2 Physical Components.

Jamestown Dam was constructed by the U.S. Bureau of Reclamation.  Construction
was started in February 1952 and completed in September 1953.  Pipestem Dam was
constructed by the Corps of Engineers.  Construction was started in April 1972 and
completed in July 1973.

Jamestown Dam outlet works consist of a submerged concrete intake structure, a
conduit, and a gate chamber, which contains two high-pressure 4-foot by 6-foot
hydraulically operated slide gates in tandem with two emergency gates of the same size
and shape.  Maximum discharge capacity of the outlet works at elevation 1429.8 ft, msl
is 2175 cfs, and at elevation 1454 ft, msl, the top of flood pool, 2750 cfs.  A detail of the
outlet works is provided in Plate 7, Jamestown Dam Outlet Works.  Jamestown
Reservoir is provided with an emergency spillway consisting of a morning-glory type
inlet structure.  The spillway crest is at elevation 1454 feet, mean sea level (ft, msl), the
top of flood control pool, and therefore does not begin to discharge until the flood control
pool is full.  Spillway discharge capacity at the top of surcharge pool, elevation 1464.3 ft,
msl is 2930 cubic feet per second (cfs), see Plate 8, Jamestown Dam Spillway Profile,
for detailed information.

The intake structure of the Pipestem Dam outlet works has an ungated drop inlet.  The
weir crest of this inlet is the top of the multipurpose pool (elevation 1442.5 ft, msl).
Flood control releases are controlled and regulated by two 4-foot by 7-foot slide gates
with a discharge capacity of 2,500 cfs at elevation 1496.3 ft, msl, see Plate 9, Pipestem
Dam Outlet Works, for detailed information.  Pipestem Dam has an ungated earth
channel spillway.  The spillway channel has a crest at elevation 1496.3 ft, msl, the top of
the flood control pool.  The discharge capacity of the spillway is 56,200 cfs at the
maximum pool level of 1502.8 ft, msl.

2.5 JAMES RIVER BASIN.

2.5.1 Location.
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The James River basin occupies about 14,000 square miles in eastern South Dakota.
Another 8,000 square miles is in south central North Dakota.  The basin width averages
about 90 miles wide, but the length is 370 miles.  The basin in South Dakota is bounded
by the Missouri River drainage to the west and the Big Sioux and Vermilion River basins
to the east and southeast.  The James River is the longest of the prairie streams in the
Missouri River drainage.  From its headwaters in North Dakota it flows southward for a
distance of 710 river miles, 474 miles of which are in South Dakota.  The entire
drainage, along with major cities and other features, is shown in Plate 1, Area Map of
James River Basin.

The James River basin, in general, lies in the comparatively flat, poorly drained
glaciated area between the Missouri River Escarpment on the west and the Altamont,
Gary, and Antelope moraines on the east.  The basin slopes gradually from 1630 feet
m.s.l. near the headwaters to 1400 feet msl near Jamestown, North Dakota.  The
gradient of the river varies from 4.5 feet per mile to 1.5 feet per mile within this reach.
Downstream from Jamestown through Stutsman County and the northern half of
LaMoure County, the gradient is 1.5 feet per mile.  The gradient rapidly decreases to
0.5 feet per mile at the South Dakota State line, elevation 1300 m.s.l.  Across South
Dakota, the stream has an extremely flat slope averaging about 0.3 of a foot per mile.
The elevation of the mouth, near Yankton, is approximately 1170 feet msl.  A detailed
profile along with travel times is shown on Plate 10, James River Profile Average Travel
Times.

2.6 PROJECT OPERATION.

2.6.1 Current Operating Plan.

The current operating plan for flood control consists of a signed agreement between the
USBR and the Corps regarding the joint flood control operation of Jamestown and
Pipestem Dams.  This agreement is known as the 1975 Field Working Agreement and
is shown in its entirety in Appendix A.  A shortened version of the1975 FWA is shown in
the following Table 2.2, Combined Releases under the 1975 FWA.

TABLE 2.2 – COMBINED RELEASES UNDER THE 1975 FWA.
1975 Jamestown Dam Flood Control Regulation Procedure (Coincident Reservoir Levels)

Jamestown Pipestem Target Flow at Jamestown Gage
1. 1445.4 – 1454.0 Below    1496.3 1,800 c.f.s. from Jamestown
2. Below    1445.4 1489.0 – 1496.3 1,800 c.f.s. from Pipestem
3. 1440.0 – 1445.4 Below    1489.0 750 c.f.s. from Jamestown
4. Below    1440.0 1478.2 – 1489.0 750 c.f.s. from Pipestem
5. Below    1440.0 Below    1478.2 450 c.f.s. from Combined

Jamestown & Pipestem

The normal plan of operation for Jamestown and Pipestem Reservoirs is discussed in
the following paragraph.  Pipestem Reservoir usually begins receiving inflow from
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snowmelt around mid to late March.  This normally occurs 10 days prior to Jamestown
Reservoir.  Pipestem gates are set over the winter to pass inflows up to a maximum
flow of 100 cfs.  Therefore within a few days Pipestem is releasing 100 cfs.  Care must
be taken to avoid exacerbating ice jamming and flooding problems through the City of
Jamestown.  One area that is bothersome is the ice house dam.

As Pipestem begins discharging 100 cfs, attention is focused on the LaMoure gage.
Generally no additional increase in release is made until the LaMoure gage crests.  This
can occur from mid March to mid April but normally occurs at the end of March or the
start of April.  Once LaMoure has crested it indicates that the downstream channel
below Jamestown is usually ice free and most likely Beaver Creek, which flows into the
James River below Jamestown from the west, has cleared itself of ice and is now
receding.

Once La Moure has crested the downstream channel is open to increase releases.  If
the Jamestown pool hasn’t reached the top of joint use pool, 1432.67 ft, msl, an
increase in release can be made from Pipestem.  However, if Jamestown is above
1432.67 ft, msl the 1975 plan of operation calls for a combined release of 450 cfs to be
split as follows;  Pipestem to release inflows up to 100 cfs and Jamestown to release
the remainder, at least 350 cfs.  If pool levels continue to rise, releases are increased
according to the release schedule shown on Table 2.2.

During the initiation of runoff, a forecast of the total runoff is made and a plan of
evacuating the water in the flood storage pool can be developed.  This plan is presented
at an annual spring James River operations meeting attended by all agencies involved
with the James River.  The long term plan is discussed, each agency indicates if they
have any special considerations, and a plan is agreed on.  This may involve a deviation
from the1975 plan of operation.

2.6.2 Evolution of the Water Control Plan.

Since the beginning of the design of Jamestown Dam in the early 1950’s to the present
there have been five (5) signed Field Working Agreements between the USBR and the
Corps regarding the operation of the two dams.  Copies of the previous field working
agreements are attached to this report as Appendix D, Field Working Agreements.

2.6.2.a 1 March 1957 Agreement.

During the planning phase of Jamestown Dam in the late 1940’s and early 1950’s, the
Corps was tasked with developing the flood control benefits of the dam.  This would be
used in calculating the Benefit to Cost ratio that would either justify or not justify the
construction of the dam.  The Corps realized that because of the uniqueness of the
James River (i.e. long travel times, the reduced channel capacity in South Dakota, and
the large uncontrolled incremental drainage area below the dam) it would be impossible
to control all flooding below the dam.  However, to control as much flooding as possible
and to maximize the flood control benefits, it would be necessary to limit releases to
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zero during times of flooding.  Therefore the Corps recommended a flood control
storage volume that would hold the entire volume of the design snowmelt flood
assuming no releases would be made during flooding.

In the Corps’ 5 December 1951 report, “Flood Control Supplement for the Definite Plan
Report on Jamestown Reservoir” it was stated that “Consequently, releases from the
reservoir should be maintained at or near zero throughout the flood period.   For this
reason flood control storage should be provided to contain the entire project design
flood, or 200,000 acre-feet.”   The condition of no releases was the Corps’ position until
March 1953.

In a 28 July 1952 meeting the USBR warned of the impacts of no releases on
Arrowwood NWR and recommended giving money to the Corps of Engineers, Garrison
District to look at upstream versus downstream flood control in the operation plan.  In
the USBR’s initial studies and presentations the USBR stated that they were in a difficult
position with the Fish and Wildlife Service (FWS) relative to the effect of Jamestown
Dam on the Arrowwood National Wildlife Refuge.  In the USBR’s initial studies and
presentation to the FWS, the Bureau had considered flood control only through
Jamestown and had theoretically operated the reservoir to maintain a discharge of
1,800 cfs at the Jamestown gage.  These studies indicated insignificant effects on
Arrowwood NWR.

In June 1953, the Corps began investigating five (5) different operating alternatives that
eventually grew to eight (8).  The final adopted plan, as presented in the Jamestown
Water Control Manual, was agreed to by representatives of the three agencies at a
conference held in the Bureau of Reclamation offices in Bismarck, North Dakota on 26
July 1955.  The plan balanced downstream flood control damages with the cost of
relocating the refuge or its facilities.  This plan recognized both the impracticality of the
“zero release” plan which would have required very high releases in the late summer
and also the difficulty in regulating for flooding in South Dakota.  The final plan
eliminated Columbia and LaMoure and kept only Jamestown as a target point.  The
maximum allowable release during the early portion of the flood was 400 cfs.

In the USACE Garrison District’s May 1956 report “Jamestown Dam and Reservoir
Regulation Manual, Flood Regulation Only” a draft plan operation was set forth and is
shown in Table 2.3.  This table has been simplified and for a complete copy of the 1957
agreement Appendix C should be consulted.

TABLE 2.3 – 1956 JAMESTOWN DAM FLOOD CONTROL REGULATION PROCEDURE
Pool Elevation (ft, msl) Target Flow at Jamestown Gage (cfs)

1450.0 – 1454.0 1800
1445.4 – 1450.0 750
1429.8 – 1445.4 400

*Simplified

The significance of these release levels is as follows:
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(a) 1800 cfs was considered the channel capacity of the James River through the
City of Jamestown.  This was a USBR derived value.  The Corps (Garrison
District) at that time believed the capacity to be closer to 1600 cfs.

(b) 400 cfs was considered the channel capacity from Oakes, North Dakota to the
North Dakota/South Dakota state line.

(c) The derivation of the 750 cfs is not so clear from the correspondence.  It is most
likely related to the presumed channel capacity of the James River in the
Columbia area of South Dakota.  Early damage studies done by the Garrison
District indicated that 800 cfs was the channel capacity in the Columbia area.
Several of the operation alternatives considered in the Corps studies from 1953
to 1955 included a target flow of 800 cfs at Columbia.  Columbia and LaMoure
were later dropped as target stations from the final plan.  Later correspondence
in the 1970’s indicated the 750 cfs was derived from the plan of diverting 690 cfs
for the Garrison Diversion Project and that channel improvements in the Oakes
area would allow this discharge.

(d) It was required that one-half of the flood control storage pool be assumed as
being available at the start of the inflow design flood.  This is the basis for
increasing the release to 750 cfs at elevation 1445.4 ft, msl.

In March 1, 1957 the Corps and USBR signed the Flood Control Regulations governing
the operation of Jamestown Dam and Reservoir having been completed and published
in the Federal Register, at Page 864, Volume 22, issue of February 12, 1957.  Also in
March of 1957, the Bureau of Reclamation and the Bureau of Sport Fisheries and
Wildlife entered into a Memorandum of Understanding relating to the effects of the
Jamestown Reservoir on Arrowwood Refuge.

The final reservoir regulation manual for Jamestown was published in July 1957

2.6.2.b 26 September 1968 Agreement.

The 1957 agreement was modified to raise the permanent pool two feet to elevation
1432.0 ft, msl for recreation.  At the same time that the pool was raised the operating
plan was changed to include targeting 1,800 cfs at the Jamestown gage with 100,000
acre-feet available in flood storage (elevation 1445.4 ft, msl), the amount of storage
necessary to route the spillway design flood.

2.6.2.c 1 June 1972 Agreement.

The 1968 agreement was modified to include a provision for a summer flow of 10 – 20
cfs to alleviate stagnant conditions in the James River.  To accomplish this the joint-use
pool was raised from 1432.0 ft, msl to 1432.67 ft, msl.

2.6.2.d 29 January 1974 Agreement.

This was the first agreement that followed the construction of Pipestem Dam.  In the
March 1967 report “Pipestem Creek Dam and Reservoir Design Memorandum No. JP-1
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Hydrology” it was stated that “Pipestem Dam would be operated to retain all the volume
of floods up to and including the Standard Project Flood” with no release.  This would
provide the maximum flood benefit to Jamestown and downstream areas to the
S.D./N.D. state line.  The construction of Pipestem Dam allowed the release of 1800 cfs
from Jamestown Dam at a much lower elevation (1440 ft, msl) than in previous
agreements (1445.4 ft, msl).  Other changes from earlier agreements were to maintain
the highest release achieved until the flood pool was emptied, the elimination of
LaMoure as a control point, and the introduction of the 750 cfs release step.  The 750
cfs evacuation rate from Jamestown was at least partially based upon the old release
schedule for Garrison Diversion Unit (690 cfs maximum release from Jamestown
Reservoir with a channel capacity of 900 cfs at Oakes).

2.6.2.e 25 July 1975 Agreement.

This agreement sought to correct several perceived flaws in the 1974 agreement.  The
problems included;

(a) Radical departure from previous operation of Jamestown – the 1974 FWA calls
for much higher releases at lower pool elevations.

(b) Wide release fluctuations would result from using Table 1 of the 1974 FWA.
(c) Maintenance of high releases which contribute to significant downstream flooding

until all flood storage is evacuated is inconsistent with normal regulation practice.

As a result of these concerns the 1975 agreement differs from the 1974
agreement primarily in two procedures.  The 1975 plan delays higher releases until
more flood storage is utilized and it does not maintain the maximum release attained
until the flood pool is evacuated.

Factors considered in the development of the 1975 Jamestown-Pipestem flood control
regulation plan can be summarized in the following paragraphs (as extracted from the
1985 Pipestem Reservoir Regulation Manual).

(a) Channel capacity below Jamestown and Pipestem Dams is very restricted.  The
minimum downstream nondamaging channel capacity is about 450 cfs.
Combined releases would have to be limited to less than 450 cfs in order to
eliminate contributions to downstream damaging flows.  While this is a normal
objective in the development of regulation schemes, it becomes impracticable
when significant amounts of flood control storage are accumulated due to the
evacuation requirements.

(b) Although some urban flooding is apt to occur in the City of Jamestown with flows
in excess of 750 cfs, this is a flow level target whenever it becomes evident that
satisfactory flood storage evacuation will not allow the 450 cfs downstream
channel capacity release to control.  Even higher rates may be required at times.
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(c) Urban flooding becomes significant when Jamestown flows exceed 1,800 cfs.
Prudent regulation requires that this be the maximum flow rate at any time flood
control storage space remains available in the reservoirs.

(d) Design of the Jamestown project requires that the upper half of the flood control
pool be available to assist in controlling the spillway design flood.  Therefore,
regulation should be based on evacuating this upper zone at maximum allowable
rates (1,800 cfs at Jamestown) and its evacuation should have priority over
releases from Pipestem Reservoir.  The Pipestem spillway was designed
assuming a full flood pool.

(e) The achievement of a moderate reserve of flood control storage space in
Pipestem Reservoir for control of subsequent flooding, should have precedence
over complete evacuation of Jamestown flood control storage space.  A reserve
equivalent to about one-quarter of the total flood control storage space (elevation
1489 to elevation 1496.3) would appear quite adequate.  Regulation should be
based on evacuating this upper zone at the maximum allowable rate of 1,800 cfs
at the Jamestown gage, provided the upper half of the Jamestown flood pool is
evacuated.

(f) Evacuation of all flood control storage space from both Pipestem and Jamestown
Reservoirs should normally be completed prior to the onset of the winter season
when ice can be expected to severely restrict the downstream channel capacity.
Flows should be maintained as high as 1,800 cfs at the Jamestown gage if
necessary to assure evacuation.  However, at times prudent regulation may
require the carry-over of minor amounts of flood control storage through the
winter season in preference to increasing downstream flows.  Evacuation with
flow rates maintained in excess of the downstream channel capacity (450 cfs)
should be based on the total storage remaining in the combined Pipestem and
Jamestown Reservoirs and the time remaining in the winter season.

(g) The Arrowwood Wildlife refuge is located within the Jamestown Reservoir area
and is subject to increasing damage with sustained high reservoir levels.  The
Jamestown project was developed with the intent of providing the most effective
flood control to downstream areas.  However, to the extent practical, an effort
should be made to evacuate storage from the refuge area by giving priority to this
over Pipestem storage evacuation.  For this reason, releases from Pipestem will
be limited to a maximum of 100 cfs while its pool level is below 1478.2.

(h) In order to give more assurance to the evacuation of storage space at moderate
downstream flow rates, as well as providing additional space for the control of
future flooding, evacuation of additional space more than given in d and e should
be scheduled at the intermediate 750 cfs flow rate past Jamestown.  Evacuation
of combined flood control storage to about the 100,000 acre-feet level would
appear appropriate.  This is equivalent to pool elevation 1440 at Jamestown and
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a Pipestem pool elevation of 1478.2.  The Jamestown pool elevation of 1440 is
also a level where the Arrowwood Refuge would be at least partially operable.

(i) Evacuation of minor amounts of storage contained in the reservoirs should be at
rates up to the downstream channel capacity of 450 cfs unless higher rates are
warranted for storage evacuation prior to formation of a downstream ice cover.

2.6.3 Review of Historical Operation.

The gates at Jamestown Dam were closed in May, 1953.  A plot of the pool elevations
and discharge for Jamestown Dam since 1954 to the present is presented as Plate 11,
Jamestown Dam Pool Elevation and Discharge.  In 1966 the conservation pool filled
and flood control releases were first initiated.  The first major spring runoff event didn’t
occur until 1969.  The maximum release for that year was 400 cfs as per the 1968 plan
of operation.  Farmers in South Dakota objected to the duration of the release, which
lasted from the first of May to the end of August.  No significant runoff events occurred
from 1969 until following the completion of Pipestem Dam.

The gates at Pipestem were closed  in July of 1973.  A plot of the pool elevations and
discharge for Pipestem Dam from 1974 to the present is presented as Plate 12,
Pipestem Pool Elevation and Discharge.  The conservation pool filled in May of the
following year, 1974.  From 1974 to 1993, the beginning of a series of wet years, the
maximum combined release was 450 cfs.  There were 3 years in this time span, 1979,
1983, and 1987 when releases could have been increased to 750 cfs if the 1975 plan of
operation had been followed.  Because of reports of basement seepage from several
houses in Jamestown, releases were held to a maximum of 450 cfs.

Beginning in 1993, record amounts of runoff into the reservoirs resulted in record high
releases and record pool levels, as shown in Table 2.4, Jamestown and Pipestem
Releases Since 1953.  In addition, plots of the Historic Annual Flow Volumes are shown
for the James River at Jamestown, Columbia, and Huron (Plate 13),  Jamestown (Plate
14), Columbia (Plate 15), and Huron (Plate 16).

TABLE 2.4 – JAMESTOWN AND PIPESTEM RELEASES SINCE 1953

Calendar
Year

Maximum Jamestown
Discharge

(CFS)

Maximum Pipestem
Discharge

(CFS)

Maximum Combined
Discharge

(CFS)
1953 0 --- 0
1954 5 --- 5
1955 15 --- 15
1956 0 --- 0
1957 0 --- 0
1958 13 --- 13
1959 101 --- 101
1960 0 --- 0
1961 2 --- 2
1962 0 --- 0
1963 76 --- 76



CHAPTER 2 – PROJECT BACKGROUND

2-12

TABLE 2.4 – JAMESTOWN AND PIPESTEM RELEASES SINCE 1953

Calendar
Year

Maximum Jamestown
Discharge

(CFS)

Maximum Pipestem
Discharge

(CFS)

Maximum Combined
Discharge

(CFS)
1964 2 --- 2
1965 260 --- 260
1966 400 --- 400
1967 250 --- 250
1968 30 --- 30
1969 400 --- 400
1970 0 --- 0
1971 150 --- 150
1972 173 --- 173
1973 15 --- 15
1974 350 125 475
1975 350 310 488
1976 200 250 316
1977 0 0 0
1978 300 150 300
1979 350 200 450
1980 100 84 116
1981 75 98 98
1982 200 100 300
1983 489 182 489
1984 195 200 327
1985 53 100 100
1986 208 100 308
1987 359 140 459
1988 43 200 200
1989 0 40 40
1990 0 0 0
1991 0 0 0
1992 22 117 117
1993 718 568 1002
1994 712 303 712
1995 878 616 1057
1996 1169 610 1270
1997 1702 769 1770
1998 399 357 512
1999 736 366 764

*Maximum discharge for Jamestown and Pipestem Dams may not occur on the same date.

2.6.4 Deviations from the 1975 FWA.

Under normal conditions, the water control plan is followed.  However because of
changed channel capacities, unusual hydrologic conditions, or changes in damage
potential, a deviation from the water control plan may be appropriate.  A deviation
requires the approval of a Corps of Engineers Division office, which for these projects
would be Northwest Division.

From 1993 to 1999 deviations have been made every year from the approved water
control plan.  Although the justification for these deviations have been different every
year they all have included some or all of the following reasons.
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(a) Avoid reaching an elevation at Jamestown that would require a 1800 cfs release
that would exceed the channel capacity through the City of Jamestown.

(b) Evacuate storage quicker and lessen the peak pool level at Jamestown Dam
because of dam safety concerns.

(c) Push water through South Dakota as quickly as possible to allow flooded areas a
chance to drain before wintertime.

In 1997 emergency levees were constructed through Jamestown that allowed an 1800
cfs release with a minimum of damage.  Therefore the threat of the 1800 cfs release is
no longer as serious as it once was.  In addition the USBR constructed a toe drain and
placed a filter blanket at Jamestown Dam.  These actions have reduced the structural
dam safety concerns at this project.  However, Jamestown Dam is still considered
hydraulically deficient in that it cannot safely pass the Probable Maximum Flood (PMF).
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3.1 INTRODUCTION.

There are six (6) main geographic areas that are influenced by the operation of
Jamestown and Pipestem.  These sites include:

(1) Arrowwood National Wildlife Refuge (NWR).
(2) City of Jamestown.
(3) Rural Area, North Dakota.
(4) North Dakota Lake NWR
(5) Sand Lake NWR.
(6) Rural Area, South Dakota.

Each of these areas is discussed in the following paragraphs.

3.2 ARROWWOOD NWR.

Since the conservation pool at Jamestown Reservoir was first filled in 1965, the
operation of the reservoir has had significant effects on refuge water management.  The
operating plan for Jamestown Reservoir required Arrowwood’s impoundments to be
subject to periodic flooding to 1454.0, the top of the flood control pool.  Flood control
operations of Jamestown Reservoir have cumulative effects on refuge management
which increase as depth and duration of storage increase.  In addition a joint use pool
was established at 1432.67.  Table 3.1, Elevations of Structures at Arrowwood NWR,
demonstrates how impounding water even to the top of joint use pool at Jamestown can
limit water management at the refuge.

TABLE 3.1 – ELEVATIONS OF STRUCTURES AT ARROWWOOD NWR.
Location Spillway Elevation Invert of Outlet Works
Arrowwood 1436.69 1431.78
Mud Lake 1435.90 1431.22
Jim Lake 1435.90 1431.54
Depuy 1436.40 1430.65

In addition, inspection of Plate 16, Profile of Arrowwood NWR in Relation to Jamestown
Reservoir Elevation, shows how low in the flood pool the refuge is positioned.  More
detailed information on the impact of Jamestown Reservoir on the Arrowwood NWR is
contained in Appendices B and C.

3.3 CITY OF JAMESTOWN.

When Jamestown and Pipestem Dams were constructed the channel capacity through
the City was capable of handling the design discharge of 1800 cfs.  Since Pipestem
Dam was closed in July of 1973, up until 1993 there was a steady reduction in the
downstream channel capacity.  Up until 1993 combined releases from Jamestown and
Pipestem Dams had been limited to 450 cfs.  Releases were limited because of
complaints about basement seepage from houses adjacent to the James River.  From
1993 until the present combined releases exceeding 450 cfs have been made.
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Reference Table 4, Jamestown and Pipestem Releases Since 1953 for a complete
record of these releases.  Since 1993 the downstream channel has been restored to
nearly its original capacity of 1800 cfs through channel clearing, removal of a bridge,
and constructing channel blocks.  In 1997 combined releases of 1800 cfs were made
following construction of emergency levees.  The channel capacity through Jamestown
as it stands today can be summarized in the following paragraphs.

In the channel below Jamestown Dam to the confluence with Pipestem Creek isolated
complaints of basement seepage are received at Jamestown Reservoir releases of up
to 1200 cfs.  At flows of 1200 cfs water begins to back up storm drains and into city
streets.  The city must install storm sewer plugs.  Seepage into the sanitary sewers
increases.  As flows approach 1300 cfs water begins to reach emergency levees left
over from 1997 and is very close to touching the low steel of bridges.  Above 1200 cfs,
reconstruction of levees built during the 1997 flood would be required in order to release
1800 cfs without causing significant damages.

Once releases reach 650 cfs from Pipestem Reservoir water begins to inundate septic
tank drainfields at two houses in the channel below Pipestem Dam to the confluence
with the James River.  At a release of 750 cfs both drainfields are submerged.  Based
on new floodplain insurance maps it appears that a release of 1800 cfs from Pipestem
Dam can be made without impacting structures.  The only know constriction in the
channel below Pipestem Dam appears to be a county road bridge just off project land.

The channel below the James River and Pipestem Creek confluence to where it leaves
the city appears to have capacity in excess of 1800 cfs.

3.4 RURAL AREA, NORTH DAKOTA.

Within the reach below the City of Jamestown to the North Dakota/South Dakota state
line, flooding is mostly restricted to farmland.  Channel capacity is in the 1000 – 2000
cfs range from Jamestown to near Oakes.  Spring flooding does occur in this area but it
occurs in March or early April and there is usually enough time for the bottomland to dry
out before spring planting.  Beginning at Oakes the slope of the river flattens out,
channel capacity is reduced, flooding problems become more frequent and they last
longer.

3.5 DAKOTA LAKE NWR.

The 2,784-acre Dakota Lake NWR is located in southeast Dickey County North Dakota,
behind a dam located a half mile north of the state line.  The Dam elevates the water
surface approximately a foot, creating a 1,000-acre pool in the floodplain and flooded
old meanders of the James River.
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3.6 SAND LAKE NWR.

Sand Lake NWR is situated just south of the state line, in the middle of the Lake Plain
Region.  The refuge lakes act as a buffer, storing runoff from North Dakota and
releasing the runoff over a longer period of time.  Most of the impacts to the refuge from
flood flows are higher pool levels that hinder refuge management objectives and cause
damage to refuge dikes.  High pool levels are not desirable during the growing season
and also limit the refuge’s ability to draw down the lakes prior to winter.

3.7 RURAL AREA, SOUTH DAKOTA.

Flooding has plagued the James River in northern South Dakota throughout recorded
history.  Because the river valley is so flat, flow is sluggish and floodwater tends to
spread out for great distances across farmland.  A number of studies have been
conducted in this area.  The State of South Dakota legislature recognized this problem
as far back as January 1921, when the 17th legislative session met and authorized a
study on drainage and flood control in the James River valley.

All of these studies have recognized similar problems in the James River basin in South
Dakota.  The primary factors contributing to flooding are; 1) the river gradient in South
Dakota is extremely flat; 2) the James River, rather than increasing in channel capacity
as it travels downstream, sometimes decreases in capacity; and 3) the contribution of
tributary runoff to the James River is frequently much larger than releases from the
projects at Jamestown.  Each of these factors is discussed in detail below.

3.7.1 Extremely Flat Gradient of the James River.

The James River has the flattest gradient of any river its length in North America.  There
is a drop of 330 feet from the headwaters in Wells County, North Dakota, to the South
Dakota border, a distance of about 273 miles.  The river falls only about 130 feet
through the next 474 miles across South Dakota.  The river channel is so level that it
takes several weeks for water to travel the length of the state.  A majority of tributary
streams have steeper gradients that the James.  Plate 10 shows the gradient of the
James River and the Tributaries.  The Elm River enters the James River downstream
from the Sand Lake Refuge near Columbia.  Flood discharges from the Elm sometimes
flow in both the upstream and downstream direction after entering the main channel.  In
years of extreme flooding, flows in the upstream direction in the James River have
actually spilled into the Sand Lake National Wildlife Refuge.  As the rate of inflow from
the Elm River is reduced, flows in the main channel reverse to the downstream
direction.  Because of the extremely flat terrain throughout the James River basin in
South Dakota, many weeks are required for high flood flows to drain from the basin.

3.7.2 James River Channel Capacity.

Another unique feature of the James River is the reduction in channel capacity as the
river travels downstream from LaMoure, North Dakota, into the lake plain area
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(Columbia to Redfield) of South Dakota.  Table 3.2 provides a comparison of existing
river channel capacities for selected locations along the river.

TABLE 3.2 –CHANGING CHANNEL CAPACITIES IN THE JAMES RIVER
Channel Capacities (c.f.s.)

Location 1944 1980 1985
Sand Lake Outlet 400 200 150
Columbia Gage 1,500 700 475
Tacoma Park 1,500 425 400
U.S. Highway 900 300 325
Moccasin Creek Confluence 800 400 250
Stratford Gage 1,000 500 400
Mud Creek Confluence 1,000 1,000 1,000
Ashton 900 1,700 1,900
Snake Creek Confluence 3,000 3,000 2,150
James River Div. Dam 3,200 3,800 2,850
Huron Gage 3,200 3,000 2,800
Forestburg Gage 3,200 3,400 2,500
Mitchell Gage 2,200 2,000 3,300
State Highway 42 2,400 2,600 2,800
State Highway 44 3,800 3,400 3,200
Olivet 3,800 2,800 3,800
Scotland Gage 2,300 2,600 4,000
Johnson Bridge 10,00 10,000 10,000
Sources: USACE, 1944; MRBC Technical Paper, 1980; USACE, 1985

In 1989, the USBR published a study of the James River that presented channel
capacities considerably lower than previous investigations.  The channel capacities in
the 1989 study were derived using a different criteria that the other studies and for this
reason are not listed.  The USBR data is not specific to a particular gage or location and
are based on the flow in which 90% of the cross sections did not exceed their bankfull
capacity.  The USBR data is based on 3,100 cross sections along the river.

In addition to the extremely flat gradient, sediment deposits from tributaries affect the
channel capacity of the James River, log jams, and encroachment by vegetation.  The
most constricted stretch of the James River runs from southwest of Oakes to near
Ashton.  This reach of the river contains many oxbows and natural and man-made river
obstructions that trap sediment and impede streamflow.

3.7.3 Contribution of Tributary Runoff.

The contribution of tributary runoff into the James River in South Dakota can be
significant and many tributaries can far exceed releases from Jamestown and Pipestem
Dams.  This is most evident at the Elm River where it enters the James River near
Columbia, South Dakota.  During periods of heavy runoff, flows can actually move
upstream on the James River as flows enter from the steeper Elm River.  The
contribution of tributary runoff is shown on Plates 13, 14, 15, and 16, Historical Annual
Flow Volumes.
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4.1 RANGE OF ALTERNATIVE OPERATING PLANS CONSIDERED.

The operating alternatives that were investigated fall under six (6) broad categories.
Under each of these broad categories are countless different variations, depending on
the magnitude and timing of the release.  Around 158 of these variations were actually
simulated.  Figure 4.1 shows five of the six operating plans considered.  The sixth

Figure 4.1 – Operating Plans Considered

operating plan (not illustrated) named the Flexible release plan, is a combination of the
existing and constant release plans.  The plans were are, 1) Existing plan (variable
release), 2) Variable release, then constant minimum, 3) High early release then
reduced, 4) High spring release, low summer, and then high fall, 5a) Constant release

1 93 185 277
SPR SUM FAL WIN

1 93 185 277
SPR SUM FAL WIN

1 93 185 277
SPR SUM FAL WIN

1 93 185 277
SPR SUM FAL WIN

1 93 185 277
SPR SUM FAL WIN
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(2) Variable Release, then Constant Minimum(1) Existing Plan (Variable Release)

(3) High Early Release; then Reduced

(5a) Constant Release through Nov. 15 (5b) Constant Release through Mar. 15

(4) High Spring Release, Low Summer, then High Fall
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with November 15 target, 5b) Constant release with March 15 target, and 6) Flexible
release.  A computer model was developed to simulate the operation of the reservoirs
under each of these alternatives and many of their variations.  Once the model was set
up, the reservoirs were “operated” for the period of record using historic inflows and
downstream incremental flows for the years 1954 to 1997.  This generated a synthetic
historic record consisting of daily values for reservoir elevations and discharges.  This
section will discuss the alternatives and will show samples of the output from the
simulation model.  For purposes of understanding the release pattern of each of these
categories, a detailed description follows.  Along with this discussion graphical
examples of the output of the simulation model for 1987 and 1997 are presented in the
following paragraphs.

4.1.1 Actual Operation.

The different alternative operating plans can be compared to the actual historic
operation to give a better understanding of the release criteria and the performance of
the computer simulation model.

Figure 4.2 - Actual operation for 1987 and 1997.

In Figure 4.2 the plots show the combined release in cubic feet per second (cfs) from
Jamestown and Pipestem Dams for the years 1987 and 1997.  The year 1987 was a
year when runoff was slightly above average and the year 1997 was much above
average.  The actual operation deviated in both years from the 1975 Field Working
Agreement (FWA).  In 1987, the 1975 FWA called for a release of 750 cfs while the
maximum actual release that was made was only 450 cfs.  In 1997, higher releases
were made earlier than what was called for in the 1975 FWA in the hope of avoiding the
need to make an 1800 cfs release.  Also higher releases were held later in the season
in order to “get the water out” in the hope of allowing the flooded land in South Dakota
time to drain before winter.

4.1.2 Existing Plan (Variable Release).
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This operation alternative reflects as closely as possible the current plan of regulation
as stated in the 1975 FWA.  A summary of this plan is discussed in Section 2.6.2.e, with
the complete 1975 FWA included in Appendix D.

Figure 4.3 - Releases under the existing plan for 1987 and 1997.

In Figure 4.3 the two plots show the computer simulation of releases for 1987 and 1997
strictly following the 1975 FWA  The model does a good job of following the 1975 plan.
Comparing these plots to Figure 4.2 shows that the actual operation was only slightly
different.

4.1.3 Variable Release, then Constant Minimum.

This alternative starts out similar to the existing plan (see Section 4.1.2. Existing plan).
Releases are set according to the pool elevation of the reservoirs, 1800 cfs (top level),
and 750 cfs (mid level).  Once the reservoirs drop below the mid level requiring a
release of 750 cfs, the simulation model determines a constant release that will
evacuate both pools by November 15.  The magnitude of this release is dependent on
how much time remains in the season to evacuate the remainder of the storage in the
flood pool.  This alternative managed to get rid of all excess floodwaters by November
15, even in 1997.

Figure 4.4 - Variable release, then constant minimum, for 1987 and 1997.
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In Figure 4.4 notice that this alternative starts out nearly identical to Figure 4.3-Releases
under the existing plan for 1987 and 1997.  Then, as the pool elevation drops below the
level requiring 750 cfs, releases are reduced to a constant minimum instead of the
combined 450 cfs required by the existing plan.  In the year 1987 the pool dropped
below the 750 cfs level early in the year resulting in a low constant release of 250 cfs.
On the other hand, 1997 was much wetter requiring a constant release of over 600 cfs
to evacuate the remainder of the storage.

4.1.4 High Early Release, then Reduced.

As the flood pool fills up, releases are increased as quickly as possible without
exceeding inflow up to a maximum pre-determined level.  This release is maintained
until the storage is either completely evacuated or reduced to a level allowing a low
minimum release the remainder of the season.  Runs were made using 750 cfs, 900 cfs,
1300 cfs, and 1800 cfs as maximum discharges and reduced rates of matching inflow,
100 cfs, 200 cfs, 300 cfs, and 350 cfs.

Figure 4.5 - High early release of 1800 cfs until flood storage evacuated for 1987 and 1997.

Releases under the alternative shown in Figure 4.5 are set at 1800 cfs until the flood
storage is completely evacuated.  After the flood pool is emptied, releases are set to
pass inflow.  All variations under this alternative with the exception of “750 cfs”
managed to evacuate all storage in the flood zone.  The “750 cfs” variation failed to
empty the flood pool in 1997.

4.1.5 High Spring Release, Low Summer, and Then High Fall.

This alternative attempts to evacuate water stored in the flood pool by making a high
early spring release, reduced summer release, and followed by a high fall release.  This
alternative is simple in operation, but has so many possible variations that it was not
feasible to run them all.  Six different items can be varied under this alternative as
shown in Table 4.1.
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TABLE 4.1 – SIX (6) VARIABLES AND THEIR VALUES.
UNDER THE HIGH SPRING RELEASE, LOW SUMMER, THEN HIGH FALL ALTERNATIVE.

Spring Start Summer Reduce Fall Increase
(1) Date (2) Rate (3) Date (4) Rate (5) Date (6) Rate
01Mar 1800 01Apr 100 01Aug 1800

1300 07Apr 200 07Aug 1300
900 14Apr 300 14Aug 900
750 21Apr 21Aug 750

01May 01Sep 600
450

After some initial screening and eliminating combinations that were known not to work,
the above possibilities were reduced to 32 variations.  These are shown in Table 4.2.

TABLE 4.2 – SIX (6) VARIABLES AND THEIR SCREENED VALUES.
UNDER THE HIGH SPRING RELEASE, LOW SUMMER, THEN HIGH FALL ALTERNATIVE REDUCED

TO 32 WORKABLE COMBINATIONS.
Spring Start Summer Reduce Fall Increase

(1) Date (2) Rate (3) Date (4) Rate (5) Date (6) Rate
01Mar 1800 01Apr 100 01Aug 1800

750 01May 300 01Sep 900

This alternative is an attempt to pass the bulk of the stored water through the system
outside the growing and harvesting season.  The early spring release is reduced in time
to allow fields that had been flooded by the spring snowmelt to drain.  The summer
release is low enough to avoid reflooding fields during the growing season.  The high
fall release is intended to evacuate the remainder of the water in the flood storage pool
after the harvest had been completed.

The workability of this alternative varies with the length of the spring, summer, and fall
release seasons.  Since each variation of this alternative is capable of releasing a
calculated volume of water, and since each year of record at the two reservoirs
represents a historic volume of water, just over half of the 1800 possible variations were
eliminated “volumetrically”.  Other variations failed due to “timing” problems from large
inflows occurring at times when the reservoirs could release only small volumes.  The
number of “working” variations was reduced to 21 of which some of these failed in 1997.
However since 1997 was such an unusual year, it was not allowed, by itself, to
determine the workability of an individual variation of this alternative.
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Figure 4.6 - High spring release (March 1 1800 cfs), low summer (May 1 100 cfs), then high fall
(September 1 1800 cfs) for 1987 and 1997.

Releases under the alternative shown in Figure 4.6 are set at 1800 cfs in March until
May 1, or when the flood storage is completely evacuated.  Beginning May 1 releases
are set at 100 cfs or to pass inflow for the remainder of the summer months.  Then in
September releases are again increased to 1,800 cfs, if needed to evacuate the
remaining water in the flood zone.  This plan managed well the 1987 and 1997 volumes.

4.1.6 Constant Release.

This alternative has two variations, 1) Constant release with a November 15th target
date, and 2) Constant release with a March 15th target date.  This alternative maintains
as near a constant combined outflow as possible to arrive at November 15th or March
15th with both flood pools empty each year.  The computed outflow from each reservoir
is apportioned according to the percentage of its flood pool that is filled.  New
computations are made each day, taking into account new inflow, evaporation, outflow,
and the number of days remaining to evacuate the remainder of the storage.  A
"forecast replacement factor" (FRF) is used to exaggerate the degree of flood pool
storage which remains each day.  This takes the place of forecasting future inflows and
works surprisingly well.  It is effective and yet non-sensitive.  A value of 1.5 seemed to
work best.  This alternative worked very well, and never exceeded 1100 cfs when
releasing.

Figure 4.7 - Constant release with November 15th target date for 1987 and 1997.
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In Figure 4.7 a release of 300 cfs was sufficient to evacuate the flood storage in 1987
while it took 1000 cfs in 1997.

Figure 4.8 – Constant release with March 15th target date with dampening for 1987 and 1997.

Figure 4.8 shows that by changing the target date to March 15th and allowing winter
releases, the maximum release in 1997 was reduced from 1000 cfs using the November
15 target date, to 700 cfs using the March 15th target date.

4.1.7 Flexible Release.

The flexible release alternative is dependent on changing hydrologic conditions from
year to year.  Conditions each year will be evaluated in the spring and discussed at the
planned agency meetings.  The plan selected for that particular year will be dependent
on the following criteria, a) the forecasted runoff into the reservoirs and b) agency
feedback.  Although there is not an exact definition of each runoff year scenario, a guide
has been developed to help understand these scenarios.  The flexible release
alternative has been separated into four typical runoff year scenarios, (Figure 4.9) with
the proposed method of operation for each type of  year included;

• Low Flow Years – Combined inflow volume for water year 0 – 35,000 acre-feet (AF).
This operation plan uses a constant release from both Pipestem and Jamestown
Reservoirs.

• Lower Medium Flow Years – Combined inflow volume for water year 35,000 –
90,000 AF.  This operation plan is defined as the existing plan at Jamestown with a
constant release at Pipestem.

• Upper Medium Flow Years - Combined inflow volume for water year 90,000 –
160,000 AF.  This operation plan uses the existing plan at both Pipestem and
Jamestown Reservoirs.
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• High Flow Years - Combined inflow volume for water year exceeds 160,000 AF.
This operation plan is defined as the existing plan at both Pipestem and Jamestown
Reservoirs.

Further description of each runoff year is included in the following paragraphs.

4.1.7.a Low Flow Years.

In very low flow years where the water year runoff volumes range from 0 af to 35,000
AF, very little snowmelt runoff occurs.  In low flow years enough runoff occurs from
snowmelt and rainfall to push the pool level at Jamestown Reservoir only a few feet
over the base of the joint use pool, and up to 10 feet over the base of the Pipestem
Reservoir flood pool elevation.  Low flow years are generally very dry years when
downstream flow augmentation is desirable for both environmental, water quality and
water supply reasons.  This is accomplished by giving priority to Jamestown releases,
and where necessary, make releases up to the level called for by the existing plan.  The
existing plan calls for initial releases from Jamestown Reservoir of up to 450 cfs,
depending on inflow to Pipestem Reservoir.  Once Jamestown Reservoir pool levels
have been dropped to an acceptable level a minimum release from Pipestem and
Jamestown is set to provide downstream low flow augmentation of 50 to 100cfs.  The
amount of the release is determined by the water in storage following the spring
snowmelt, rainfall, and the length of time that the release would last.
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4.1.7.b Lower Medium Flow Years.

In medium flow years where water year runoff volumes range from 35,000 to 90,000 AF
the existing plan is adequate to evacuate water stored in the Jamestown flood control
pool down to the top of joint use pool, by June 1.  During these same medium flow
years Pipestem pool elevation generally peaks out at between 1455 ft-msl to 1460 ft-
msl.  At this elevation Pipestem contains approximately 15,000 to 24,000 AF or 11% to
20% of the flood pool.  Since the peak pool level generally occurs between the end of
March and the first part of April, this is enough water to provide a release of between 50
cfs to 100 cfs for up to 150 days or from April to August.

4.1.7.c Upper Medium Flow Years.

In upper medium flow years where water year runoff volumes range from 90,000 to
160,000 AF, the existing plan at both reservoirs is desirable.  During upper medium flow
years the peak pool level at Jamestown, under the existing plan, generally falls between
elevation 1438 ft-msl and 1445.6 ft-msl.  Releases from Jamestown are therefore still at
the 450 cfs to 750 cfs level.  In these upper medium flow years the peak pool elevation
at Pipestem ranges from 1460 ft-msl to as high as 1483 ft-msl.  At elevation 1483 ft-msl,
Pipestem storage in the flood control pool, amounts to 80,000 AF.  This is
approximately 61% of the flood control storage.

Variables to consider during these years would be making higher releases than 450 cfs
out of Jamestown to avoid reaching elevation 1440 ft-msl which requires a 750 cfs
release.  This could take the form of a 550 cfs release at elevation 1436 ft-msl and a
650 cfs release at elevation 1438 ft-msl.  In this plan, Pipestem would be used to offset
any resulting additional downstream damage, by storing water in the flood control pool
and making a minimum constant release.  This plan would need additional modeling
and the amount of water that could be safely stored would have to be studied.

4.1.7.d High Flow Years.

Total runoff volume in high flow years would exceed 160,000 AF.  In these years the
pool elevation at Jamestown can exceed 1445.4 ft-msl.  At this elevation 50% of the
storage in the flood control pool at Jamestown Reservoir is occupied.  When these
conditions exist the dominant objective in making releases becomes dam safety.  Due
to the design of Jamestown Dam, a release of 1800 cfs is considered mandatory.
There is no flexibility in the operating plan and the existing plan will be followed.

4.2 DESCRIPTION OF REACHES.

For modeling purposes, the James River main stem was subdivided at stream gage
locations into ten reaches as shown in Table 4.3.  Three major tributaries were included
in the model for purposes of analyzing tributary flood storage benefits to the main stem.
Tributaries included were the Elm River (Reach 5), Snake Creek (Reach 7), and Turtle
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Creek (Reach 7). All other tributaries were not simulated, but their contributing inflows
were estimated by subtracting the daily flows at the upstream gage and the tributary
inflows from the downstream gage.  The location of these reaches is shown on Plate 18,
James River Study Reaches.

TABLE 4.3 – JAMES RIVER REACHES
Reach Location Length (Miles) Tributaries Modeled

1 City of Jamestown 7 None
2 Jamestown to LaMoure 40 None
3 LaMoure to Stateline 33 None
4 Stateline to Columbia 25 None
5 Columbia to Stratford 79 Elm River
6 Stratford to Ashton 45 None
7 Ashton to Redfield 19 Snake Creek, Turtle Creek
8 Redfield to Forestburg 105 None
9 Forestburg to Scotland 134 None
10 Scotland to Yankton 55 None
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5.1 PROCESS.

The study examined the effects of the different operating alternatives on the major
resources in the James River Basin.  Included in these resources are;

(a) Flood Damages.
• Urban flood damages (City of Jamestown).
• Agricultural flood damages (North and South Dakota).
• Flood damages to infrastructure.
• Recreation Damages.
• Damage from extreme events.

(b) Environmental impacts.
(c) Cultural and Archaeological impacts.
(d) Erosion.

5.2 FLOOD DAMAGES ALONG THE JAMES RIVER IN NORTH DAKOTA AND
SOUTH DAKOTA.

The economic damages due to flooding along the James River were computed using
the Agricultural Flood Damage Analysis Model (AFDAM), which was developed by the
Omaha District of the U.S. Army Corps of Engineers. AFDAM model is based on the
period of record approach for estimating average annual flood damages. That approach
to flood damage analysis consists of assessing flood damages based on a period of
continuous streamflow rather than on a probabilistic methodology. Continuous
streamflows can be obtained from actual historical record or can be synthesized. This
method has the advantage for estimating agricultural flood damages in that it is
intuitively simple to understand and it is relatively easy to incorporate the effects of
duration of flooding and time of year into the crop damage calculations. Additional
details on inputs, outputs, and operation of these models are provided in Appendix A,
Hydrology.

The AFDAM model performs the following tasks:

(a) Determines the daily discharges in each reach of the river for the entire period of
simulation.

(b) Using discharge-flooded area relationships for each reach, determines the daily
flooded areas for each reach.

(c) Based on percent of crop type for given stages, determines the area of each crop
type that would be inundated.

(d) Once the acres flooded for each crop type are known, the percent crop loss is
estimated based on time of year, duration of flooding and recovery period.

(e) All possible combinations of flooding length and the recovery period are
searched to estimate the maximum damage potential for each year.

(f) Annual maximum infrastructure damage for the reaches below Jamestown was
calculated as a percentage of agricultural damages.
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For determining urban, agricultural, and infrastructure damage, values of economic
variables in the AFDAM model were determined for the three reaches in North Dakota
and the seven reaches in South Dakota.  The general methodology is provided here;
details are provided in the Economic Analysis Appendix.

5.2.1 Urban Damage.

Urban damage is confined to Reach 1, the City of Jamestown.  It consists of damage to
structures and contents; appurtenant structures and items stored externally to the
structure; urban infrastructure, including transportation and utilities; and emergency,
evacuation, and cleanup costs.  A previous land use survey was updated in September
1993 and May 1998.  Land use survey data was recorded on each building regarding
stationing along the James River; activity type; structure value based on structure type,
construction material, size, age, and condition; content value as a percentage of
structure value; adjacent ground elevation; and first floor elevation.  Estimated damages
to structures and contents for different James River flows were calculated by the
Omaha District flood damage model using water surface elevations for  James River

stations throughout this 7-mile-long reach for these specified James River flows and the
land use survey data itemized above.  Based on previous Omaha District flood damage
surveys, damages to appurtenant structures, items stored externally, urban
infrastructure, and emergency, evacuation, and cleanup costs were estimated to equal
15 percent of the damages to structures and contents.

The flood damages to structures, contents, infrastructure, and appurtenant uses
resulting from various James River discharges, as computed by the Omaha District

TABLE 5.1
FLOOD DAMAGES BY DISCHARGE, JAMES RIVER AT JAMESTOWN, NORTH DAKOTA

980 cfs 1850 cfs 1870 cfs 2900 cfs 15,000 cfs
(10-year) (50-year) (100-year) (500-year) (1000-yr)

NUMBER OF STRUCTURES DAMAGED
Residential Structures 0 37 37 92 1011
Nonresidential Structures 0 2 2 6 59
TOTAL STRUCTURES DAMAGED 0 39 39 98 1070

FLOOD DAMAGES TO STRUCTURES 
   AND CONTENTS (x $1,000)
Residential Structures and Contents 0 290 295 1,744 23,150
Nonresidential Structures and Contents 0 13 13 243 4,978
TOTAL DAMAGE TO STRUCTURES 0 303 308 1,987 28,128
   AND CONTENTS (x $1,000)

DAMAGE TO INFRASTRUCTURE AND 0 45 46 298 4,219
   APPURTENANT USES (x $1,000)
(15% of structure and content damage) 

TOTAL FLOOD DAMAGES (x $1,000) 0 348 354 2,285 32,347
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model, are presented in Table 5.1.  This discharge-damage data was used in
determining the total urban damages for each flow level in Reach 1 of the AFDAM
model.

Damages resulting from basement seepage, such as occurred due to high James River
releases in the spring of 1997, were also included in the urban damages and were
determined based on a survey prepared by the City of Jamestown engineering staff and
conducted house-to-house by students from Jamestown College in the fall of 1997.  The
final basement seepage damage curve is presented as Table 5.2.

5.2.2 Agricultural Flood Damages.

Discharge versus flooded-area relationships for each reach were developed based on
stages determined by backwater analysis or from historical flood data. These
relationships were then used to compute the flooded areas for each time step.  These
relationships are presented in Table 5.3.

Five major crops were determined for each state based on information from county
extension agents.  The major crops for North Dakota were corn, soybeans/dry edible
beans, sunflowers, spring wheat, and pasture/hay.  The major crops for South Dakota
were corn, soybeans, spring wheat, winter wheat, and pasture/hay. The damage to
each crop in each reach was determined by the AFDAM model based on value per
acre; flooded acres planted to that crop; and the percentage of crop value lost based on
time of flooding, duration of flooding, and length of the field recovery period.

TABLE 5.2 – BASEMENT SEEPAGE DAMAGES FROM HIGH JAMES RIVER FLOWS
JAMESTOWN, NORTH DAKOTA

James River Flow Basement Seepage
at Jamestown Gage Damages (Dollars)

450 cfs 0
500 cfs 3,500
600 cfs 7,300
700 cfs 11,500
800 cfs 18,900
900 cfs 26,400

1000 cfs 35,100
1100 cfs 49,800
1200 cfs 64,500
1300 cfs 85,900
1400 cfs 110,400
1500 cfs 135,000
1600 cfs 161,300
1750 cfs 200,800
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The value per acre was found by multiplying the 1997 normalized crop price for North
Dakota or for South Dakota by the average yield per acre in nonflooded James River
bottomland, estimated by county extension agents and NRCS staff.  County data was

prorated by relative lengths of the James River flood plain when a reach included more
than one county.

The percent of total acres flooded for each crop were determined by reach for the
specific James River flows used in the AFDAM model.  Land uses were determined
from July 1988 color infrared aerial imagery with a scale of 1 inch to 2000 feet; aerial
photos taken during floods in 1952, 1960, 1962, 1984, and 1997; a Lower James
Conservancy Sub-District Report; a July 1988 survey that sampled 20 percent of the
potentially flooded lands; and observations of Corps staff.

TABLE 5.3
DISCHARGE VS. FLOOD AREA RELATIONSHIPS, MULTIPLE REACHES

LaMoure 
Stage          
(ft)

Stage 
(ft-msl)

Dischge 
(cfs)

Acres            
Flooded

Acres per 
River Mile 
Flooded

Stateline 
Stage        
(ft)

Stage 
(ft-msl)

Dischge 
(cfs)

Acres     
Flooded

Acres per 
River Mile 
Flooded

Columbia* 

Stage        
(ft)

Stage 
(ft-msl)

Dischge 
(cfs)

Acres         
Flooded

Acres per 
River Mile 
Flooded

6 1296.0 0 0 0 89 1289.2 0 0 0 0 1275.0 0 0 0
8 1297.5 200 1014 25 90 1289.9 200 1485 45 10 1285.1 150 350 14
8 1298.1 500 1158 29 91 1290.5 500 1932 59 11 1285.6 185 450 18
9 1299.2 1000 1413 35 92 1291.5 1000 3748 114 13 1287.8 480 980 39
11 1300.9 2000 2172 54 93 1293.0 2000 9457 287 13 1288.4 612 1250 50
13 1302.7 3000 6296 157 94 1294.2 3000 14393 436 16 1291.0 1470 3400 136
14 1304.2 4000 9481 237 95 1294.8 4000 18047 547 17 1292.1 2050 4900 196
15 1305.0 6000 14300 358 95 1295.4 6000 21863 663 20 1292.2 4730 12500 500

22 1297.5 8000 30000 1200

Stratford 
Stage          
(ft)

Stage 
(ft-msl)

Dischge 
(cfs)

Acres 
Flooded

Acres per 
River Mile 
Flooded

Ashton 
Stage           
(ft)

Stage 
(ft-msl)

Dischge 
(cfs)

Acres 
Flooded

Acres per 
River Mile 
Flooded

Redfield 
Stage        

(ft)

Stage 
(ft-msl)

Dischge 
(cfs)

Acres 
Flooded

Acres per 
River Mile 
Flooded

0 1254.3 0 0 0 0 1244.4 0 0 0 0 1236.3 0 0 0
11 1264.9 200 1500 19 8 1252.3 400 500 11 4 1244.4 500 300 16
12 1265.5 268 2400 30 9 1253.2 548 700 16 6 1245.9 813 620 33
13 1267.3 548 4600 58 12 1255.8 1170 1500 33 8 1247.6 1305 1000 53
14 1267.8 667 5300 67 13 1256.8 1470 2000 44 10 1249.9 2210 1500 79
16 1269.9 1380 8800 111 14 1258.3 2050 3000 67 17 1256.8 7070 2400 126
17 1271.2 2050 12500 158 19 1263.4 5030 11700 260 18 1257.7 8000 2500 132
20 1274.4 4810 36000 456 23 1266.7 8000 31000 689
21 1275.4 6000 52000 658

Forestbur
g Stage          

(ft)

Stage 
(ft-msl)

Discharge 
(cfs)

Acres          
Flooded

Acres per 
River Mile 
Flooded

Scotland 
Stage        
(ft)

Stage 
(ft-msl)

Discharge 
(cfs)

Acres             
Flooded

Acres per 
River Mile 
Flooded

Mouth 
Stage        

(ft)

Stage 
(ft-msl)

Discharg
e (cfs)

Acres         
Flooded

Acres per 
River Mile 
Flooded

2 1210.3 0 0 0 5 1173.0 0 0 0 - 0 0 0 0
9 1217.1 1260 2050 20 10 1178.2 2050 5200 39 - 0 2050 3000 55
14 1221.7 3390 10000 95 15 1183.0 5320 16900 126 - 0 5320 9350 170
15 1223.3 6050 13800 131 17 1185.3 8870 18900 141 - 0 8870 10850 197
17 1224.8 10400 17300 165 19 1187.1 15400 22000 164 - 0 15400 11650 212
18 1225.7 14500 19100 182 20 1187.9 22200 22800 170 - 0 22200 11850 215
19 1226.8 19600 20500 195 21 1188.5 30800 23400 175 - 0 30800 12100 220

Reach 8 - Redfield to Forestburg (105 mi)

Reach 6 - Stratford to Ashton (45 mi)

Reach 9 - Forestburg to Scotland (134 mi)

NWS Flood Stage = 13.0

NWS Flood Stage = 12.0 NWS Flood Stage = 13.0

NWS Flood Stage = 13.0

Reach 7 - Ashton to Redfield (19 mi)Reach 5 - Columbia to Stratford (79 mi)

NWS Flood Stage = 20.0

Reach 10 - Scotland to Mouth (55 mi)

NWS Flood Stage = 14.0

* Old Gage Location

Reach 2 - Jamestown to LaMoure (40 mi) Reach 4 - Stateline to Columbia (25 mi)Reach 3 - LaMoure to Stateline (33 mi)
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The percentage of crop value lost based on time of flooding was determined using days
of the water year, with 1 October as day 1 and 30 September as day 365, or depending
on leap year, 366.  A crop loss function was graphed for each crop in Reach 2, in Reach
3, and in South Dakota.  These crop loss functions are shown in Figures 5.1, 5.2 and
5.3.
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Figure 5.1 – Crop loss function for Jamestown to LaMoure

Figure 5.2 – Crop loss functions for LaMoure to State Line

Figure 5.3 – Crop loss functions for State Line to Mouth
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The crop loss function shows that the percent loss in income from flooding increases as
planting costs and cultivation costs are incurred until harvest begins, and decreases as
harvest progresses.  Planting, cultivation, and harvest costs used were from Projected
1997 Crop Budgets: South Central North Dakota, prepared by North Dakota State
University Extension Service in December 1996, and from South Dakota State
University Cooperative Extension Service publications.  Average planting and
harvesting dates were determined in consultation with county extension agents and the
North Dakota and South Dakota crop calendars.  For reaches that included more than
one county, the dates for each crop were weighted averages.

As the duration of flooding increases, an increasing percentage of the crop dies.
Mortality rates vary with the crop and time of year.  County extension agents determined
that in North Dakota, corn, soybeans and sunflowers die after 4 to 5 days; spring wheat
after 5 to 6 days; and most pasture grasses die after 14 to 30 days.  For South Dakota,
90 percent of pasture grasses die after 30 days and all other crops die within 10 days.

The recovery period is the time from when standing water leaves the field to when the
soil dries out and becomes aerobic and farmers can get equipment on the field.  The
recovery period was estimated by county extension agents and District
Conservationists.  In North Dakota, the recovery period varied from 10 to 14 days in the
summer and an additional 3 to 7 days in the spring or fall; higher temperatures reduced
dryout time.  In South Dakota, fields in Lake Plain reaches need 60 days to recover
because of low bed gradient, and the recovery periods of other reaches vary from 24 to
49 days in the summer and 35 to 60 days in the spring or fall.

5.2.3 Infrastructure Damage.

Infrastructure damage includes debris cleanup; repair to roads, bridges, and irrigation
systems; and erosion repair.  For Reach 1, the infrastructure damage was included in
urban damage.  For Reaches 2 through 10, the infrastructure damage was determined
as a percentage of the agricultural damages.  This percentage was based on an on-site
survey conducted in 1989; Corps flood damage surveys in the James River basin; Soil
Conservation Service (now the Natural Resources Conservation Service, or NRCS)
watershed studies in the James River basin; and information provided by the State of
South Dakota in a 1986 flood damage report covering eastern South Dakota.

5.2.4 Recreation Losses.

High pool elevations in Jamestown and Pipestem Reservoirs and high flows on the
James River can result in: lost recreation benefits, if recreators forego the activity;
reduced recreation benefits, if recreators derive less enjoyment from the activity; and/or
additional travel costs, if recreators travel farther to another site for the activity.  Details
of the methodology and calculations used to determine recreation losses are in the
Economics Appendix B.
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The recreation benefit values for a day of golf at Memorial Park Country Club in
LaMoure and at Jamestown Country Club were considered to be the weekday greens
fees.  Recreation benefits for reservoirs and National Wildlife Refuges (NWR) were
calculated using the Unit Day Value (UDV) method.  For Jamestown Reservoir,
Arrowwood NWR, and Sand Lake NWR, the UDV’s for General Recreation and General
Fishing and Hunting, respectively, were $5.01 and $5.61 under normal conditions and
$3.96 and $5.03 if boat ramps or auto tour trails were unusable.  The UDV’s for
Pipestem Reservoir were $4.95 and $5.56 under normal conditions and $3.86 and
$4.98 if high pool levels made boat ramps unusable.

Information was obtained from managers of local recreation areas concerning the effect
of high pool elevations or high James River flows on reduced numbers of recreators
engaging in specific activities, reduced enjoyment of these recreators, and the number
of parties and additional distance traveled by each party to engage in that activity at
another recreation area.  Additional costs for travel were estimated at $0.31 per mile for
automobiles and $0.62 per mile for camping vehicles.  For each month from April
through October, the lost recreation benefits and extra travel costs per day for each
affected activity at each affected recreation area were calculated.  These calculations
are displayed in tables in the Economic Analysis Appendix B.  The threshold discharges
at specific James River gages or the threshold Jamestown or Pipestem Reservoir
elevations which result in these impacts to recreation are also shown on these tables.

The expected annual recreation losses were then determined for four alternatives based
on losses calculated to occur during 2-year, 5-year, 10-year, 20-year, 50-year, and 100-
year flood events.  For each alternative and flood return interval, pool duration curves
and balanced hydrographs for James River gages were developed.  They indicated the
highest elevations or discharges that would be exceeded for 1, 3, 7, 15, and 30 days
during each month from April through October.  A total of 24 spreadsheets, one for each
alternative and return interval, were developed to calculate total recreation losses.  On
each spreadsheet, each daily recreation loss for each activity at each recreation site in
a given month was multiplied by the number of days during that month when the
indicated threshold water levels were exceeded, and these monthly losses were
summed to obtain the recreation losses for the year.  An example of a spreadsheet for
one alternative and flood return interval is included in the Economic Analysis Appendix
B.  For each alternative, expected annual damages (EAD) were found by tabular
integration using the year-long losses calculated for the various flood return intervals
(flood exceedance frequencies) for that alternative.  For each alternative, EAD’s for
recreation losses were calculated for each recreation site; for each reach; and for all
reaches together.  EAD’s for all reaches together were also calculated for each month,
April through October.  These EAD’s for recreation losses are presented in tables in the
Economic Analysis Appendix B.  Impacts to recreation in South Dakota below Sand
Lake NWR were not evaluated.

5.2.5 Damage from Extreme Flood Events.
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The impact of various release scenarios on extreme flood events outside the range of
flood events in the period-of-record was also analyzed.

To evaluate the effects of the release scenarios on extreme flood events, the Standard
Project Flood (SPF) was routed through the two reservoirs.  The antecedent pools were
based on the June through August pool duration curves.  This SPF is the result of late
summer thunderstorms, so consequently, this analysis looks at the impact of keeping
pool levels higher throughout the summer months on uncontrolled spillway releases.
The pool duration curves were developed from the period-of-record pool levels for the
different scenarios.  Details of the methodology for analyzing extreme flood events is
contained in Appendix A.

5.3 ENVIRONMENTAL IMPACTS.

In a given year all management alternatives will release the same volume of water.
Various alternatives represent an effort to provide the best timing of releases for all
interests along the river.

Impacts to the natural environment of the James River may occur as a result of various
approaches to water management.  However, they are likely to be negligible.  The
management regime that is most similar to natural flow conditions would have the least
impact.

River systems have developed under conditions of changing flows and stages.  In the
case of the James River, these changes tend to be more gradual and longer lasting due
to the low gradient of the channel.  Historically, there have been numerous periods of
high water such as has occurred in the 1990’s, as well as periods of drought.  The result
of extended high water is a dieback of plants in the floodplain that are not sufficiently
water-tolerant and a change in the makeup of the riverine ecosystem.  For the riverine
ecosystem, this is a natural and often beneficial event.   Natural riverine ecosystems are
ever changing and are constantly manipulated by changing flows of the river.  The
floodplain functions as part of the river providing a safety valve to handle large flows,
but the floodplain also provides organic materials and nutrients to the river for the
benefit of living organisms.  High water brings these nutrients into the river.  The death
and decay of trees and other vegetation releases nutrients into the river ecosystem that
have been bound up.  Flooding also opens the landscape to regeneration of the riparian
forest by providing bare and open ground for new growth.

The most detrimental impacts of altered flow regimes may be to the national wildlife
refuge system.  This is likely because the refuges utilize a rather precise system of
structures and management practices aimed at maximizing the production of their
wetland pools, and creating as much of an ideal condition as possible for targeted
waterfowl species.

Arrowwood, Dakota Lake and Sand Lake National Wildlife Refuges were established in
the drought years of the 1930’s to provide sorely needed habitat for waterfowl in the
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prairie pothole region of the Dakotas.  The low gradient within the James River Basin
makes this an ideal location because it is possible to develop larger habitat areas with a
small management tool, such as a levee, than would be possible on a steeper river.

Refuge management is best served by water flows similar to natural conditions, and of a
volume that can be managed to support refuge operations.  In recent wet years,
Jamestown Reservoir storage backs into the Arrowwood Refuge and greatly interferes
with water level management there. Pipestem and Jamestown Dams store peak flood
flows and release them later in the year.  This can interfere with management at the
Dakota Lake and Sand Lake Refuges.  Thus, flooding conditions, such as occurred in
recent years, diminish management options and productivity at the refuges.
Fortunately, this is offset by the abundance of wetlands that develop in the region during
wet periods.

Extreme drought will also reduce refuge productivity if there is insufficient river flow
available to fill and maintain refuge ponds.  This is likely the most critical period as there
would also be an absence of other wetland resources in the region.  Releases from the
two dams would help alleviate this at Dakota Lake and Sand Lake Refuges, but would
not benefit Arrowwood Refuge.

In so far as possible, water control measures should optimize management of the
refuges. Ideally, the refuges would be able to manage their pools without interference
from the management of Jamestown and Pipestem Reservoirs.  Those water control
alternatives that provide high water levels in the spring, followed by a period of
moderate flows, interfere least with refuge management.  Alternatives that provide for
elevated fall and winter flows interfere with refuge management in several ways.  They
allow for migration of rough fish into the refuge ponds, prevent drawdown of refuge
ponds prior to winter freeze-up, and prevent managers from draining ponds completely
to encourage spring growth of vegetation.  The presence of carp is a particular problem
for refuge managers as these fish compete directly with waterfowl by feeding on
submerged vegetation and cause turbid, murky water that inhibits the penetration of
light.  Light penetration is important to the growth of aquatic vegetation that is used by
waterfowl as food and nesting material.

An alternative that would be the least detrimental to the downstream refuges (Dakota
Lake and Sand Lake) is desirable.  Since Arrowwood Refuge is just upstream of
Jamestown Reservoir any release program that does not back water into this refuge
serves it best.  Management of the Arrowwood Refuge is limited when high water is
held in Jamestown Reservoir past mid-May.  Excess water must be moved out of
Jamestown Reservoir prior to nesting season and also in the fall when moist soil
management programs are to be implemented.

5.4 CULTURAL/ARCHAEOLOGICAL IMPACTS.

For purposes of evaluating cultural and archaeological impacts none of the alternatives
under consideration represent what could be a considered a major departure from our
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current operating plan.  Under each alternative being considered, the timing of the
releases may be altered to a small degree but the same volume of water will be
released.  The magnitude of the releases will still fall within the range of 0 to 1800 cubic
feet per second as prescribed in our current plan.  Even a high release of 1500 cubic
feet per second does not even begin to approach the flows that would occur without the
dams in place.  Therefore, it is unlikely that there would be any discernable difference
between the alternatives.  The cultural and archeological resources along the James
River are primarily affected by stream bank erosion along the James River channel.
Erosion will be discussed in the next section.

5.5 EROSION.

5.5.1 Introduction.

An effort was made to assess each alternative with respect to erosion impacts along the
channel downstream of Jamestown, North Dakota.  The sources data used were: the
U.S. Bureau of Reclamation report entitled "Missouri-Souris Projects, Garrison
Diversion Unit, James River Stabilization Study, North Dakota, July 1998;” flood routing
data provided by the Hydrology  and Water Control Section, Omaha District, Corps of
Engineers; and maps of cultural resources provided by the Economics and Social
Analysis Branch, Omaha District, Corps of Engineers.

5.5.2 Analysis.

The James River channel in this area has a relatively mild slope (1 to 2 feet per mile),
and with the control provided by both the Jamestown and Pipestem Reservoirs the
occurrence of large flows needed to transport large amounts of sediment are rare.
Therefore, alluvial processes such as channel meander and bed degradation/
aggradation occur at a very slow rate.  Although site specific erosion can be severe
(several feet per year), it generally does not alter the long-term erosion rates.
Significant erosion events are in response to extremely high flow events that exceed the
channel capacity and are of a long duration.  When these conditions exist, channel
avulsions (i.e. cutoffs) occur causing some localized channel instability while the river
adjusts to the new river length.  With the exception of the channel cutoff, the long-term
erosion rates are not significantly altered, due to the low sediment transport capability
during normal flows.

The hydrograph does not attenuate to any great extent.  Peak flows are nearly constant
at each downstream station, and average velocities do not vary a great deal.  Therefore,
erosional potential does not diminish in a downstream direction with any of the
alternatives.

High flows do not significantly impact erosion.  Sediment transport capacity will increase
exponentially with increases in velocity.  However, the data show that velocities in the
James River are low for all discharges that remain within the channel, and that at most
stations there is very little change in the average velocity as the hydrograph moves
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through.  Therefore, the only increase in sediment transport for high flows comes from
the increase in water volume.  For all alternatives this potential is the same, as the
same volume of water is being transported. Only out of bank flows increase velocities to
the point to cause major changes in the channel.

Several other factors influence the erodibility of the soil.  These factors include freeze
thaw action, vegetation cover, in situ soil moisture, etc.  Research on other streams has
indicated that the freeze thaw cycle can weaken banks and make them more erodible.
Also, wetting and drying (i.e. fluctuating flows) can also weaken the banks.  This would
indicate that a sustained high flow would have a lesser effect on erosion.  Also, if a good
vegetation cover was on the naturally sloughed material, it would be less erodible,
indicating that flows in the latter part of the growing season would be better.  However,
this is assuming that all of the available sediment would be transported out of the reach.
The slow rate of the alluvial processes indicated this is not the case.  Therefore, it is
most likely that the duration of the high flow does not impact the long-term erosion
processes.

As stated above, the velocity does not vary greatly with discharge, and thus neither
does the sediment transport capacity.  Also, the volume of water does not change from
one alternative to the other.  Therefore, it is unlikely that there would be any discernable
difference between the alternatives.

5.5.3 Conclusions.

All alternatives are essentially the same with respect to erosion potential.
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6.1 PRELIMINARY SCREENING.

6.1.1 Screening Criteria

As described previously, six broad operating alternatives were evaluated; however,
there were numerous variations on two of these alternatives. The six broad alternatives
are described in more detail in Section 4.1.  Over 150 variations were identified and
evaluated.  In order to sort through these variations efficiently, the screening process
was conducted in two phases.  The preliminary phase was conducted to quickly
eliminate those variations of alternatives that resulted in significant negative impacts or
to select the best among the variations that resulted in similar effects.  Five criteria were
initially selected for the preliminary screening process.  These criteria are described
below.

(a) Flood Damages.  Flood damages were determined for all alternatives.  This
analysis examined expected annual urban damages, crop and other rural flood
damages, and damages to recreation facilities.  The analysis also included flood
damages from high damage, low frequency flood events, however, the analysis
showed very little difference among the alternatives for these events and they
were not used in the screening.  The expected annual flood damages were
compared for all of the alternatives examined.  The alternatives with higher flood
damages were screened out of the analysis.

(b) Environmental Impacts.  The operation of the reservoirs would have varied and
complex impacts throughout the river reach.  The impacts that can be isolated
and more readily identified are the impacts that would occur to the Arrowwood
NWR upstream from the Jamestown project, and the Dakota Lakes refuge and
Sand Lake NWR downstream from the reservoirs.  These impacts can be shown
and potential mitigation requirements, if applicable, can be quantified.  The
impacts to these NWR’s were, therefore, used in the screening.

(c) Cultural and Archaeological Impacts.  Impact to cultural and archeological sites
was initially selected as a preliminary screening criterion.  As the analysis
progressed, however, it was determined that this would not play a significant role
in evaluating the various alternatives.  Cultural resources sites are primarily
affected by streambank erosion.  During the analysis, it was determined that the
erosion potential would be the same for all the alternatives examined.

(d) Erosion.  Impact on downstream erosion potential was selected as a preliminary
screening criterion.  As described in the previous section, however, erosion rates
among all the alternatives are very similar.  None of the alternatives provides any
clear advantage, in relation to erosion potential.  In fact, because of the mild
slope in the James River, the operation of the reservoirs would not have a
significant impact on erosion rates.
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(e) Dam Safety.  Dams located above populated areas are normally designed to
pass a Probable Maximum Flood (PMF) without overtopping the embankment.
Recent studies indicate that Jamestown Dam cannot safely pass the PMF
without being overtopped.  The impact that any alternative would have on the
potential for overtopping was considered in the screening process.  Any
alternative that would significantly increase the probability or magnitude of
overtopping was eliminated.

6.1.2 Evaluation of Release Scenarios on Downstream Flood Damages.

Flood damages were determined for all the various alternatives, and variations, for the
period of record -- 1955 through 1997.  About 110 of the over 150 variations originally
identified were screened out during the economic analysis.  The 45 variations that
remained for further screening under other criteria are shown on Table 6.1 below. The
reaches shown on the table are described in more detail in Section 4.2.

For the High Early Release alternative, two variations are shown in Table 6.1.  For the
High Early Release alternative, the values shown in cfs would be released until the flood
zone was evacuated.  From that date forward, only inflows would be passed until the
winter release shutdown.  Under the High Early, then Reduced Release alternative, the
first value shown would be released up to the date where releasing the second value
shown would evacuate the remainder of the storage in the reservoir by November 15.
For example, as shown in the first column and row, 1,800 cfs would be released up to
the date where releasing 100 cfs would ensure that the reservoirs would be evacuated
by November 15.  For both alternatives, there is minimal to no winter release.

TABLE 6.1 – COMPARISON OF FLOOD DAMAGES
REACH

1 2 3 4 5 6 7 8 9 10
RELEASE ALTERNATIVE City of

Jamesto
wn

Jamestown
to LaMoure

LaMoure
to

Stateline

Stateline
to

Columbia

Columbia
to Stratford

Stratford to
Ashton

Ashton to
Redfield

Redfield to
Forestburg

Forestburg
to

Scotland

Scotland
to Yankton

TOTAL

Average Annual Damages ($1000)

Existing Release Pattern
21 40 228 260 1274 356 62 641 1041 647 4570

Variable Release then Constant Minimum Release
38 36 219 270 1173 331 58 630 1031 641 4427

High Early Release
1,800 cfs 345 62 380 335 1825 541 84 714 1097 688 6073
1,300 cfs 121 53 349 317 1647 477 79 679 1064 668 5453
   900 cfs 21 48 282 294 1498 424 72 655 1047 655 4996
   750 cfs 15 55 257 288 1440 404 70 647 1046 650 4871

High Early then Reduced Release
1,800 cfs reduced to 100 cfs 419 60 361 324 1722 512 80 698 1083 679 5937

    1,800 cfs reduced to 200 cfs 368 59 327 293 1527 443 72 663 1063 662 5477
    1,800 cfs reduced to 300 cfs 368 46 311 286 1389 392 65 649 1059 658 5222
    1,800 cfs reduced to 350 cfs 368 39 286 280 1289 365 62 649 1059 658 5055
    1,300 cfs reduced to 100 cfs 146 52 326 298 1525 447 73 665 1053 660 5245
    1,300 cfs reduced to 200 cfs 130 50 297 285 1393 399 69 648 1046 653 4971
    1,300 cfs reduced to 300 cfs 130 39 272 279 1290 364 62 642 1046 650 4775
    1,300 cfs reduced to 350cfs 130 39 275 275 1280 261 61 644 1046 650 4760

    900 cfs reduced to 100 cfs 24 49 273 285 1356 392 67 645 1042 650 4783
    900 cfs reduced to 200 cfs 22 44 243 275 1261 355 62 637 1036 644 4579
    900 cfs reduced to 300 cfs 22 38 227 272 1216 341 59 636 1037 645 4491
    900 cfs reduced to 350 cfs 22 39 228 269 1216 343 59 637 1037 645 4493
    750 cfs reduced to 100 cfs 17 49 220 273 1302 375 65 637 1036 646 4619
    750 cfs reduced to 200 cfs 16 42 226 272 1223 345 60 632 1032 642 4491
    750 cfs reduced to 300 cfs 16 37 214 269 1196 336 57 632 1034 643 4433
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TABLE 6.1 – COMPARISON OF FLOOD DAMAGES
REACH

1 2 3 4 5 6 7 8 9 10
RELEASE ALTERNATIVE City of

Jamesto
wn

Jamestown
to LaMoure

LaMoure
to

Stateline

Stateline
to

Columbia

Columbia
to Stratford

Stratford to
Ashton

Ashton to
Redfield

Redfield to
Forestburg

Forestburg
to

Scotland

Scotland
to Yankton

TOTAL

Average Annual Damages ($1000)
    750 cfs reduced to 350 cfs 16 38 208 267 1198 337 58 633 1033 642 4432

High Spring, Low Summer, then High Fall Release
Mar 1,800-Apr 100-Aug 1,800 cfs 327 45 434 281 1412 421 68 648 1029 644 5309
Mar 1,800-Apr 100-Sep 1,800 cfs 311 38 404 278 1374 412 66 644 1029 644 5199
Mar 1,800-Apr 300-Aug 1,800 cfs 224 43 300 279 1425 428 70 658 1035 649 5112

Mar 1,800-Apr 300-Aug 900 cfs 162 40 204 277 1401 421 68 654 1035 649 4909
Mar 1,800-Apr 300-Sep 1,800 cfs 224 40 286 277 1401 420 67 654 1035 649 5054

Mar 1,800-May 100-Aug 1,800 cfs 258 38 366 306 1676 507 79 694 1065 667 5656
Mar 1,800-May 100-Aug 900 cfs 216 35 235 303 1649 500 77 694 1065 667 5530

Mar 1,800-May 100-Sep 1,800 cfs 254 35 363 303 1651 500 77 694 1065 667 5609
Mar 1,800-May 300-Aug1,800 cfs 230 42 337 304 1662 504 78 697 1068 669 5592

Mar 1,800-May 300-Aug 900 cfs 215 41 308 301 1647 500 77 697 1068 669 5525
Mar 1,800-May 300-Sep 1,800 cfs 230 42 345 301 1648 500 77 697 1068 669 5578

Mar 1,800-May 300- Sep 900 cfs 215 41 301 301 1647 500 77 697 1068 669 5517
Mar 750-Apr 100-Aug 1,800 cfs 295 45 452 252 1277 364 63 627 1021 638 5034
Mar 750-Apr 100-Sep 1,800 cfs 279 38 425 248 1236 354 61 623 1021 638 4923
Mar 750-Apr 300-Aug 1,800 cfs 183 44 327 250 1292 371 65 640 1033 643 4849
Mar 750-Apr 300-Sep 1,800 cfs 152 41 283 248 1268 364 63 635 1033 643 4729

Mar 750-May 100-Aug 1,800 cfs 227 39 387 265 1391 401 69 639 1032 645 5095
Mar 750- May 100-Sep 1,800 cfs 214 35 354 261 1352 390 67 635 1032 645 4984
Mar 750-May 300-Aug 1,800 cfs 137 41 300 260 1378 399 69 645 1039 647 4915

Mar 750-May 300-Aug 900 cfs 13 39 238 258 1354 391 67 641 1039 647 4688
Mar 750-May 300-Sep 1,800 cfs 137 40 304 258 1354 391 67 642 1040 647 4878

Constant Release
November 15th Target Date 5 38 196 266 1150 324 56 628 1030 640 4331

March 15th Target Date 2 32 178 264 1118 316 55 621 1024 637 4246

Flexible Release
November 15th Target Date 21 40 229 264 1256 355 62 641 1041 647 4554

No Release (for comparison purposes)
0 25 169 267 1063 302 53 608 1009 627 4123

Natural, Pre-project Conditions (for comparison purposes)
2967 140 392 545 2608 790 91 767 1135 706 10141

- Designates the chosen variation for each alternative.  These numbers are carried forward to Table 6.2, under the flood
damages section.

The High spring, low summer, then high fall release alternative would include numerous
variations of high spring and fall releases and low summer releases.  The values shown
in the first column for each variation indicate the month and amount of release in cfs.
All releases would commence on the first of the month.  For example, as shown in the
first column and row of this alternative, on March 1 releases of 1,800 cfs would begin
and continue until April 1, when releases would be reduced to 100 cfs.  Then, beginning
on August 1, releases would be increased to 1,800 cfs.

Under the flexible release plan, releases are dependent on changing hydrologic
conditions from year to year.  Conditions each year will be evaluated in the spring and
discussed at the planned agency meetings.  The plan selected for that particular year
will be dependent on the following criteria, a) the forecasted runoff into the reservoirs
and b) agency feedback.  Although there are no clear boundaries describing the type of
runoff year, a guide has been developed to help understand this alternative.  The types
of runoff years have been broken down into four main categories, with the method of
operation for each type of  runoff year included;
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• Low Flow Years – Combined inflow volume for water year 0 – 35,000 acre-feet (af).
This operation plan uses a constant release from both Pipestem and Jamestown
Reservoirs.

• Lower Medium Flow Years – Combined inflow volume for water year 35,000 –
90,000 af.  This operation plan is defined as the existing plan at Jamestown with a
constant release at Pipestem.

• Upper Medium Flow Years - Combined inflow volume for water year 90,000 –
160,000 af.  This operation plan uses the existing plan at both Pipestem and
Jamestown Reservoirs.

• High Flow Years - Combined inflow volume for water year exceeds 160,000 af.  This
operation plan is defined as the existing plan at both Pipestem and Jamestown
Reservoirs.

Table 6.1 also presents two other conditions that were used for comparison purposes.
These include a No release condition which, for study purposes, simply eliminates the
area upstream of the reservoirs from the flow conditions in the lower part of the basin.
The second condition is the Natural, pre-project, or no dams condition.  These two
conditions provide a bracket of average annual damages, ranging from $4,123,490 for
the “no release” condition to $10,141,090 for the “natural” condition.  This bracket can
be used to examine how each of the release alternatives performs in relation to flood
damage reduction.

When compared with the “natural” conditions, all the alternatives provide significant
flood reduction benefits, with benefits in the $4 million to $6 million range.  When
compared with the “no release” condition, the flood damages for the Existing release
pattern, the Variable release then constant minimum release, the Constant release, and
the Flexible release alternatives are all within 11 percent of the expected damages
under the “no release” condition.  The Existing release pattern (the current operating
plan) performs extremely well, with damages only 11 percent higher than the “no
release” condition. The High early release, then reduced release,  and the High spring,
low summer, then high fall release alternatives do not perform as well, although a few
variations of High early release, then reduced release alternative are within this 10
percent range.

As expected, the most significant damage reduction for all alternatives occurs in the first
reach, City of Jamestown.  In this reach the average annual damages of $3,000,000 are
nearly eliminated by the operation of the dams.  As one moves downstream, the
efficiency of the dams in controlling damages is reduced.

The Flexible release alternative is a blend of the constant release plan and the existing
release plan.  The flexible release plan is an effort to take advantage of the downstream
benefits of making a constant low flow release during low flow years.  These benefits
would  include water quality and fisheries enhancement, water supply augmentation,
and a small benefit to flood damage reduction.  During high flow years the flexible plan
shifts to the existing plan.  During high flow years the existing plan represents the best
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balance between upstream interests (Arrowwood NWR and dam safety) and
downstream interests (flood damage reduction).

There is considerable variation by reach in determining which alternatives are most
effective in reducing flood damages.  All the alternatives were ranked individually by
reach.  The best five for each reach were identified.  The Constant release alternatives
were ranked among the top five alternatives for ten out of ten reaches.  The Existing
release pattern, and the Flexible release alternative were ranked among the top five
alternatives for nine of the ten reaches.   The Variable release then constant minimum
release was ranked among the top five in six of the ten reaches.  None of the other
alternatives or variations was ranked among the top five alternatives for a majority of the
reaches.

The best alternatives, therefore, from a damage reduction viewpoint, would be the
Constant release, Existing release, Flexible release and the Variable release then
constant minimum release alternatives.  The alternatives were also evaluated for
environmental effects and dam safety.  The environmental evaluation and screening are
presented in Section 6.1.3 below.  The dam safety screening is presented in Section
6.1.4 below.

Additional detail on downstream flood damages is presented in Appendix A, Hydrology,
and Appendix B, Economic Analysis.  Pool elevation, pool duration and peak pool
frequency plots for Jamestown and Pipestem Reservoirs under each of the
representative alternative operating plans are contained at the end of Appendix A.  Pool
plots for selected flood years 1987 and 1995 for each of the alternatives are contained
in Appendix A as well as discharge hydrographs for selected points downstream of the
reservoirs for each of the alternatives.  The hydrographs shown are for Jamestown,
Columbia, and Huron.

6.1.3 Evaluation of Release Scenarios on Environmental Resources.

The environmental screening of the alternatives focused on the effects the alternatives
would have on the Arrowwood, Dakota Lake, and Sand Lake National Wildlife Refuges.
The most important part of the analysis is the effects the operating alternatives would
have on the ability to manipulate the water levels in the pools on the refuges.  The depth
of water during certain times of the year is critical for several reasons:

• Water level manipulations increase the ability to maximize invertebrate production.
Invertebrates are the main source of food for nesting waterfowl.  They are also one
of the main sources of food for nesting and migrating shorebirds.

• Sago pondweed is important in the diet and habitat of the migratory waterfowl that
use the refuges.  This plant grows in shallow, clear water, beginning in early June.  It
is therefore important that the growing cycle of the plant be undisturbed.

• Pools are managed for the maximum production of sago pondweed.
• Light penetration is the key to a successful crop of sago pondweed.
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• Some birds build floating nests that are anchored to the vegetation in the water.  If
the water depth becomes too great during the nesting season, the nests will break
free and the birds will abandon them.

• Other birds nest on emergent vegetation and rising pool elevations will flood the
nests if the rises occur during nesting season.

• At the Sand Lake refuge, high flows and resultant water depths during the cold
weather season allow rough fish such as carp to enter and overwinter in the refuge,
thereby creating problems for more desirable species.

• Rough fish stir up sediment and decrease light penetration for sago pondweed
production.

• At the Arrowwood refuge, high pool elevations in Jamestown Reservoir reduce or
eliminate the ability to manage water levels in the refuge.  Very high pool elevations
have the capability to completely flood the refuge and eliminate all pool management
ability.

For the environmental evaluation, the Existing release pattern alternative is the baseline
condition.  The impacts of all the other alternatives are measured against the baseline
condition.   In general, the operating plans that resemble natural conditions provide
more beneficial environmental conditions.  Natural conditions, or flows would consist of
snowmelt generated in the spring, lower summer flows and even lower fall flows.

The Variable release then constant minimum release alternative would create problems
in managing the Arrowwood refuge.  Because pool elevations would be raised in the
Jamestown project to store water for a constant release, the potential exists for high
water or flooding in the refuge. This alternative would extend the period of moderate
river flows allowing rough fish to migrate upstream.  When the rough fish (largely carp)
enter the refuge ponds they compete directly with waterfowl by eating some of the same
underwater vegetation that is exploited by waterfowl.  In addition, the rough fish root in
the mud and cause elevated turbidity. This, in turn, limits the penetration of light through
the water column.  Growth of submerged vegetation is inhibited by the decreased light
penetration, limiting the amount of food produced for waterfowl as well as lessening the
amount of floating vegetation that is used by some waterfowl for nesting.  Extending
releases into the fall would prohibit refuge managers from lowering pools late in the
year.  This would allow some ice damage (as bank erosion) during freeze-up, damaging
the pond banks and destroying bankline vegetation.  In addition, the constant release
component of this alternative, if it were made over the entire twelve months of the year,
would also create an even greater opportunity for rough fish to enter and overwinter in
the Sand Lake refuge.  This alternative does not support refuge management very well
and is considered undesirable.

The High early, then reduced release alternative would be more beneficial to the
Arrowwood refuge because the pool releases would occur early, before the sago
pondweed growing began.   The effects of this alternative are described as positive for
all impacted areas because it represents a condition that is most similar to natural
conditions.  Historically the spring snowmelt period provided the highest flow volumes
over a somewhat extended time period.  Summer storms may have caused high
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temporary flows, but summer and fall flows would diminish.  The high releases could,
however, raise water elevations at the Sand Lake refuge, causing problems during the
critical period for sago growth.  This would vary depending on the late Spring and
Summer flow, for the particular year.  This alternative would support refuge
management in most years.  In extremely wet years refuge managers will have limited
water management capability due to the volume of water in the system.

Impacts for the High spring and fall and low summer release alternative would be
largely negative except that the high spring releases may allow more flexibility early in
the year for management at Arrowwood.  In addition, the high fall releases would create
the opportunity at Sand Lake for rough fish to enter and overwinter in the refuge.   This
alternative is not desirable for refuge management.

The Constant release alternative is largely negative because it would hold water in
Arrowwood much longer in the spring than current conditions. This would be very
detrimental to management operations.  In addition, with the 12-month constant release
variable, rough fish could invade the Sand Lake refuge.  If the constant release
occurred only over an eight-month period, however, this impact would be diminished.
The constant release alternative is not a desirable alternative.

In general under the downstream water quality parameter, the impacts are positive for
those plans that would provide constant flows for a large part of the year.  This benefit
would accrue primarily during dry years when flows would otherwise approach zero.

If the effects to the refuges were significantly negative, mitigation would be required.  In
the case of Arrowwood refuge, this would mean the complete reconstruction of the
refuge at a location further upstream.  It is unlikely that the Sand Lake refuge would be
affected enough to require mitigation of that magnitude, however, mitigation costs could
still be high.  For this reason, therefore, those alternatives that would result in
substantial mitigation were screened out.

The Flexible Release Plan would operate quite similarly to the existing plan in most
years.  In years with high flows (over 300,000 AF), refuge management is limited by the
sheer volume of water in the system, regardless of the water release scheme.  The
flexible release alternative has potential to be as good, or possibly slightly better than
the existing plan.  If priority were given to maintaining Jamestown Reservoir levels
below where they impede water management at Arrowwood Refuge, it would be better
served in the medium water years.  Due to its similarity to the existing plan, and also to
the flexibility of this plan, it is acceptable from an environmental perspective.

6.1.4 Evaluation of Release Scenarios on Cultural and Archaeological Resources.

As mentioned in Chapter 5, section 5.2, for purposes of evaluating cultural and
archaeological resources none of the alternatives under consideration represent what
could be a considered a major departure from our current operating plan.  Under each
alternative being considered, the timing of the releases may be altered to a small
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degree but the same volume of water will be released.  The magnitude of the releases
will still fall within the range of 0 to 1800 cubic feet per second as prescribed in the
existing plan.  Even a high release of 1500 cubic feet per second does not even begin
to approach the flows that would occur without the dams in place.  Therefore, it is
unlikely that there would be any discernable difference between any of the alternatives.
In Table 6.2 this criteria is designated as a “no significant change” from the existing
plan.

6.1.5 Evaluation of Release Scenarios on Erosion.

As stated in Chapter 5, section 5.3, the velocity of the James River does not vary
greatly with discharge, and thus neither does the sediment transport capacity.  Also, the
volume of water does not change from one alternative to the other.  Therefore, it was
concluded that there would be no discernable difference between any of the alternatives
for erosion analysis purposes.  In Table 6.2 this criteria is designated as a “no
significant change” from the existing plan.

6.1.6 Evaluation of Release Scenarios on Dam Safety.

There is a hazard-to-life condition if a flood event occurs that causes overtopping of a
dam embankment.  Dams located above populated areas are normally designed to
safely pass a Probable Maximum Flood (PMF) without overtopping the embankment.
The PMF is estimated using probable maximum precipitation estimates developed by
the National Weather Service.  Recent studies indicate that Jamestown Dam cannot
safely pass the PMF without being overtopped.

The PMF for Jamestown Dam is characterized by a peak inflow of 110,000 cfs and a
volume of 589,500 acre-feet.   The total storage available in the flood control and
surcharge zone of Jamestown Reservoir is 344,300 acre-feet.  The embankment of
Jamestown Dam will be overtopped by floods exceeding 91 percent of the PMF.   The
probability of overtopping of the Jamestown Dam embankment is very remote, however,
the consequences of failure would be catastrophic.

A dam safety evaluation study was conducted by the Bureau of Reclamation to
determine the appropriate measures needed to mitigate the affect of the potential
overtopping condition.  Options considered were raising the dam embankment,
constructing a larger spillway, and installation of an early warning system.  The risk
reduction impacts of these modifications are being reviewed in a risk analysis to be
completed in calendar year 2000.  Potential future risk reduction activities will depend
upon the results of the risk analysis.

For purposes of this study, an evaluation was made of the impact of alternative
operating plans on the potential for overtopping of the Jamestown Dam embankment.
The Existing release pattern is considered the baseline dam safety plan and any
alternative that causes significant increases in potential for overtopping is considered
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unacceptable.  This evaluation indicates that the Flexible release plan and Variable
release then constant minimum release alternatives result in no significant change.  The
High spring and fall and low summer release and the Constant release alternatives
would result in significant increases in potential for overtopping (a reduction of capability
to contain the PMF from 91% to 80%).   The High early, then reduced release
alternative results in a reduction in potential for overtopping.

6.1.5 Summary of Preliminary Screening.

The results of the preliminary screening are shown on Table 6.2.  The flood damages
presented for each of the main alternatives are for the most representative variation of
that alternative.  Environmental, cultural and archaeological, erosion and dam safety
effects are described qualitatively or are assigned as either positive or negative.

The Variable release with constant minimum, High spring and fall and low summer and
the Constant release alternatives were screened out due to the significant potential
impacts and resultant mitigation requirements they would have at Arrowwood NWR.  In
addition, expected annual flood damages and the potential for overtopping the
Jamestown dam would increase significantly if the High spring and fall and low summer
release alternative were implemented. The High early, then reduced release alternative
was screened out because it would significantly increase the expected annual
damages.

TABLE 6.2 - SUMMARY OF PRELIMINARY SCREENING
Alt. 1 Alt. 2 Alt. 3 Alt. 4 Alt. 5 Alt. 6 Comparison

Existing
Release

Variable
Release

High Early
Release

High Spring
and

Constant Release Flexible
Release

Conditions

Pattern then
Constant

then
Reduced

Fall, Low
Summer

Nov 15
Target

Mar 15
Target

No Natural

Minimum
Release

Release Release Release Flow

Flood damages ($000)
Jamestown (1)  21  38  368  224  5  2  21  -  2,967
Jamestown to ND/SD
line (2)

 268  255  325  343  234  210  269  195  532

ND/SD line to Redfield
(3)

 1,890  1,832  1,996  2,202  1,796  1,698  1,875  1,685  4,035

Redfield to Yankton (4)  2,391  2,302  2,366  2,342  2,298  2,337  2,391  2,244  2,608
Recreation facilities  35  35  34  50  75 N.A. 35  N.A.  N.A.
Total flood damages  4,605  4,462  5,089  5,161  4,408  4,247  4,591  4,124 10,142

Environmental effects
Potential for mitigation
at Arrowwood NWR

Baseline Minor
mitigation
potentially
required

None Very high
cost

mitigation
required

Very high
cost

mitigation
required

Very high
cost

mitigation
required

No
Change

NA NA

In-reservoir fisheries Baseline Neutral Positive Negative Positive Positive No
Change

NA NA

Arrowwood NWR
management

Baseline Limit
flexibility

Increase
flexibility

Increase
flexibility

Limit
flexibility

Limit
flexibility

Increase
flexibility

NA NA

Reservoir water quality Baseline Positive Positive Negative Positive Positive No
Change

NA NA
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TABLE 6.2 - SUMMARY OF PRELIMINARY SCREENING
Alt. 1 Alt. 2 Alt. 3 Alt. 4 Alt. 5 Alt. 6 Comparison

Existing
Release

Variable
Release

High Early
Release

High Spring
and

Constant Release Flexible
Release

Conditions

Pattern then
Constant

then
Reduced

Fall, Low
Summer

Nov 15
Target

Mar 15
Target

No Natural

Minimum
Release

Release Release Release Flow

Sand and Dakota Lakes
vegetation

Baseline Increase
turbidity,
limit light

and growth

Positive,
mimics

natural flow
conditions

Increase
turbidity,
limit light

and growth

Minor Increase
turbidity,
limit light

and growth

No
Change

NA NA

Sand and Dakota Lakes
fisheries

Baseline Allow
invasion of
rough fish

Positive,
mimics

natural flow
conditions

Allow
invasion of
rough fish

Minor Allow
invasion of
rough fish

No
Change

NA NA

Sand and Dakota Lakes
refuge management

Baseline Limit
flexibility of

refuge
mgmt.

Increase
flexibility of

refuge
mgmt.

Limit
flexibility of

refuge
mgmt.

Limit
flexibility of

refuge
mgmt.

Limit
flexibility of

refuge
mgmt.

No
Change

NA NA

Downstream water
quality

Baseline Positive Positive Negative Positive Positive Positive NA NA

Cultural and Archaeological Impacts
Potential for impacting
cultural and
archaeological
resources

Baseline No
significant

change
from

baseline

No
significant

change
from

baseline

No
significant

change
from

baseline

No
significant

change
from

baseline

No
significant

change
from

baseline

No
significant

change
from

baseline

NA NA

Erosion
Potential for increased
erosion

Baseline No
significant

change
from

baseline

No
significant

change
from

baseline

No
significant

change from
baseline

No
significant

change
from

baseline

No
significant

change
from

baseline

No
significant

change
from

baseline

NA NA

Dam safety
Potential for overtopping
Jamestown Dam

Baseline No
significant

change
from

baseline

Reduces
potential for
overtopping

Significant
increase in
potential for
overtopping

Significant
increase in
potential for
overtopping

Significant
increase in
potential
for over-
topping

No
significant

change
from

baseline

NA NA

Carried forward to final screening?
Yes No No No No No Yes

Footnotes:
(1) The numerical results in this row represent Reach 1 from Table 6.1, which is often called the Urban Region, N.D.
(2) The numerical results in this row represents Reaches 2 and 3 from Table 6.1.  This is often called the Rural Region, N.D.
(3) The numerical results in this row represents Reaches 4, 5, and 6 from Table 6.1.  This is often called the Lake Plain Region, S.D.
(4) The numerical results in this row represents Reaches 7, 8, 9, and 10 from Table 6.1, which is often called the Lower James River
Region, S.D.

The Existing release and Flexible release alternatives were carried forward for more
detailed plan development.  The Existing release has been used as the baseline and
provides adequate operation of Jamestown and Pipestem Reservoirs.  The Flexible
release alternative has the potential to improve on the existing release pattern.

6.2 FINAL SCREENING AND PLAN DEVELOPMENT.

The following are or can be affected by the manner in which the projects are operated:
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• Arrowwood NWR
• Jamestown Project
• Pipestem Project
• City of Jamestown
• Farms between Jamestown and Dakota Lakes NWR
• Dakota Lakes refuge and Sand Lake NWR
• Farms and communities downstream from Sand Lake NWR

The operating considerations for the reservoirs are very complex.  In many instances,
the affected interests’ requirements for the reservoir operation are in direct conflict.
Maximizing the environmental benefits, for instance, would dictate that the reservoir be
operated to reflect natural flow conditions.  This natural flow regime, however, would
significantly increase flood damages downstream from the reservoirs by increasing the
spring and early summer flows.  On the other hand, maximizing flood damage reduction
benefits would dictate that flood flows be held in the reservoirs to the maximum extent
possible.  Operating in this manner would destroy the Arrowwood NWR.  Any plan that
would increase pool elevations in the Jamestown project would increase the potential
for overtopping.  All of these factors create considerable difficulty in formulating and
evaluating operating alternatives.

It is apparent from the preliminary evaluation and screening, that each of the
alternatives has both positive and negative effects.  Since the initial construction of the
two reservoirs, the operational criteria and rules have been modified and adapted to fit
new conditions or revised criteria.  The existing release pattern is a reflection of that
adaptive process and it can be surmised that the existing operational plan is
approaching the ideal or optimal manner in which the project could be operated.

This is not to say, however, that the existing plan cannot be improved.  In conducting
the analysis, several key interests, variables and components were identified.  It is
possible to identify those key variables and to tailor a plan to best meet the varied
interests’ expectations.  The existing plan was carried forward into the final screening to
be the baseline release pattern and to reflect the near optimum operation plan.  The
flexible release alternative was carried forward into the final screening in order to
facilitate the development of a plan that satisfies as many expectations as possible.  It
has the potential to limit the negative impacts on all effected entities to the most
practical extent.  It is very likely that this flexible release alternative will reflect
modifications of the Existing release pattern.  Therefore the  Existing release and
Flexible release alternatives were carried forward for more detailed plan development
and final screening.
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7.1 FINAL SCREENING.

7.1.1 Detailed Plan Definition.

As mentioned in the previous chapter it is important to provide as much detail as
possible to adequately evaluate the plans that are being considered.  The existing plan
has been defined as the current operating plan for Jamestown and Pipestem
Reservoirs.  The flexible plan has not been that easy to define.  It has evolved to the
point where it combines the best aspects of the previous plans that were screened out.
In concept the flexible plan made it through the preliminary screening process due to
the expectations that it could meet or better the existing plan operation.  Now that it was
brought forward for final screening it is imperative that the best two variations of the
flexible release plan be brought forward for evaluation and screening.  Through agency
input and modeling analysis there appeared to be two flexible plans that merited
detailed analysis.  For simplicity, these two flexible release plan alternatives will be
called Plan A and Plan B.

While all three alternatives rely on good communication between agencies, the flexible
release plans A and B extend this requirement.  Since the flexible release alternatives
are dependent on changing hydrologic conditions from year to year, the conditions each
year will be evaluated in the spring and discussed at the Spring Operations Meeting.  At
the operations meeting a runoff year forecast will be made and operations will be
governed by this forecast.  Subsequent monthly meetings/conference calls will then be
held throughout the flooding season to assure that changing conditions are reviewed
and any changes to the forecast is communicated to agencies involved.  The runoff year
forecast selected by the Corps of Engineers for that particular year will use the following
data sources for decision making, a) the Corps of Engineers inflow forecast (includes
snowpack and volume runoff correlation data), b) U.S. Geological Survey (USGS)
stream gaging data, c) National Weather Service (NWS) snow water equivalent
maps/precipitation data, and d) agency feedback.

Both variations of the flexible plan improve on the existing plan in two major aspects.
The flexible plans preserve and in most years increase the flood control benefits of the
two reservoirs.  This is accomplished by reducing the magnitude of release during low
and lower medium runoff years to as near a constant release as possible.  Instead of
releasing a combined 450 cfs that is automatically called for in the existing plan
irregardless of the type of runoff year, the flexible plans allow for a much lower
discharge in lower flow years where the higher release is not required.   This reduced
release results in lower damages especially in the Lake Plain Region of South Dakota
where channel capacity is severely limited.

In addition, both variations of the flexible plan provide environmental benefits by giving
increased priority to flood storage evacuation at Jamestown Reservoir and reducing
impacts to Arrowwood NWR, just upstream of Jamestown Reservoir.  Each flexible plan
accomplishes this in distinctly different ways.  Flexible plan A adds additional release
increments between 450 cfs and 750 cfs at Jamestown Reservoir.  Flexible plan B is
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similar to Flexible plan A, except in upper medium flow years, where increased releases
from Jamestown Dam are offset by decreased releases from Pipestem Dam.  A
secondary environmental benefit results from extending a lower constant release during
dry years improving in-stream flows and water quality.

The Existing, Flexible A, and Flexible B will be defined in the following paragraphs and
then an evaluation of each plan will be made against the same criteria that were used in
Chapter 6 (downstream flood damages, environmental resources, and dam safety).

7.1.1.a Existing Release Plan.

The existing plan is best defined by understanding the 1975 field working agreement
(FWA) and table which is attached to the 1975 FWA.  Table 7.1 briefly presents the
decision making criteria that are used in operation of the projects.  The operation
decisions are based on elevations in both reservoirs.  A summary of this plan is
discussed in Section 2.6.2.e, with the complete 1975 FWA included in Appendix D.

TABLE 7.1  -  EXISTING PLAN
JAMESTOWN, PIPESTEM DAM AND RESERVOIR
FLOOD CONTROL REGULATION PROCEDURES
(Coordinated Regulation With Pipestem Reservoir)

Coincident Reservoir Levels

No. Jamestown Reservoir Pipestem Reservoir
Target Flow at Jamestown

 Gage (1)

1. 1445.4 – 1454.0 Below 1496.3 1,800 cfs from Jamestown
2. Below 1445.4 1489.0 – 1496.3 1,800 cfs from Pipestem
3. 1440.0-1445.4 Below 1489.0 750 cfs from Jamestown
4. Below 1440.0 1478.2 – 1489.0 750 cfs from Pipestem
5. Below 1440.0 Below 1478.2 (1) 450 cfs from Combined Jamestown and Pipestem

NOTES:
(1) With Pipestem below elevation 1478.2, releases from Pipestem should be limited to inflows, up to a maximum of 100 cfs, until
Jamestown flood storage had been evacuated.
(2) During the winter season (November to beginning of spring runoff) releases should not cause the flow to exceed 100 cfs at
Jamestown.

The operation of Jamestown and Pipestem Reservoirs following the 1975 FWA criteria
was simulated for the years 1954-1998.  The following Table 7.2 Existing Plan –
(450*750*1800) represents a summary of this operation grouped into the four (4) main
types of runoff years.  These results match fairly well with the actual historic operation of
the reservoirs with the exception of a few of the recent high flow years.  During the high
flow years releases departed from the 1975 FWA for reasons of dam safety and limited
channel capacity though the city of Jamestown.  Both of these problems have since
been corrected and no longer are a major consideration.
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TABLE 7.2  -  EXISTING PLAN - (450*750*1800)
SUMMARY OF JAMESTOWN, PIPESTEM COMBINED INFLOW VOLUME BY WATER YEAR

(Sheet is sorted in ascending order by combined water year total)
Pipestem Reservoir Jamestown Reservoir Combined Annual

Total WY Peak Pool Max % Peak Peak Pool Max % Above Peak Peak Downstr
eam

Water Inflow Elevation FC Pool Discharge Elevation FC Pool 1-Jun Discharge Discharge Damage
Year (AF) (ft,msl) Occupied (cfs) (ft,msl) Occupied Target (ft) (cfs) (cfs) $1,000

LOW FLOW YEARS

1990 3100 1442.5 0 110 1425.3 -3 -6.2 0 110 39
1991 3500 1442.5 0 80 1423.2 -5 -7.8 0 80 1102
1959 3600 1442.5 0 10 1427.7 -1 -4.1 0 10 3
1961 5000 1442.5 0 10 1428.1 -1 -3.0 0 10 143
1973 5400 1442.5 0 20 1428.4 -1 -3.0 80 100 893
1963 5500 1442.5 0 30 1427.8 -1 -3.5 0 30 150
1977 7000 1442.5 0 210 1428.0 -1 -3.3 0 210 988
1968 9100 1442.5 0 60 1428.6 0 -2.7 30 90 80
1989 9500 1442.5 0 80 1427.5 -1 -3.7 0 80 3205
1957 10300 1442.5 0 50 1428.0 -1 -3.2 50 70 233
1992 10900 1442.7 0 230 1422.0 -6 -9.7 0 230 189
1954 13400 1442.5 0 350 1429.6 1 -3.0 20 350 400
1970 13800 1442.5 0 120 1428.9 0 -2.2 50 120 575
1955 16100 1442.5 0 400 1431.0 2 -1.2 40 400 245
1964 16300 1443.0 0 450 1426.7 -2 -4.9 0 450 1676
1988 16900 1442.9 0 240 1429.7 1 -1.3 40 240 39
1985 18800 1443.9 1 450 1429.8 1 -1.3 50 450 2376
1956 20900 1442.6 0 450 1431.0 2 -1.0 80 450 77
1980 25800 1443.0 0 250 1429.2 0 -2.7 40 250 82
1962 27100 1443.5 1 450 1428.8 0 -4.1 0 450 10773
1958 29800 1444.8 2 450 1431.0 2 0.0 100 450 269
1981 30300 1442.8 0 170 1431.0 2 0.0 60 170 3
1960 32600 1451.1 7 450 1431.0 2 -0.6 30 450 6940

LOW FLOW AVERAGE DAMAGES 1325
LOWER MEDIUM FLOW YEARS

1976 38000 1443.8 1 450 1431.0 2 0.0 260 450 459
1972 42000 1445.5 2 450 1431.0 2 0.0 120 450 5095
1978 43700 1449.3 5 450 1431.0 2 0.0 160 450 7105
1971 47200 1443.0 0 450 1431.0 2 -0.1 350 450 520
1986 56800 1444.3 1 450 1431.0 2 0.0 220 450 11434
1967 60000 1450.6 7 450 1431.5 3 -0.3 350 450 1889
1974 61500 1442.9 0 250 1433.8 6 0.5 350 450 122
1965 69800 1452.7 9 450 1431.0 2 0.0 320 450 1948
1984 89500 1451.8 8 450 1431.3 3 0.0 350 450 14044

LOWER MEDIUM FLOW AVERAGE DAMAGES 4735
UPPER MEDIUM FLOW YEARS

1982 90500 1454.2 11 450 1435.1 8 0.1 350 450 3014
1998 129400 1463.2 22 410 1437.1 12 0.0 350 450 6180
1975 138600 1467.3 29 450 1438.5 17 6.5 350 450 3989
1966 142300 1460.8 19 450 1438.9 18 4.1 350 450 4128
1979 142700 1467.1 28 450 1439.7 22 7.8 350 450 5916
1983 144700 1457.5 14 450 1439.3 20 4.2 350 450 2782
1987 149700 1465.0 25 450 1439.9 22 4.9 750 750 6560
1969 159000 1468.5 31 450 1441.5 29 7.5 750 750 17037

UPPER MEDIUM FLOW AVERAGE DAMAGES 6201
HIGH FLOW YEARS

1994 189600 1458.3 15 450 1439.8 22 6.3 350 450 7483
1993 200400 1470.5 34 450 1440.6 25 -1.5 750 860 12306
1996 267600 1478.7 51 450 1443.8 40 9.0 750 750 6504
1995 338700 1483.3 61 750 1441.7 30 8.3 750 750 19095
1997 372500 1491.4 84 1800 1447.0 57 13.2 1800 1800 35984

HIGH FLOW AVERAGE DAMAGES 14944
TOTAL AVERAGE ANNUAL DAMAGES 4535
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Several observations can be made following inspection of this table.  Of the 45 years of
record, 32 of those years or 70% fell in low to lower medium flow years.  These are
years where pool levels at Jamestown and Pipestem rise just a few feet into the flood
control zones and less than 10% of the flood control pools are utilized.  During many of
these same low flow years, following the criteria in the 1975 FWA resulted in combined
releases of 450 cfs.

7.1.1.b Flexible Release Plan A.

The criteria for the flexible release plan A are shown in Table 7.3 – Flexible Release
Plan A.   The release criteria in this plan as well as in flexible plan B is dependent on the
type of flow year.   Both flexible release plan A and flexible release plan B share many
similarities and are identical in low and low medium flow years.   The two plans differ
slightly in the upper medium flow years.

TABLE 7.3  – FLEXIBLE RELEASE PLAN A
JAMESTOWN, PIPESTEM DAM AND RESERVOIR

JOINT FLOOD CONTROL REGULATION PROCEDURES
Coincident Reservoir Levels Release Levels

No. Jamestown Elevation Pipestem Elevation Jamestown Release Pipestem Release
Target Flow at Jamestown

Gage (1)

1. 1445.4-1454.0 Below 1496.3 1,800 0 1,800
2. Below 1445.4 1489.0-1496.3 0 1,800 1,800
3. 1440.0-1445.4 Below 1489.0 750 0 750
4. Below 1440 1478.2-1489.0 0 750 750
5. 1438.0-1440.0 Below 1478.2 750 0 750
6. 1436.0-1438.0 Below 1478.2 650 (2) 100 750
7. 1434.0-1436.0 Below 1478.2 (3) 550 100 650
8. 1432.0-1434.0 Below 1478.2 450 100 550
9. Below 1432.0 Below 1478.2 350 100 450 (4)

NOTES:
(1) During the winter season (November to beginning of spring runoff) releases should not cause the flow to exceed 100 cfs at
Jamestown.
(2) The flows from the two reservoirs would be jointly discussed by representatives from the Bureau of Reclamation and the Corps of
Engineers and adjusted based on previously agreed upon criteria.
(3) With Pipestem below elevation 1478.2, releases from Pipestem should be limited to inflows, up to a maximum of 100 cfs, until
Jamestown flood storage had been evacuated.
(4) In low and low-medium runoff years releases from Jamestown and Pipestem will be kept to a minimum level up to a combined
450 cfs that will achieve desired target pool levels.  Low to low-medium runoff years are those years that the expected total annual
combined inflow at Jamestown and Pipestem Reservoirs is less than 90,000 acre-feet.

Flexible release plan A differs from the existing plan (1975 FWA) in two main areas.
The first difference, which is also true of flexible plan B described in the following
section, occurs in low flow and lower medium flow years.   In low and lower medium
flow years the objective is to make as low a constant release as possible and still meet
target pool levels at Jamestown and Pipestem Reservoirs.   The second difference
occurs primarily in upper medium flow years.  Under the existing plan combined
releases remained at 450 cfs through a wide range of Jamestown pool levels before
“jumping” to 750 cfs.  Flexible release plan A modifies this by incorporating two
intermediate incremental release steps of 550 cfs and 650 cfs.  Jamestown is also
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allowed to release 750 cfs at a slightly lower elevation (1438 ft, msl) than under the
existing plan (1440 ft, msl).  While releases under flexible release plan A change for
Jamestown Reservoir, the operation of Pipestem Reservoir remains the same as under
the existing plan.  Pipestem continues to make releases of 100 cfs in addition to what is
being released from Jamestown.  The net effect is slightly higher combined releases for
the upper medium flow years.  The following Table 7.4 Flexible Plan A – (Jamestown –
350*450*550*650*750) presents the results of modeling the years 1954 – 1998 using
the criteria in Table 7.3 – Flexible Release Plan A.

TABLE 7.4
FLEXIBLE PLAN A  - (JAMESTOWN - 350*450*550*650*750)

SUMMARY OF JAMESTOWN, PIPESTEM COMBINED INFLOW VOLUME BY WATER YEAR
(Sheet is sorted in ascending order by combined water year total)

Pipestem Reservoir Jamestown Reservoir Combined Annual

Total WY Peak Pool Max % Peak Peak Pool Max % Above Peak Peak Downstr
eam

Water Inflow Elevation FC Pool Discharge Elevation FC Pool 1-Jun Discharge Discharge Damage
Year (AF) (ft,msl) Occupied (cfs) (ft,msl) Occupied Target (ft) (cfs) (cfs) $1,000

LOW FLOW YEARS

1990 3100 1443.3 0 30 1425.3 -3 -6.2 0 30 36
1991 3500 1442.7 0 10 1423.2 -5 -7.8 0 10 1099
1959 3600 1442.6 0 10 1427.7 -1 -4.1 0 10 2
1961 5000 1442.8 0 10 1428.1 -1 -3.0 0 10 142
1973 5400 1443.0 0 20 1428.4 -1 -3.0 80 100 893
1963 5500 1443.5 1 30 1427.8 -1 -3.5 0 30 146
1977 7000 1442.8 0 40 1428.0 -1 -3.3 0 40 979
1968 9100 1444.0 1 60 1428.6 0 -2.7 30 90 67
1989 9500 1444.1 1 30 1427.5 -1 -3.7 0 30 3174
1957 10300 1442.7 0 50 1428.0 -1 -3.2 50 70 233
1992 10900 1446.4 3 100 1422.0 -6 -9.7 0 100 203
1954 13400 1445.5 2 30 1429.6 1 -3.0 20 40 389
1970 13800 1446.7 3 20 1428.9 0 -2.2 50 50 562
1955 16100 1446.9 3 30 1431.0 2 -1.2 40 40 267
1964 16300 1446.4 3 50 1426.7 -2 -4.9 0 50 1623
1988 16900 1448.4 5 80 1429.7 1 -1.3 40 100 59
1985 18800 1446.1 3 100 1429.8 1 -1.3 50 100 2373
1956 20900 1445.7 2 50 1431.0 2 -1.0 40 70 65
1980 25800 1444.2 1 100 1429.2 0 -2.7 40 100 48
1962 27100 1446.1 3 100 1428.8 0 -4.1 0 100 10724
1958 29800 1449.0 5 40 1431.0 2 0.0 100 100 151
1981 30300 1444.0 1 100 1431.0 2 0.0 60 100 3
1960 32600 1452.2 8 100 1431.0 2 -0.6 30 100 6287

LOW FLOW AVERAGE DAMAGES 1284
LOWER MEDIUM FLOW YEARS

1976 38000 1453.9 10 100 1432.0 3 0.0 70 100 251
1972 42000 1451.4 7 100 1431.0 2 0.0 100 100 4833
1978 43700 1456.2 13 100 1431.0 2 0.0 40 100 6642
1971 47200 1450.4 6 60 1431.3 3 0.0 100 100 489
1986 56800 1456.4 13 100 1431.0 2 0.0 80 100 10842
1967 60000 1457.4 14 100 1433.0 5 -0.1 170 170 1545
1974 61500 1451.3 7 70 1432.8 4 0.1 120 120 105
1965 69800 1455.5 12 110 1431.5 3 0.0 130 140 1325
1984 89500 1464.0 23 120 1431.5 3 0.0 190 190 13409

LOWER MEDIUM FLOW AVERAGE DAMAGES 4382
UPPER MEDIUM FLOW YEARS

1982 90500 1454.2 11 450 1434.6 7 0.0 450 550 3097
1998 129400 1463.2 22 450 1436.5 10 0.0 550 650 6325
1975 138600 1467.3 29 450 1437.7 14 4.0 550 650 4022
1966 142300 1460.8 19 450 1438.2 16 -0.1 650 750 4230



CHAPTER 7– PLAN SELECTION

7-6

TABLE 7.4
FLEXIBLE PLAN A  - (JAMESTOWN - 350*450*550*650*750)

SUMMARY OF JAMESTOWN, PIPESTEM COMBINED INFLOW VOLUME BY WATER YEAR
(Sheet is sorted in ascending order by combined water year total)

Pipestem Reservoir Jamestown Reservoir Combined Annual

Total WY Peak Pool Max % Peak Peak Pool Max % Above Peak Peak Downstr
eam

Water Inflow Elevation FC Pool Discharge Elevation FC Pool 1-Jun Discharge Discharge Damage
Year (AF) (ft,msl) Occupied (cfs) (ft,msl) Occupied Target (ft) (cfs) (cfs) $1,000

1979 142700 1467.1 28 450 1438.9 18 5.6 650 750 5936
1983 144700 1457.5 14 450 1438.3 16 0.0 650 750 3123
1987 149700 1464.7 25 450 1439.4 20 0.0 650 750 6726
1969 159000 1468.4 31 450 1441.2 28 5.6 750 750 17037

UPPER MEDIUM FLOW AVERAGE DAMAGES 6312
HIGH FLOW YEARS

1994 189600 1458.3 15 450 1438.8 18 0.0 650 750 7567
1993 200400 1470.5 34 450 1440.6 25 -1.5 750 860 12306
1996 267600 1478.6 50 450 1443.2 37 8.5 750 750 6900
1995 338700 1481.0 56 750 1441.4 29 9.0 750 750 19094
1997 372500 1491.3 84 1800 1446.8 56 13.0 1800 1800 35905

HIGH FLOW AVERAGE DAMAGES 15018
TOTAL AVERAGE ANNUAL DAMAGES 4472

Inspection of Table 7.4 reveals the differences between operating under this plan and
the existing plan (Table 7-2).  In the same 32 low and lower medium flow years where
releases under the existing plan were often 450 cfs, releases under flexible plan A are
reduced to less than 200 cfs.  Releases are higher in the upper medium flow years
reflecting the addition of the 550 and 650 cfs steps and the earlier release of 750 cfs at
a lower Jamestown pool elevation.  Releases are the same in the high flow years with
the exception of 1994 where the Jamestown pool level of 1438.8 ft, msl resulted in a
release of 750 cfs under flexible release plan A.  Also, peak pool levels at Pipestem are
notably higher for the low and lower medium flow years, as the water is stored to
provide a minimum constant release after June 1.

7.1.1.c Flexible Release Plan B.

The criteria for the flexible release plan B are shown in Table 7.5 – Flexible Release
Plan B.   As mentioned before the release criteria in this plan as well as in similar
flexible plan A is dependent on the type of flow year.  Both plans are identical in low and
lower medium flow years.

TABLE 7.5  -  FLEXIBLE RELEASE PLAN B
JAMESTOWN, PIPESTEM DAM AND RESERVOIR

JOINT FLOOD CONTROL REGULATION PROCEDURES
Coincident Reservoir Levels Release Levels

No. Jamestown Elevation Pipestem Elevation Jamestown Release Pipestem Release
Target Flow at Jamestown

Gage (1)

1. 1445.4-1454.0 Below 1496.3 1,800 0 1,800
2. Below 1445.4 1489.0-1496.3 0 1,800 1,800
3. 1440.0-1445.4 1478.2-1489.0 750 0 750
4. Below 1440.0 1478.2 – 1489.0 0 750 750
5. Below 1440.0 1470.0-1478.2 450 (2) 450
6. Below 1440.0 Below 1470.0 450 0 450 (3)
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NOTES:
(1) During the winter season (November to beginning of spring runoff) releases should not cause the flow to exceed 100 cfs at
Jamestown.
(2) Combined flow from Jamestown and Pipestem.
(3) In low and low-medium runoff years releases from Jamestown and Pipestem will be kept to a minimum level up to a combined 450
cfs that will achieve desired target pool levels.  Low to low-medium runoff years are those years that the expected total annual
combined inflow at Jamestown and Pipestem Reservoirs is less than 90,000 acre-feet.

As mentioned under the discussion for flexible release plan A, flexible release plan B
also differs from the existing plan (1975 FWA) in two main areas.  The first difference is
in low and low medium flow years where the objective is to make as low a constant
release as possible and still meet target pool levels at Jamestown and Pipestem
Reservoirs.   This is the same as is discussed under flexible release plan A, but different
than the existing plan.  The second difference from the existing plan occurs primarily in
upper medium flow years.  It is in these upper medium flow years where the two flexible
plans are different from each other, also.  Under the existing plan initial combined
releases of 450 cfs are made from the two projects.  Normally Jamestown is releasing
350 cfs while Pipestem is releasing 100 cfs.  Flexible release plan B modifies this by
allowing Jamestown to release the full 450 cfs and Pipestem to be reduced to little or no
release.  If required Pipestem would store water up to elevation 1470 ft, msl before
beginning a release.  The following Table 7.6 Flexible Plan B – Release 450 from
Jamestown presents the results of modeling the years 1954 – 1998 using the criteria in
Table 7.5 – Flexible Release Plan B.

TABLE 7.6
FLEXIBLE PLAN B - RELEASE 450 FROM JAMESTOWN
NO RELEASE FROM PIPESTEM UP TO ELEVATION 1470

SUMMARY OF JAMESTOWN, PIPESTEM AND COMBINED INFLOW VOLUME BY WATER YEAR
(Sheet is sorted in ascending order by combined water year total)

Pipestem Reservoir Jamestown Reservoir Combined Annual
Total WY Peak Pool Max % Peak Peak Pool Max % Above Peak Peak Downstr

eam
Water Inflow Elevation FC Pool Discharge Elevation FC Pool 1-Jun Discharge Discharge Damage
Year (AF) (ft,msl) Occupied (cfs) (ft,msl) Occupied Target (ft) (cfs) (cfs) $1,000

LOW FLOW YEARS
1990 3100 1443.3 0 30 1425.3 -3 -6.2 0 30 36
1991 3500 1442.7 0 10 1423.2 -5 -7.8 0 10 1099
1959 3600 1442.6 0 10 1427.7 -1 -4.1 0 10 2
1961 5000 1442.8 0 10 1428.1 -1 -3.0 0 10 142
1973 5400 1443.0 0 20 1428.4 -1 -3.0 80 100 893
1963 5500 1443.5 1 30 1427.8 -1 -3.5 0 30 146
1977 7000 1442.8 0 40 1428.0 -1 -3.3 0 40 979
1968 9100 1444.0 1 60 1428.6 0 -2.7 30 90 67
1989 9500 1444.1 1 30 1427.5 -1 -3.7 0 30 3174
1957 10300 1442.7 0 50 1428.0 -1 -3.2 50 70 233
1992 10900 1446.4 3 100 1422.0 -6 -9.7 0 100 203
1954 13400 1445.5 2 30 1429.6 1 -3.0 20 40 389
1970 13800 1446.7 3 20 1428.9 0 -2.2 50 50 562
1955 16100 1446.9 3 30 1431.0 2 -1.2 40 40 267
1964 16300 1446.4 3 50 1426.7 -2 -4.9 0 50 1623
1988 16900 1448.4 5 80 1429.7 1 -1.3 40 100 59
1985 18800 1446.1 3 100 1429.8 1 -1.3 50 100 2373
1956 20900 1445.7 2 50 1431.0 2 -1.0 40 70 65
1980 25800 1444.2 1 100 1429.2 0 -2.7 40 100 48
1962 27100 1446.1 3 100 1428.8 0 -4.1 0 100 10724
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TABLE 7.6
FLEXIBLE PLAN B - RELEASE 450 FROM JAMESTOWN
NO RELEASE FROM PIPESTEM UP TO ELEVATION 1470

SUMMARY OF JAMESTOWN, PIPESTEM AND COMBINED INFLOW VOLUME BY WATER YEAR
(Sheet is sorted in ascending order by combined water year total)

Pipestem Reservoir Jamestown Reservoir Combined Annual
Total WY Peak Pool Max % Peak Peak Pool Max % Above Peak Peak Downstr

eam
Water Inflow Elevation FC Pool Discharge Elevation FC Pool 1-Jun Discharge Discharge Damage
Year (AF) (ft,msl) Occupied (cfs) (ft,msl) Occupied Target (ft) (cfs) (cfs) $1,000
1958 29800 1449.0 5 40 1431.0 2 0.0 100 100 151
1981 30300 1444.0 1 100 1431.0 2 0.0 60 100 3
1960 32600 1452.2 8 100 1431.0 2 -0.6 30 100 6287

LOW FLOW AVERAGE DAMAGES 1284
LOWER MEDIUM FLOW YEARS

1976 38000 1453.9 10 100 1432.0 3 0.0 70 100 251
1972 42000 1451.4 7 100 1431.0 2 0.0 100 100 4833
1978 43700 1456.2 13 100 1431.0 2 0.0 40 100 6642
1971 47200 1450.4 6 60 1431.3 3 0.0 100 100 489
1986 56800 1456.4 13 100 1431.0 2 0.0 80 100 10842
1967 60000 1457.4 14 100 1433.0 5 -0.1 170 170 1545
1974 61500 1451.3 7 70 1432.8 4 0.1 120 120 105
1965 69800 1455.5 12 110 1431.5 3 0.0 130 140 1325
1984 89500 1464.0 23 120 1431.5 3 0.0 190 190 13409

LOWER MEDIUM FLOW AVERAGE DAMAGES 4382
UPPER MEDIUM FLOW YEARS

1982 90500 1456.6 13 450 1433.9 6 0.0 450 450 3014
1998 129400 1466.9 28 450 1436.3 10 0.0 450 450 6158
1975 138600 1469.4 32 450 1437.9 15 5.1 450 450 3989
1966 142300 1466.1 27 450 1438.5 17 -0.1 450 450 4128
1979 142700 1470.1 33 450 1439.2 20 6.8 450 450 5916
1983 144700 1462.3 21 450 1438.7 18 0.0 450 450 2782
1987 149700 1467.5 29 450 1439.7 22 1.4 450 450 6538
1969 159000 1469.7 33 450 1441.4 29 6.8 750 750 17037

UPPER MEDIUM FLOW AVERAGE DAMAGES 6195
HIGH FLOW YEARS

1994 189600 1463.5 23 450 1439.3 20 3.1 450 450 7483
1993 200400 1470.5 34 450 1440.6 25 -1.5 750 860 12306
1996 267600 1478.7 51 450 1443.8 40 9.0 750 750 6504
1995 338700 1483.3 61 750 1441.7 30 8.3 750 750 19095
1997 372500 1491.4 84 1800 1447.0 57 13.2 1800 1800 35984

HIGH FLOW AVERAGE DAMAGES 14943
TOTAL AVERAGE ANNUAL DAMAGES 4442

Inspection of Table 7.6 reveals the differences and similarities between operating under
flexible plan B and the existing plan (Table 7-2) and flexible plan A (Table 7-4).  As
under flexible plan A in the same 32 low and lower medium flow years where releases
under the existing plan were often 450 cfs, releases under flexible plans A and B are
reduced to less than 200 cfs.  Releases in the upper medium flow years are the same
under both flexible plan B and the existing plan, unlike flexible plan A.  The target flow at
the Jamestown gage remains 450 cfs under both flexible plan B and the existing plan.
Also, peak pool levels at Pipestem are notably higher for the low and lower medium flow
years, as the water is stored in making a minimum constant release.  While peak pool
levels at Jamestown in the upper medium flow years are reduced from the existing plan,
peak Pipestem pool levels have increased.  This is a natural result of giving higher
priority to releases from Jamestown Reservoir and still maintaining the same combined
release level as under the existing plan.
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7.1.2 Evaluation of Release Scenarios on Downstream Flood Damages.

The following Table 7.7 – Comparison of Flood Damages by Reach presents the results
of the flood damage analysis model for the final three plans: (1) existing, (2) flexible
release A, and (3) flexible release B.  The procedure for estimating these damages is
explained in Chapter 5 – Technical Evaluation of Alternatives.  Careful comparison of
the damage results for the existing plan in this table with values that were shown
previously in the document in Table 6.1 and Table 6.2 reveal that there is a slight
differences.  The difference is a result of using a different reservoir simulation procedure
to reflect the new joint use pool levels at Jamestown Reservoir.  The new top of the joint
use pool used in the updated model is 1431 ft, msl and the base of the joint use pool is
1428 ft, msl.  The elevations used in the previous modeling are the old values of
1432.67 ft, msl and 1429.8 ft, msl.  These elevations were changed as part of the
Arrowwood Environmental Impact Statement (EIS) prepared by the Bureau of
Reclamation.  By using a different modeling procedure the economic results changed
slightly.  For consistency the remaining three plans were all modeled using the new
procedure.

Inspection of Table 7.7 reveals the flood reduction benefits of the three final plans being
considered.  All are nearly identical with the flexible plans holding a slight edge over the
existing plan and flexible plan B slightly better than flexible plan A.  This improvement is
particularly evident in the Lake Plain Region of South Dakota (Reach 5 Columbia to
Stratford).  It is in this area where channel capacity is most limited and even a 450 cfs
release can add to damages.

TABLE 7.7  -  COMPARISON OF FLOOD DAMAGES BY REACH
REACH

1 2 3 4 5 6 7 8 9 10

RELEASE
ALTERNATIVE

City of
Jamestown

Jamestown
to LaMoure

LaMoure
to

Stateline

Stateline
to

Columbia
Columbia

to Stratford
Stratford to

Ashton
Ashton to
Redfield

Redfield to
Forestburg

Forestburg
to

Scotland
Scotland

to Yankton TOTAL
Average Annual Damages ($1000)

No Release (for comparison purposes)
0 25 169 267 1063 302 53 608 1009 627 4123

Natural, Pre-project Conditions (for comparison purposes)
2967 140 392 545 2608 790 91 767 1135 706 10141

Existing Release Plan
21 45 220 255 1264 354 63 650 1025 639 4535

Flexible Release A
22 44 213 252 1219 345 62 649 1025 639 4472

Flexible Release B
19 44 208 251 1206 342 61 648 1023 638 4442

Table 7.8 Comparison of Downstream Damages by Flow Year Category provides
insight into what type of flow year the flexible plans can have the most impact in
reducing damages.  These results show a decline in damages for the flexible plans that
are most apparent in the lower medium flow years.  As mentioned above this is a direct
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result of utilizing flood storage at the two projects in particular Pipestem to hold releases
to a minimum level.

TABLE 7.8  -  COMPARISON OF DOWNSTREAM DAMAGES
BY FLOW YEAR CATEGORY FOR JAMESTOWN/PIPESTEM DAM AND RESERVOIRS

(Damages in $1,000)

Category
Existing

Plan
Flexible
Plan A

Damages
(+More /
-Less)

Flexible
Plan B

Damages
(+More /
-Less)

Low Flow Years 1325 1284 -41 1284 -41

Lower Medium Flow Years 4735 4382 -353 4382 -353

Upper Medium Flow Years 6201 6312 +111 6195 -6

High Flow Years 14944 15018 +74 14943 -1

Total Average Annual Damages 4535 4472 -63 4442 -93

Note: Downstream damages for flow year categories are a weighted average.  The sum of the columns is not equal to the
sum of the total average annual damages.

7.1.3 Evaluation of Release Scenarios on Environmental Resources.

In addition to the Existing Plan, the Flexible Plan “A” and Flexible Plan “B” have been
carried to this level of study.  Environmental impacts are summarized below, and in
Table 7-9.

In low and lower medium flow years, under both “A” and “B”, the two reservoirs would
provide a smaller but more extended release.  This would provide water quality benefits
downstream and thus, enhance fisheries in the river.  Fisheries within the two reservoirs
would likely benefit also by providing a slower drop of the pool elevations in the spring,
possibly enabling the spawning process to have a higher success rate.   In these lower
flow years, there would likely be few, if any, negative impacts to either Arrowwood
Refuge or downstream resources.

As a result of these changes, pool levels at Pipestem Reservoir would be equal or
higher than under the Existing Plan.  The increase ranges up to five feet in lower-flow
years and three to thirteen feet in lower-medium flow years.  This greater fluctuation
would provide a greater organic input to the reservoir benefiting biotic productivity.
However, the affected shoreline area would lose its permanent vegetation and likely
require additional management in these years.  There would be potential for introduction
of a greater amount of agricultural chemical pollution to Pipestem Reservoir and the
James River as a result of flooding lands upstream of Pipestem reservoir which are held
by the Corps in easement only.

As inflows increase, Flexible Plan A and B operate differently and will be discussed
separately.
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7.1.3.a Flexible Plan A

In upper medium flow years, Plan A operates the same as the Existing Plan at Pipestem
Dam, and thus, has no impact there.  At Jamestown Dam, increased water releases are
provided at an earlier point in time, lessening adverse impacts to Arrowwood NWR and
possibly diminishing slightly the flood damages downstream.  This plan would not
require mitigation at Arrowwood NWR.

7.1.3.b Flexible Plan B

In low and lower medium flow years, under both “A” and “B”, the two reservoirs would
provide a smaller but more extended release.  In upper-medium flow years, Plan B
remains the same as the Existing Plan so far as total releases from the two dams are
concerned.  However, releases are shifted to lower Jamestown Reservoir sooner
resulting in Pipestem Reservoir pool peaking about 3.5 feet higher each year, compared
to both the Existing and Plan A alternatives.  This benefits Arrowwood NWR while
providing similar flood protection downstream.  This plan would not require mitigation at
Arrowwood NWR.  Impacts to Pipestem project will include those noted above for Plan
A.

There is also an increase of up to five feet in the Pipestem Reservoir pool level in the
modeling for 1994, one of the high flow years. There is no change from the Existing
Plan in other high flow years.

7.1.3.c Environmentally Preferred Alternative.

Selection of an “environmentally preferred” alternative indicates that both Flexible Plans
are preferable to the Existing plan.  Plan B has the greatest flood prevention benefits
and provides significant benefits to Arrowwood Refuge.  Plan A lowers the Jamestown
peak pool level by an average of 0.3 feet in upper-medium and high flow years, and
lowers the average Pipestem reservoir peak by about 3.2 feet in upper-medium flow
years compared to Plan B, but provides a slightly lower flood prevention benefit.

Pipestem Reservoir clearly has the majority of impacts if either flexible plan is chosen.
Some impacts are positive especially for the Pipestem Reservoir fisheries.  Adverse
impacts for Pipestem project include the potential for lower water quality (due to
potential agri-chemical leaching), and a larger fluctuation zone.  The fluctuation zone
would lose its permanent vegetation, at least during a series of wet years such as
occurred in the 1990’s.  This would require additional management inputs to control
erosion and provide an esthetically pleasing environment for recreationists.

7.1.3.d Other Considerations

The Existing plan, based upon the 1975 Field Working Agreement, is considered the
“No Action” alternative in this study.  As such, it has no impacts because this review of
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the Water Control Plan (WCP) would provide for no change from the existing water
management regime if this alternative were selected.  This is not to say that any
particular management regime has no impacts.  Indeed, this new study and
presentation of a Draft WCP are the result of wrestling with impacts of the existing
approach.

Various impacts to natural resources result from any pattern of river flow.  The impact
that has been brought to the study process in greatest clarity has been that of flooding
the Arrowwood National Wildlife Refuge located just upstream of the Jamestown Dam
Reservoir.  Other natural resource impacts are more subtle and perhaps less dramatic
as the focus moves downstream because effectiveness of the dams to alter
downstream flows diminishes both with distance and the contribution of tributaries to the
flow.

Impacts at the Arrowwood NWR presented in Table 6.2 (and later in Table 7.9) for the
Existing plan are described as “baseline”.  However, in an effort to reduce downstream
flood damages, address dam safety issues, and to reduce impacts to Arrowwood NWR,
deviations from the 1975 FWA have been made.  Although channel capacity in
Jamestown and dam safety have been improved upon, the pursuit of more efficient
operations has resulted in the current studies.  It is possible that some amount of
mitigation at Arrowwood NWR has been avoided by the recent implementation of limited
changes/deviations.

7.1.4 Evaluation of Release Scenarios on Cultural and Archaeological Resources

There is no change from the evaluation made in Chapters 5 and 6.  The changes to the
flexible release plan as represented in Flexible release A and B, do not impact the
previous conclusion.

7.1.5 Evaluation of Release Scenarios on Erosion

There is no change from the evaluation made in Chapters 5 and 6.  The changes to the
flexible release plan as represented in Flexible release A and B, do not impact the
previous conclusion.

7.1.6 Evaluation of Release Scenarios on Dam Safety.

There is a hazard-to-life condition if a flood event occurs that causes overtopping of a
dam embankment.  Dams located above populated areas are normally designed to
safely pass a Probable Maximum Flood (PMF) without overtopping the embankment.
The PMF is estimated using probable maximum precipitation estimates developed by
the National Weather Service.  Recent studies indicate that Jamestown Dam cannot
safely pass the PMF without being overtopped.

The PMF for Jamestown Dam is characterized by a peak inflow of 110,000 cfs and a
volume of 589,500 acre-feet.   The total storage available in the flood control and
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surcharge zone of Jamestown Reservoir is 344,300 acre-feet.  The embankment of
Jamestown Dam will be overtopped by floods exceeding 91 percent of the PMF.   The
probability of overtopping of the Jamestown Dam embankment is very remote; however,
the consequences of failure would be catastrophic.

A dam safety evaluation study was conducted by the Bureau of Reclamation to
determine the appropriate measures needed to mitigate the affect of the potential
overtopping condition.  Options considered were raising the dam embankment,
constructing a larger spillway, and installation of an early warning system.  The risk
reduction impacts of these modifications are being reviewed in a risk analysis to be
completed in calendar year 2000.  Potential future risk reduction activities will depend
upon the results of the risk analysis.

For purposes of this study, an evaluation was made of the impact of alternative
operating plans on the potential for overtopping of the Jamestown Dam embankment.
The Existing release pattern is considered the baseline dam safety plan and any
alternative that causes significant increases in potential for overtopping is considered
unacceptable.  This evaluation indicates that Flexible release A and Flexible release B
alternatives result in no significant change.

7.1.7 Summary of Final Screening.

The following Table 7.9 presents the screening results for the final three plans.  The
flood damages presented for each of the alternatives are from the previous section
tables.  Environmental, cultural and archaeological, erosion and dam safety effects are
described qualitatively or are assigned as either positive or negative.

The existing plan has proven to be adequate in most years.  Flexible plans A and B
seek to improve on the existing plan by adapting it to different types of flow years.  The
objectives of these changes are centered around downstream flood damage reduction
and environmental improvements.  The benefit of the flexible plans to flood damage
reduction occurs in the low and lower medium years when releases are reduced to a
minimum.  The environmental benefit occurs in the upper medium flow years when
Arrowwood NWR is impacted by stored water at Jamestown Reservoir.  It is in these
upper medium flow years where the flexible plans give additional priority to releasing
water out of Jamestown Reservoir.  Flexible Plan A accomplishes this by slightly higher
releases out of Jamestown resulting in higher combined releases.  Since the operation
at Pipestem remains the same as the existing plan, the higher releases from
Jamestown result in slightly higher downstream damages.  Under flexible plan B
Pipestem is used to neutralize these slightly higher damages by storing additional
water.  This results in combined releases for the upper medium flow years that are
nearly identical to the existing plan.
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TABLE 7.9  -  SUMMARY OF FINAL SCREENING FOR FINAL THREE PLANS
Comparison
Conditions

Existing
Release Plan

Flexible
Release Plan A

Flexible
Release Plan B

No
Release

Natural
Flow

Flood damages ($000)
Jamestown (1)  21 22 19  -  2,967
Jamestown to ND/SD line (2) 265 257 252 194  532
ND/SD line to Redfield (3) 1873 1817 1799 1632 3943
Redfield to Yankton (4) 2376 2376 2372 2297 2699
Total flood damages 4535 4472 4442 4123 10141

Environmental effects
In-reservoir fisheries Baseline Positive Positive NA NA

Arrowwood NWR management Baseline Increase
flexibility

Increase
flexibility

NA NA

Reservoir water quality Baseline Positive Positive NA NA

Sand and Dakota Lakes vegetation Baseline No
Change

Positive NA NA

Sand and Dakota Lakes fisheries Baseline No
Change

No
Change

NA NA

Sand and Dakota Lakes refuge management Baseline No
Change

No
Change

NA NA

Downstream water quality Baseline Positive Positive NA NA

Cultural and Archaeological Impacts
Potential for overtopping Jamestown Dam Baseline No significant

change from
baseline

No significant
change from

baseline

NA NA

Erosion
Potential for overtopping Jamestown Dam Baseline No significant

change from
baseline

No significant
change from

baseline

NA NA

Dam safety
Potential for overtopping Jamestown Dam Baseline Reduces

potential for
overtopping

Reduces
potential for
overtopping

NA NA

Footnotes:
(1) The numerical results in this row represent Reach 1 from Table 6.1, which is often called the Urban Region, N.D.
(2) The numerical results in this row represents Reaches 2 and 3 from Table 6.1.  This is often called the Rural Region, N.D.
(3) The numerical results in this row represents Reaches 4, 5, and 6 from Table 6.1.  This is often called the Lake Plain Region, S.D.
(4) The numerical results in this row represents Reaches 7, 8, 9, and 10 from Table 6.1, which is often called the Lower James River
Region, S.D.

7.2 TENTATIVE SELECTION.

<To be completed following receipt of agency and public comments. >
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8.1 COORDINATION.

Coordination with the public, local, state, and federal agencies are essential to assuring
that the chosen plan is the most favorable to all interested parties.  The agencies listed
in Table 8.1 have been involved, in varying degrees, in the review and comment phases
for this report.

TABLE 8.1
AGENCIES INVOLVED

Bureau of Reclamation, Dakotas Area Office LaMoure County Civil Defense
Bureau of Reclamation, Great Plains Regional
Office

Lower Crow Creek Improvement Association

Chairman, Dickey-Sargent Irrigation District Lower Crow Creek Watershed District
City of Jamestown, City Engineer National Weather Service
City of Jamestown, Mayor Natural Resources Conservation Service
Corps of Engineers, Omaha District ND Game and Fish Department
Corps of Engineers, Pipestem Project Office ND State Water Commission
Corps of Engineers, Reservoir Control Center ND State Water Commission, Chief Engineer
County Commission, Beadle County Jamestown, ND, Office of the City Engineer
County Commission, Brown County Prairie Partners
County Commission, Brown County SD Dept. of Environment and Natural Resources
County Commission, Hanson County SD Game, Fish and Parks Department
County Commission, Hutchinson County SD State Conservationist
County Commission, Sanborn County SD State Historical Preservation Center
County Commission, Spink County Stutsman County Civil Defense
County Commission, Yankton County Stutsman County Park Board
Dickey County Civil Defense U.S. Fish and Wildlife Service
Fish and Wildlife Service, Ecological Services U.S. Fish and Wildlife Service, Arrowwood NWR
Garrison Diversion Conservancy District U.S. Fish and Wildlife Service, Kulm Wetland

Management District
Garrison Diversion Conservancy District, Oakes
Field Office

U.S. Fish and Wildlife Service, Sand Lake Refuge

James River Water Development District Upper Crow Creek Watershed District

8.2 MEETINGS.

Interagency coordination meetings concerning the update of the water control manuals
were held in Jamestown, North Dakota, and Aberdeen, South Dakota, on October 25
and November 21, 1995.  Local, state, and federal agencies from each state were
invited to the meetings, and input was requested from the agencies regarding any
concerns that need to be addressed in the water control manual update process.

Public coordination meetings concerning the update of the water control manuals were
held in Jamestown, North Dakota, and Aberdeen, South Dakota, on February 1, 1996.
The purpose of the meetings was to discuss the plans for the water control manual
updates and to solicit comments from the public on the exiting operation of the projects,
as well as suggestions on alternative operating plans.

Public scoping meetings were held again on December 3-4, 1996 in Jamestown, North
Dakota, Aberdeen, and Huron, South Dakota.  The meetings were conducted to provide
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an opportunity for public input to the scoping process and to help define the NEPA
document that will accompany the water control manual updates.

Additional agency review meetings were held on November 25, 1997, in Jamestown
and Aberdeen.  At the meetings preliminary results of the hydrologic/flood damage
analysis modeling of the proposed operating plans was presented.

The November 25, 1997, meeting was followed by additional agency meetings in
Jamestown and Aberdeen conducted on July 28, 1998.  At this meeting additional detail
on the results of the economic modeling was presented.

On March 7, 2000, in conjunction with the annual Jamestown and Pipestem Reservoir
Operation Meeting, an early version of the draft Water Control Plan Review and Update
Report was presented to the agency group for their input and comment.  Subsequent
meetings were held on April 12, April 25 and May 4,  2000 to assist in providing
feedback on the two flexible release plans described in Chapter 7.

This document is a culmination of the research, development and agency/public input
process.
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9.1 RECOMMENDED PLAN.

<To be completed following receipt of agency comments and public hearings.>

9.2 IMPLEMENTING THE PLAN.

<To be completed following receipt of agency comments and public hearings.>
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1 STUDY PURPOSE

The intent of this analysis is to identify reservoir release scenarios for Jamestown and Pipestem
Dams which will limit flooding damages along the James River in North and South Dakota.

There have been five continuous year of flooding throughout the basin from 1993 to 1997.  New
flood damage analyses have been performed to determine the impacts of the recent flooding on the
expected annual damages for various reservoir release scenarios.

2 STUDY METHODOLOGY

To evaluate flood damages associated with high flows along the James River for existing and with-
project flows, the program AFDAM (Agricultural Flood Damage Analysis Model) was used.
AFDAM essentially models the daily flows for the years 1955 through 1997 and determines the
agricultural damages associated with the flows as a function of time of year, duration of flooding,
land use, and soil recovery periods.

3 BASIN DESCRIPTION

The James River basin occupies about 14,000 square miles in eastern South Dakota. Another 8,000
square miles is in south-central North Dakota. The basin width averages about 60 miles wide, but the
length is 370 miles. The basin in South Dakota is bounded by the Missouri River drainage to the
west and the Big Sioux and Vermillion River basins to the east and southeast.

The James River is the longest of the prairie streams in the Missouri River drainage. From its
headwaters in North Dakota it flows southward for a distance of 747 river miles, 474 miles of which
are in South Dakota.

4 TOPOGRAPHY AND DRAINAGE

The basin is located in the Drift Prairie section of the Central Lowlands Physiographic Province. The
landscape ranges from almost level to undulating and rolling with numerous wetland and lake basins.

A considerable amount of the basin area is poorly integrated and noncontributing. A few of the larger
and deeper depressions contain water most of the time.

The James River has the flattest gradient of any river its length in North America. The river falls
only about 135 feet along its entire 474-mile course in South Dakota.

In South Dakota, the river enters a large, flat area covering about 2000 square miles which is known
as the Dakota Lake Plain.  Here, the stream gradient flattens drastically and the channel in several
reaches nearly disappears.  Because of this situation, a unique hydrologic phenomenon occurs during
periods of high runoff.  Due to the much steeper gradients of tributaries, high tributary flows enter
the mainstem at rates far in excess of the ability of the flat, small mainstem channel.  This causes
floodwaters in the main stem to flow northward (reverse) at the junctions of at least three tributaries
and creates substantial reverse flows.  Due to low gradient and ponding, drainage of flood waters
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from the Lake Plain takes several weeks.  The outlet is located in a constricted part of the James
River Valley about 12 miles east of Redfield.

Downstream from the Lake Plain to its confluence with the Missouri River, the James River Valley
is well incised into glacial drift, and drainage is somewhat better but still sluggish.  The stream
gradient is slightly greater, but is still very low, averaging 3 to 4 inches per mile.  Flows are
intermittent to about the Mitchell area, where high flows from the larger tributaries can also create
backflows.

5 VALLEY AND CHANNEL MORPHOLOGY

At its headwaters in North Dakota, the river is merely a series of small marshes with no valley and
poorly defined channel. Downstream from Jamestown the valley becomes entrenched and the channel
becomes larger until it reaches a width of about 100 feet, and obtains a channel capacity of 1,000 to
2000 c.f.s. Channel slope decreases from about 2.5 feet per mile to about 0.5 feet per mile.

In South Dakota the valley and the channel changes considerably along its 474-mile course. On the
basis of valley trench depth, channel sinuosity and channel slope, the river can be divided into three
general segments: (1) the Dakota lake plain to Redfield; (2) Redfield (southern edge of lake plain) to
Huron; and (3) Huron to the mouth. In the upper lake plain, the valley is wide, very subtly
entrenched, and the channel almost disappears. On a nearly flat valley gradient (0.05 feet per mile)
the river is impounded by Houghton and Columbia road dams. Near Columbia the river valley is
somewhat deeper but remains very broad due to the extensive meandering. From Sand Lake to the
downstream end of the lake plain the channel meanders for 150 miles although the valley length and
is only 67 miles. Meander scars and old oxbows are common, and even many of the oxbows are
relatively deep and hold water for long periods after overbank flooding. The gradient of the channel is
less than 0.1 foot per mile in a 20-mile reach in southern Brown County. From Redfield to Huron, the
valley is more entrenched and is quite narrow while the channel is relatively straight and
well-defined. The slope in this reach is slightly greater and averages about 0.3 feet per mile.
Downstream from Huron the depth of the trench becomes progressively deeper, and the river is also
highly meandered in several areas, especially from Mitchell to the mouth. Downstream from Huron
to the mouth, the river channel covers 244 miles in a valley 144 miles long. In this reach, the channel
slope varies from about 0.3 to 0.4 feet per mile, but there are some local anomalies. Between
Rockport dam to Mitchell for example, the river channel actually has a negative slope over a distance
of 20 miles. This is caused by bed control provided by at least two mayor outcrops of Sioux
Quartzite, which creates a long, natural river pool. Additional control is provided by Rockport Dam.

Tributary channels are generally smaller than the James River channel, with the exception of that of
the Elm River. Slopes of the principal tributaries are: Elm River, 1.2 to 6.0 feet per mile, with an
average of 3.0 feet per mile; Snake Creek, 1.3 to 7.0 feet per mile, with an average of 4.0 feet per
mile; Turtle Creek, 2.5 to 12.5 feet per mile, with an average of 5.5 feet per mile; and Firesteel Creek,
5.0 to 8.0 feet per mile, with an average of 6.5 feet per mile.

6 CHANNEL STABILITY
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There are two reaches where major concerns have been identified about channel conditions: (1) the
lake plain area, where a constricting trend is established; and (2) the lower 13 miles of river near its
confluence with the Missouri, where a widening and degradation trend exists. While there has been a
general loss of channel conveyance in the lake plain between Sand Lake and the confluence of Mud
Creek, two reaches are particularly limiting. This is the reach between Sand Lake and Columbia and
the reach between Bath and the Stratford gage. Capacities have decreased to below 50 c.f.s. in the
former, apparently due to sediment deposits from Elm River backflows and the trapping effect of
heavy growth of marsh vegetation. Between Bath and Stratford, flow capacities have shrunk to about
150 c.f.s. in some areas. It is suggested that dense and tall marsh growth filters sediment from flood
flows originating in the Elm River and Crow Creek basins and that this sediment then becomes
stabilized. During 1986-1987, it was noted that constriction was pronounced in some bendways;
sediment deposition on the point bars apparently exceed erosion rates on the outer banks. Further, a
channel constructed in the 1950's accumulated mid-channel sediment deposits that were from 2 to 3
feet thick. During a low-flow period in 1988, these bars were becoming stabilized by hydrophytic
vegetation.  Along the lower river, the main problem is bank sloughing and scour. Above Izaak
Walton Dam, sloughing due to bank collapse after prolonged periods of high water is a likely causal
mechanism, whereas below the dam, high velocities and bank scour are considered to be major
factors.

Table 1
Changing Channel Capacities in the James River

Channel Capacities (c.f.s.)
 Location 1944 1980 1985 1989

Sand Lake Outlet 400 200 150 50
Columbia gage 1,500 700 475 400
Tacoma Park 1,500 425 400 400
U.S. Highway 12 900 300 325 400
Moccasin Creek Confl. 800 400 250 150
Stratford gage 1,000 500 400 750
Mud Creek Confl. 1,000 1,000 1,000 750
Ashton 900 1,700 1,900 1,000
Snake Creek Confl. 3,000 3,000 2,150 1,000
James River Div. Dam 3,200 3,800 2,850 N/A
Huron gage 3,200 3,000 2,800 N/A
Forestburg gage 3,200 3,400 2,500 380
Mitchell gage 2,200 2,000 3,300 675
State Highway 42 2,400 2,600 2,800 675
State Highway 44 3,800 3,400 3,200 675
Olivet 3,800 2,800 3,800 675
Scotland gage 2,300 2,600 4,000 950
Johnson bridge 10,000 10,000 10,000 N/A

Sources: USACE, 1944; MRBC Technical Paper, 1980; USBR, 1989. The USBR data are not specific to a particular gage or
location. They are based on the flow in which 90 percent of the cross sections did not exceed their bankfull capacity. The USBR
data are based on 3,100 cross sections along the river.
N/A Data not available.

7 BASIN FLOODING CAUSES
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Floods on the James River in northern South Dakota result primarily from early spring snowmelt,
usually in March or April. While snowmelt also has caused most of the floods in the remainder of the
basin, rainfall has contributed to significant flooding below the lake plain region from Redfield to the
mouth.

Snowmelt floods result characteristically from rapidly rising temperatures which quickly release the
water contained in snow remaining on the ground at the end of winter. Ordinarily, this snow cover
has a water content which increases towards the northern half of the basin. The equivalent depth of
water available for release from snow and ice ordinarily is low, seldom exceeding about 1 inch.
Rainstorm floods usually result from intense rainfall on previously saturated grounds.

As a result of the moderate to steep slopes of most of the tributaries, the extremely flat gradient of the
James River, and its limited channel conveyance, the tributaries discharge floodwaters into the James
River valley faster than the river can carry them away. In major floods, this results in a peak
discharge from the James River which is much less than peak tributary outflows. The most noticeable
effects of this excess of tributary discharges over the main channel carrying capacity occur at the
mouth of the Elm River and at the mouth of Snake and Turtle Creeks, where reverse main stem flows
occur. In each case, the peak flows from the tributaries arrive at the James River in advance of the
long, flat flood waves coming down the mainstem from above. Also, the peak flows in the James
River below these tributaries are caused by tributary outflows which are higher than the discharges of
upstream flows on the James River. In the lower basin below Huron, the effects of individual
tributaries are less noticeable, but the great number of smaller tributaries, patterned for quick
concentration of runoff, have a cumulative effect even more severe than any of the larger individual
tributaries in the middle and upper basin. Also, there are local reports of backup/reverse flow in the
reach between the Beadle County line and Forestburg. Redstone Creek and/or Sand Creek may create
this problem at times, although reduced main stem channel capacity is also a likely problem. In
practically all cases the tributary flood hydrographs are moderately flashy and of relatively short
duration. Flood hydrographs of the James River, except for a few miles below the mouths of the
major tributaries, are characterized by slow rises, long flat peaks, and extremely prolonged recession
periods, sometimes resulting in flood durations of more than a month.

8 FLOOD HISTORY

Major floods occurred on the James River in 1881, 1888, 1897, 1920, 1922, 1942, 1943, 1950, 1952,
1962, 1969, 1984, 1986, and 1993 - 1999. Minor floods are numerous. Records are scarce
documenting the floods which occurred prior to the 1940's. However, previous investigations
disclosed that the floods of 1897 and 1922 apparently were quite comparable in magnitude to the
early spring flood of 1943, with the 1922 flood slightly higher through South Dakota. In both
instances it is known that the Elm River was a large contributor to the James River floods, as in 1943.
In 1920 the James River rose to flood stages through South Dakota in late March, early April, and
again in May. Heavy rains which occurred in June and July of that year caused flooding in the lower
valley.

8.1 Flood of 1942. Storms which occurred in late April and the first half of May 1942 resulted in
flooding which was confined primarily to the James River below Huron. At Huron the peak discharge
was estimated at only about 600 c.f.s. While no tributary records were available, estimated peak
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discharges for each stream in the affected area, including Cain Creek, Redstone Creek, Sand Creek,
Rock Creek, Enemy Creek, and Twelvemile Creek were 1,000 c.f.s. or higher. Firesteel and Wolf
Creeks had estimated peaks of 4,000 c.f.s. and 3,000 c.f.s., respectively. At the Scotland gaging
station, the peak discharge was 10,800 c.f.s. on May 15.

8.2 Flood of 1943. Rapidly rising temperatures about 2 weeks after the severe March 1943 snowstorm
resulted in a major flood in the James River valley throughout North Dakota and in northern South
Dakota. Although James River discharges flattened off below Huron, flooding in the valley in
Yankton and Hutchinson counties occurred as a result of backwater from a coincident flood on the
Missouri River. On March 26, the estimated peak discharge for the Elm River was 7,700 c.f.s., which
caused water to run upstream in the James River about halfway to the North Dakota State line and
caused flooding at Aberdeen. Farther downstream in South Dakota, estimated peak discharges from
tributaries included Snake Creek (3,500 c.f.s.) on March 26, Turtle Creek (6,000 c.f.s.) on March 25,
and Foster Creek (1,500 c.f.s.) on March 25. At Huron, the James River peaked on March 30 with a
discharge of 3,000 c.f.s. At the Scotland gage, the peak discharge of 3,110 c.f.s. occurred on April 14.

8.3 Flood of 1950. The flood of April and May 1950 on the James River was caused primarily by
rapid melting of a comparatively heavy accumulation of ice and snow in the upper James River Basin
in North Dakota. The severity and extent of flooding were intensified, however, by heavy
precipitation in both North and South Dakota during early May. Accumulation of snow in eastern and
central North Dakota began late in December 1949. Above-normal precipitation in the form of snow
during the period December through March, coupled with intermittent periods of light thawing, left
the ground sheathed with ice under a heavy snow cover. It was estimated that at the end of March the
snow cover over the James River basin in North Dakota averaged over 2 inches in equivalent water
content, which translates to approximately 900,000 acre-feet of water in storage in the form of ice and
snow. Warm weather which began on April 14 caused rapid thawing, and by April 17 practically all of
the accumulated moisture was in or moving toward the stream channels. Appreciable precipitation
during the first 10 days of May, totaling 3.5 inches at Jamestown, North Dakota, greatly augmented
the flood volume and prolonged the duration of severe flooding.

Severe flooding in North Dakota began about April 17, in which Jamestown was inundated by
floodwater from Pipestem Creek, and again 4 days later by floodwater from the James River.
Flooding progressed downstream, reaching the North Dakota-South Dakota State line on April 22 and
flooding soon became serious along the entire length of the James River in Brown County, South
Dakota.

As a result of rainfall during the first 10 days of May, another rise occurred in North Dakota reaching
a peak stage at Jamestown on May 12 only 0.1 feet lower than the peak stage which occurred on April
21. Discharge from the Elm River peaked at 1,870 c.f.s. on May 11, which aggravated flood
conditions on the James River downstream from its confluence. Peak discharge of 5,420 c.f.s.
occurred at Columbia on May 24, while discharges exceeding 5,000 c.f.s. were common along the
James River during May.

In South Dakota, an estimated 37,800 acres of land were flooded in Brown and Spink counties by the
James River, and 2,200 acres were flooded by the Elm River. The area flooded was predominantly
devoted to agriculture. No municipal areas were severely affected, but the Columbia municipal park
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and the Tacoma Park area were flooded. Approximately 1.5 miles of agricultural levees were washed
out in Brown County. Direct and indirect flood damages were estimated to be approximately
$900,000, based on 1950 values.

8.4 Flood of 1952. The April 1952 flood was caused primarily by snowmelt from the basin upstream
from Redfield. Peak discharge at Columbia of 3,580 c.f.s. occurred on April 17. Peak discharges of
7,520 c.f.s. from the Elm River on April 8, 6,420 c.f.s. from Turtle Creek on April 10, and other
tributaries produced a peak discharge on the James River at Redfield of 6,100 ~c.f.s. on April 11.
Peak discharges exceeding 6,000 c.f.s. were maintained downstream from Redfield with the peak
discharge at Scotland of 6,480 c.f.s. occurring on April 23. Extensive flooding also occurred in the
Elm River and Moccasin Creek basins, affecting Aberdeen.

8.5 Flood of 1962. Flooding during 1962 occurred primarily along the -James River downstream
from Redfield. At Redfield, the peak discharge was 2,000 c.f.s. on April 4; 6,250 c.f.s. at Huron on
April 2; 12,000 c.f.s. at Forestburg on March 31; and 15,200 c.f.s. at Scotland on April 3. Heavy
snows during February and March, coupled with rapidly rising temperatures during late March and
early April, quickly melted the snowpack. Huron received nearly 65 inches of snow during February
and March. Forestburg and Mitchell received 50 inches of snow, Redfield received 30 inches, and
Yankton received 20 inches. The average water content of the snow was about 10 percent.

8.6 Flood of 1969. Classified as one of the worst floods on record, the 1969 flood caused extensive
damage throughout the basin. Heavy snowstorms which occurred during the winter of 1968-1969
caused an accumulation of an average water equivalent of 3.75 inches over the James River basin by
mid-March. Although a few warm days were experienced during mid-March (which served to further
ripen the snow pack), the major snow melt period did not begin until the first week of April. The peak
discharge of 4,670 c.f.s. at Columbia occurred on April 22. At Redfield, the peak discharge of 7,310
c.f.s. occurred on April 13, and at Scotland, the peak discharge of 14,000 c.f.s. occurred on April 13.
Tributary peak discharges generally exceeded those at the main stem gage stations with the Elm
River peaking at 12,600 c.f.s. on April 10, Snake Creek peaking at 6,980 c.f.s. on April 10, and Turtle
Creek peaking at 7,660 c.f.s. on April 7.

Approximately 30,000 acres were flooded along the James River in North Dakota. In South Dakota,
flooding along the main stem approximated 80,000 acres. In the reach of the James River between
Oakes, North Dakota, and Aberdeen, South Dakota, high tributary inflow, primarily from the Elm
River, caused the river to flow upstream into the Sand Lake National Waterfowl Refuge. This flow
along with flow moving downstream from Oakes caused flooding around the refuge. Emergency
dikes were constructed at La Moure, North Dakota, and at Aberdeen and Hecla, South Dakota.
Residents were evacuated at Jamestown, Hecla, Tacoma Park, Aberdeen, and Westport.

8.7 Flood of 1984. During late March, floods in the upper part of the lake plain were caused
primarily by peak flows of 1,650 c.f.s. from the Elm River. Neither the Elm River nor the main stem
discharges caused flooding downstream from the lake plain at that time because of adequate
downstream channel capacity. Intense thunderstorms which occurred over the lower basin during
June caused record flood discharges downstream from Mitchell. While the 1984 flood affected both
the lake plain and the lower river, over 85 percent of the discharge volume was generated by
tributaries downstream from Redfield.
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Record peak discharge of 29,400 c.f.s. occurred at Scotland on June 23, which was nearly twice as
large as the previous record flood. Major flood damage occurred from Mitchell to the confluence
with the Missouri River. In addition, extensive channel degradation occurred in the lower 5 miles in
the form of channel widening and lowering. The resulting degradation forced the closing of one of
the Highway 50 bridges east of Yankton because of the undercutting of a bridge pier. Approximately
27,100 acres of primarily agricultural land were inundated by floodwaters which resulted in an
estimated $6 million in agricultural damages. The flooding was particularly hard on bottomland
farmers in the lower basin, as planting of crops was prevented in most areas. Based on gage records
at Scotland, flooding of bottomlands occurred at several different times-April 4-6, April 12-24, June
12-15, and June 18-July 11.

8.8 Flood of 1986. During early 1986, rainstorms caused both the Elm River and the main stem to
flood large areas of the lake plain in Brown County. Snake Creek, Turtle Creek, and other tributaries
discharged sufficient water to aggravate flooding along the Redfield to Huron reach. Below Huron,
heavy tributary discharges continued over a several week period, and flooding worsened
downstream. Peak discharges of 4,060 c.f.s. occurred at Redfield on May 12; 5,010 c.f.s. at Huron on
March 23; and 12,200 c.f.s. at Scotland on April 19. At Scotland the river flow was over 4,000 c.f.s.
continuously during the period from March 29-June 3. This prevented the planting of crops, caused
swamping, and damaged normally flood tolerant trees such as green ash and boxelder. In Brown
County extensive areas of swamping was noted between Sand Lake and Stratford. Several thousand
acres were not planted and were invaded by cattails and other hydrophytic vegetation. High densities
of crayfish were noted in old cropland stubble, which attracted large flocks of wading birds such as
herons and egrets. By the summer of 1988, after a 1-year recovery period, these lands still were not
producing well. Stands of barley and wheat were very thin and short, likely yielding less than 20
bushels per acre.

8.9 Flood of 1993.  Flooding with the James River Basin during 1993 resulted from above average
spring rainfall and an intense July rainfall.  Storms across the lower basin on July 2 produced rainfall
amounts in South Dakota from 5 to 7 inches.  In the upper basin, a storm on July 15-16 produced
rainfall totals from 4 to 7 inches in a 50-mile wide path from Bismarck to Fargo, North Dakota.  This
storm produced a peak discharge of approximately 1,300 cfs for the James River at Jamestown and
releases were completely shut off from both Jamestown and Pipestem Dams.  Another storm on July
23-25 produced from 5 to 7 inches of rain over the Upper James River Basin.  The July rainfall
events raised the pool levels of Jamestown and Pipestem Reservoirs almost 40 percent into the
combined flood control storage.  This prompted record high releases from the projects.  The high
releases were required in order to lower the pool levels of both projects before winter freeze up and
to free flood control storage for the spring snowmelt.  A combined  release of approximately 950 cfs
was used to lower both reservoir pools.  It is estimated that the combined effects of both reservoirs
reduced the peak discharge at Jamestown from a without-project flow of approximately 7,500 cfs
down to the actual flow of 1,300 cfs on July 16.  The without-project flow would have been a new
record discharge.

James River gaging locations in the lower part of the basin experienced significant peak stages and
discharges in early July while the upper basin stations recorded significant discharges later in the
month.  A comparison of the size and timing of the peak discharges at Scotland and Forestburg



APPENDIX A – HYDROLOGY

A-8

indicates that the significantly high streamflows of the James River at Yankton and Scotland were
generated within the lower basin.  This is further substantiated by an examination of the peak
discharges recorded on the James River tributaries within this reach.  These tributaries peaked with
significantly high discharges during the July 5-6 period.  This also corresponds closely with the
reports of the July 2 rainfall amounts of 5 to 7 inches in an area from Mitchell to Madison, South
Dakota.

8.10 Flood of 1995.    Unusual high spring snowmelt runoff into Pipestem and Jamestown
Reservoirs resulted in inflows more than four times greater than normal.  A snowpack containing 3
to 4 inches of water equivalent accumulated over the winter months in the drainage basins upstream
from Pipestem and Jamestown Reservoirs.  With frost depths up to 4 feet deep and depression
storage areas filled from record runoff the previous fall, nearly all of the water accumulated in the
snowpack resulted in runoff during a rapid warmup which began in mid-March.

8.11 Flood of 1997.  Calendar year 1997 was the fifth consecutive year of significant flooding
along the James River in North and South Dakota.  A wet cycle that began in 1993 has caused long
duration flooding significantly impacting landowners adjacent to the James River.  The wet cycle has
also filled depression storage areas and increased the effective contributing drainage area to flows in
the river.   Average basin snowpack by mid-March was estimated as 3.9 inches above Scotland and
3.5 inches above Jamestown.  These values compared to 4.0 and 4.5 inches in 1969, respectively.
This unusual heavy snowpack, coupled with the wet antecedent conditions, resulted in record flood
stages along the James River from the North Dakota – South Dakota border to below Mitchell.
Stages were more than four feet above the previous record flood from Ashton to near Forestburg.

In addition to record floods on the main stem of the James River, several tributaries including Snake
Creek and Turtle Creek near Redfield produced record floods.  At Westport, the Elm River Stage
was within 0.4 feet of it previous record stage.

At Scotland, the James River went above flood stage on 12 March and remained above flood stage
until the end of June.  At Columbia, the stage exceeded flood stage for about six months beginning
on 24 March.  Because of the flat gradient of the James River in the Lake Dakota plain region of
northern South Dakota, the river actually flows backwards (reverse flows) when tributary flows are
high.  At Columbia and Ashton, the reverse flows of record occurred with –2,430 cfs at Columbia on
March 30 and –8,450 cfs at Ashton on 1 April.  In South Dakota only five bridge crossings out of
105 over the James River remained open throughout the flood.  These crossings were Interstate 90
near Mitchell, Highway 12 near Aberdeen, Highway 37 north of Mitchell, Highway 18 and Highway
50 near Yankton.

9 PEAK DISCHARGE FREQUENCIES

Preliminary discharge-frequency analysis of six James River gaging locations using Bulletin 17B
procedures utilizing log-Pearson Type III probability distributions with expected probability
adjustments have been accomplished.  There was no historical weighting of the values.  Frequency
analyses were based on the entire period of record through 1997.  Frequency analyses were also
performed for the period of record up to 1992 to evaluate the impacts of the 5 recent flooding years
of 1993 to 1997 on the various return interval flood estimates.
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Table 2
Peak Discharge-Frequencies

Through 1992

            Drainage Number RETURN INTERVAL
             Area     of
 Station     (mi2)   Years    Q2        Q5       Q10       Q25       Q50      Q100      Q500

COLUMBIA    5857.0    47     440.     1380.     2360.     3590.     5560.     7350.    12400.
ASHTON      9742.0    47     561.     1360.     2190.     3250.     5120.     6990.    13400.
REDFIELD   13911.0    43     865.     2220.     3540.     5160.     7790.    10200.    17500.
HURON      15869.0    53    1320.     2970.     4520.     6400.     9480.    12300.    21200.
FORESTBURG 17590.0    43    1450.     4090.     6820.    10300.    16200.    21800.    39200.
SCOTLAND   20653.0    64    2070.     5110.     8250.    12300.    19400.    26400.    50200.

Through 1997

            Drainage Number RETURN INTERVAL
             Area     of
 Station     (mi2)   Years    Q2        Q5       Q10       Q25       Q50      Q100      Q500

COLUMBIA    5857.0    52     526.     1620.     2700.     3990.     5970.     7650.    12100.
ASHTON      9742.0    52     663.     1730.     2870.     4400.     7170.     9990.    20000.
REDFIELD   13911.0    48    1040.     2930.     4960.     7620.    12300.    16900.    32100.
HURON      15869.0    58    1510.     3740.     6060.     9060.    14400.    19600.    37600.
FORESTBURG 17590.0    48    1760.     5230.     8990.    13900.    22300.    30400.    56300.
SCOTLAND   20653.0    69    2360.     6210.    10300.    15800.    25800.    35800.    70800.

Percent increase from 1992 to 1997

    Drainage Number RETURN INTERVAL
             Area     of
 Station     (mi2)   Years     Q2      Q5     Q10     Q25     Q50    Q100   Q500       AVE

COLUMBIA    5857.0    47      20%     17%     14%     11%      7%      4%    -2%          10%
ASHTON      9742.0    47      18%     27%     31%     35%     40%     43%    49%         35%
REDFIELD   13911.0    43      20%     32%     40%     48%     58%     66%    83% 50%
HURON      15869.0    53      14%     26%     34%     42%     52%     59%    77% 43%
FORESTBURG 17590.0    43      21%     28%     32%     35%     38%     39%    44% 34%
SCOTLAND   20653.0    64      14%     22%     25%     28%     33%     36%    41% 28%

Average 18% 25%  29%  33%   38%   41%   49% 33%

The numbers indicate that the five recent flooding years have a significant impact of the discharge-
frequency estimates, averaging a 33% increase for all stations for all return intervals.  Plates 1 – 6
show the discharge-frequency relationships for the stations.

10 DOWNSTREAM FLOOD DAMAGES

The economic damages due to flooding along the James River were computed using the Agricultural
Flood Damage Analysis Model (AFDAM), which was developed by the Omaha District of the U.S.
Army Corps of Engineers. AFDAM model is based on the period of record approach for estimating
average annual flood damages. That approach to flood damage analysis consists of assessing flood
damages based on a period of continuous streamflow rather than on a probabilistic methodology.
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Continuous streamflows can be obtained from actual historical record or can be synthesized. This
method has the advantage for estimating agricultural flood damages in that it is intuitively simple to
understand and it is relatively easy to incorporate the effects of duration of flooding and time of year
into the crop damage calculations. Additional details on inputs, outputs, and operation of these
models are provided.

The AFDAM model performs the following tasks:

1. Determines the daily discharges in each reach of the river for the entire period of
simulation.

2. Using discharge-flooded area relationships for each reach, determines the daily flooded
areas for each reach.

3. Based on percent of crop type for given stages, determines the area of each crop type that
would be inundated.

4. Once the acres flooded for each crop type are known, the percent crop loss is estimated
based on time of year, duration of flooding and recovery period.

5. All possible combinations of flooding length and the recovery period are searched to
estimate the maximum damage potential for each year.

6. Annual maximum infrastructure damage is based on the maximum daily flow factored by
the ratio of instantaneous peak flow to mean daily flow.

Rural flood damages along the James River main stem within North and South Dakota from
Jamestown, N.D. to its confluence with the Missouri River were estimated on an annual basis. The
methodologies, assumptions, and results of the analysis for the James River main stem rural flood
damage assessment are discussed in the following paragraphs.

10.1 PERIOD SELECTION

Streamflow records for the main stem of the James River have been collected and published by the
USGS at 10 stream gages within South Dakota. Records vary in length from 60 years at Scotland to
12 years at Mitchell. Table 1 lists the location of stream gages along the James River main stem and
their associated record lengths. Existing flood control storage in the basin is at Jamestown Reservoir
(185,455 acre-feet) and Pipestem Reservoir (137,010 acre-feet). Jamestown Reservoir began
operation in 1953, while Pipestem Dam was closed in 1973. For purposes of this study, the period of
record was selected to reflect the operation of Jamestown Reservoir (1953-1997).

Table 3
James River Streamflow Gage Record

Total Contributing
USGS Drainage Drainage
Gage Area Area
Number Location (mi2) (mi2) Dates

06470000 Jamestown 2820 1170 June ‘28-Sep ’33,
Mar. ‘35-May ’35,
Aug ‘37-Sep ’39,
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Table 3
James River Streamflow Gage Record

Total Contributing
USGS Drainage Drainage
Gage Area Area
Number Location (mi2) (mi2) Dates

Apr ’43- Present
06470500 LaMoure 4390 1790 April ’50 – Present
06470830 Oakes 5320 2020 Oct. ’82 – Present
06470875 Dakota Lake 5480 2180 Oct. ’81 – Present

Dam near
Ludden

06471000 Columbia 5857 2481 Oct. ’45 – Present
06472000 Stratford 8865 4860 Mar. ‘50-Sep. ’72,

Oct. ‘76-Sep. ’77
06473000 Ashton 9742 5673 Oct. ’45 – Present
06475000 Redfield 13,911 9793 Mar. ’50 - Sep ’90
06476000 Huron 15,869 11,721 Aug. ‘28-Sep’32,

Aug. ’43 – Present
06477000 Forestburg 17,590 13,442 Mar. ’50 – Present
06478000 Mitchell 19,064 14,916 Jul. ‘53-Sep. ’58,

Aug.‘65-Sep. ’72
06478500 Scotland 20,653 16,505 Sep. ’28 – Present
06478513 Yankton 20,942 16,794 Oct. ’81 – Sep ’95

10.2 REACH SUBDIVISION

For modeling purposes, the James River main stem was subdivided at stream gage locations into ten
reaches as shown in Table 4.  Three major tributaries were included in the model for purposes of
analyzing tributary flood storage benefits to the main stem. Tributaries included were the Elm River
(Reach 5), Snake Creek (Reach 7), and Turtle Creek (Reach 7). All other tributaries were not
simulated, but their contributing inflows were reflected in the reach gains.

Table 4 – James River Subdivision
Length      Tributaries

Reach Location (miles)        Modelled 

1 City of Jamestown 7 None
2 Jamestown to LaMoure 40 None
3 LaMoure to Stateline 33 None
4 Stateline to Columbia 25 None
5 Columbia to Stratford 79 Elm River
6 Stratford to Ashton 45 None
7 Ashton to Redfield 19 Snake Creek
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Table 4 – James River Subdivision
Length      Tributaries

Reach Location (miles)        Modelled 
Turtle Creek

8 Redfield to Forestburg 105 None
9 Forestburg to Scotland 134 None
10 Scotland to Yankton 55 None

10.3 MISSING DATA SYNTHESIS

Since streamflow records were not available at all the streamgages for all years of the study period
(1953-1987), missing records were synthesized by various methods. Records were not available in
some years for the James River at Stratford, Snake Creek at Ashton, and Turtle Creek at Redf1eld.
For the James River at Stratford, streamflow records were available for the water years 1953 through
1973 and 1977. Streamflow records for the James River at Ashton were substituted for the missing
years of 1974 through 1976 and 1978 through 1997. The Ashton daily flows were backrouted to the
Stratford gage with a lag time of 5 days before substitution. A reach gain of zero was used for the
missing data years.

For Snake Creek at Ashton, streamflow records were available for the water years of 1956 through
1969, 1977 through 1979, and 1984 through 1989. Streamflow records for the South Fork Snake
Creek near Athol were substituted for the water years 1953 through 1955 and 1970 through 1972.
The streamflows for the South Fork Snake Creek were increased by 24 percent to account for the
drainage area difference (2,657 square miles versus 1,743 square miles). Zero flows were used for
the years in which no records were available,1973 through 1976, 1980 through 1983, and 1990-1995.
For Turtle Creek at Redfield, streamflow records were available for the water years of 1953 through
1972. For the water years 1973 through 1981 and 1985 through 1986, recorded streamflows for
Turtle Creek at Tulane and Medicine Creek near Zell were combined and substituted for the missing
data years at Redfield.

10.4 STREAM ROUTINGS/GAIN CALCULATIONS

Since a time interval of 1 day was used in computation of flooded areas, streamflow routing effects
were required in the analysis to separate the attenuation effects of channel/overbank storage and
those effects of proposed storage alternatives. A hydrologic method of streamflow routing  was
selected for this analysis study. This method, referred to as the Progressive Average Lag or Straddle
Stagger method, is a routing technique in which a number of inflow values are averaged and the
mean value is lagged by the travel time of the flood wave to yield the discharge and time of
occurrence of one value of the outflow from the reach.  Although it is recognized that travel time
varies with discharge, it was assumed for purposes of this study that travel time would be constant
for each reach. This simplifying assumption greatly reduces the complexity and amount of effort
required in the analysis. The majority of the error introduced by this simplifying assumption would
occur during lower flow conditions during which little or no damage would occur. Therefore, the
error would not introduce significant bias into the results. Use of the Straddle-Stagger routing
method required estimating the lag time and number of days to average before lagging for each
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reach. These routing parameters were estimated using historic floods.  HEC-1 Flood Hydrograph
Package was used to optimize the two routing parameters.  Previous floods occurring in years: 1950,
1952, 1966, 1969, 1993, and 1994 were used in HEC-1 to optimize the routing coefficients.  Table 5
shows the results of the optimizations and the final selected values.

Table 5 – Routing Coefficients
HEC-1 Optimized Values (Days)

1950 1952 1966 1969 1993 1994 Selected
Reach Ave -Lag Ave-Lag Ave-Lag Ave-Lag Ave-Lag Ave-Lag Ave-Lag

Jamestown to LaMoure 2        3 -         - 2         2 2         2 2         4 3         1 2         3
LaMoure to Columbia 5        7 3         9 9         9 8         7 9         9 9         8 7         8
Columbia to Stratford -         - -         - 2         4 1         1 -         - -         - 2         4
Stratford to Ashton 2        5 3         3 2         6 1         1 -         - -         - 2         5
Ashton to Redfield -         - -         - 1         1 1         1 -         - -         - 2         1
Redfield to Forestburg 9         6 -         - 2         4 1         1 -         - -         - 9         6
Forestburg to Scotland -         - -         - 9         9 2         1 1         1 2         3 6         6
Scotland to Yankton -         - -         - -         - -         - 2         1 2         1 2         1

- denotes no lateral inflow

Reach gains, oftentimes referred to as ungaged inflows or incremental local inflows, were calculated
by subtracting the routed daily flows at the upstream gage and the routed tributary inflows from the
flows at the downstream gage. Therefore, the reach gains are comprised of ungaged inflows, reach
length, gage measurement error, and error introduced by the routing method.

10.5 REVERSE FLOW SIMULATION

Historically, reverse flows along the main stem of the James River have usually occurred during
periods of high tributary inflows and coincident low flow conditions on the main stem of the James
River. During some years, the reverse flows produced a higher stage than the stage coinciding with
the annual peak discharge. Therefore, in order to simulate the higher stages caused by the reverse
flows, a relationship between reverse flow and stage was derived from historica1 records, which was
combined with the stage discharge curve to yield a relationship between reverse flow and
"equivalent" flow. The power equation is in the form:

Q = A * R **B

where.

Q = Equivalent flow in c.f.s.

R = Reverse flow in c.f.s. (absolute value)
A,B = Coefficients
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The reach that significant reverse flow is the Stateline to Columbia reach.  The coefficients used in
this reach were: A equal to 0.87 and B equal to 1.14.

10.6 DISCHARGE/FLOODED AREA RELATIONSHIPS

Discharge versus flooded area relationships were derived for each reach based on existing data
developed by the USGS, USBR, and South Dakota Department of Water and Natural Resources
(SDDWNR), and from historical flooded area information. The data from each source were plotted,
and the adopted curve was eye-fit through the plotted data. The USGS information was obtained
from two sources, 100-year floodprone area mapping (USGS, 1970) and the 100-year discharge
values from the discharge-frequency relationships (Benson,1988). The USBR data were developed
for the Garrison Diversion Unit Reformulation Act studies (Lawson, 1988), based on HEC-2
modeling of the 2- and 5-year flood profiles. The SDDWNR developed water surface profiles as part
of the James River Restoration Study (SDDWNR, 1987).

Discharge-Flooded Area Relationships. Discharge versus flooded-area relationships for each reach
can be based on stages determined by backwater analysis or from historical flood data. These
relationships are used to compute the flooded areas for each time step used to define the continuous
historical streamflow information.

Figure 1
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These relationships were determined from four major sources:

(1) detailed crop survey and land use analysis, (2) cursory surveys of damages, (3) reports from
previous studies, (4) examination of aerial photographs or maps showing areas flooded during
historic floods.  Sampling of land upstream and their distribution on the flood plain for Reaches 4-7
was completed in July 1988.  Similar tasks were performed for reaches 1-3 in 1998.  Data was
collected on each cropland type, and hay and pasture areas were also noted. About 20 percent of the
potentially flooded lands were sampled. Land uses on Reaches 8-10 were obtained from 1973 data in
a Lower James Conservancy Sub-District which evaluated the economic impact of flood in the lower
James River. These data were updated by observations made in the area during the 1986-1988 period
and examination of aerial photos and maps which showed the outlines of the l952, 1960, 1962, and
1984 floods. During the surveys in South Dakota, it was generally noted that corn, a crop requiring
more investment, was generally grown in flood plain areas which were provided some levee
protection or in reaches where the channel provided better conveyance. Hence, the percentage of
South Dakota cropland in corn was assumed to increase as the probability of flooding decreased,
with maximum acreages of corn in the floodplain found at or above the 100-year frequency flooding
zone. Concomitantly, the acres of pasture, hay, and small grain crops were shown to decrease as the
frequency of flooding decreased.

Crop damage calculations are based on crop loss potential throughout the year, crop distribution
patterns, crop value, duration of flooding, and recovery period (dry out period) subsequent to
flooding. The following paragraphs briefly describe the data required for crop damage analysis.

Crop Distribution - Flooding Frequency Relationship.  Agricultural land use patterns on the James
River floodplain in South Dakota varied, showing an adaptation to the flood hazard. Pasture and
forages were typically found at lower elevations along the river, while a crop requiring a large
amount of investment, such as corn, was more commonly planted in higher areas or behind small
levees on the best soils. Small grain crops such as spring and winter wheat, and barley were planted
over a wide range of soils and elevations. As a result of this land use pattern, low discharge, but
frequent floods would more typically inundate forages and small grains, rather than corn. Therefore,
for input into the AFDAM model, a relationship between cropping patterns and flow discharges were
developed for each reach along the James River.

10.8 CROP LOSS FUNCTIONS

Five crop types were selected for analysis of agricultural damages along the main stem of the James
River. Crop types in Reaches 1-3 included soybeans and dry edible beans averaged together, corn,
spring wheat, sunflowers, and pasture hay.  Crop types in Reaches 4-10 included corn, soybeans,
spring wheat, winter wheat, and pasture/hay. In Reaches 4-10, for purposes of analysis, barley was
lumped with spring wheat and sunflowers with soybeans because planting and maturity
characteristics and investment input levels are similar. Sunflowers and barley are not grown in
Reaches 8-10. Crop loss functions include relationships between crop loss and time of year, and crop
loss and duration of flooding for each crop type. In addition, a recovery period function is included
in the crop loss calculations which relates the time of year to the amount of time required for the soil
to recover (dryout) following flood recession.
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10.8.1 Crop Loss Function (Time of Year).

Crop Loss Function defines the potential damage variation to a crop as it relates to the different
seasons during the year. These relationships can be varied for each crop type and for each reach.
Generally, the crop loss function can be divided into four phases. The first phase would begin after
the end of harvest and extend until the initial planting season. During the first phase, damage would
be zero or at least minimal. Some damage is likely during this period due to deposition of debris,
erosion, loss of soil or fertilizer or flooding after early field preparation. The second phase would
occur from the time of initial planting to the time at which no replant could occur. Crop losses would
generally increase as a function of time during this period. During the second phase, it is assumed
that total crop failure would not occur as there is generally time to replant subsequent to flood
recession and soil recovery. Damage during this period reflects losses incurred from the secondary
planting investments plus reduced crop yields from the late planting. The third phase would occur
from the time at which no replant could occur until the beginning of harvest. Flooding during this
period could generally cause maximum damage and perhaps total crop loss. The cut off date for
replanting is variable, depending upon location and crop. In the James River basin, for example, cut
off dates for corn and beans are in May and mid June, while those for rescue crops such as millet are
in late June. Yields are generally reduced significantly when replanting occurs due to the necessity of
planting a short season variety. Finally, the fourth phase would occur during the harvest season and
damages would generally decrease with time as the crops are harvested. Duration is an important
parameter in the determination of flood damage to crops. Crop tolerance to duration of inundation
can vary substantially, depending on crop type. This function is used in conjunction with the time of
year crop loss function to determine the amount of total crop loss.

10.8.2 Crop Loss Function (Duration of Flooding)

Duration of flooding (including time of ponding subsequent to flood recession) and time of year
affect crops in different ways. A few days of flooding in the initial phase of plant development may
not result in damage, while a few hours of inundation at crop maturity may result in complete loss.

Recovery Period. The recovery period, which can vary by season, is the amount of time required for
the soil to dry out and become aerobic subsequent to flooding. The length of this period depends
upon soil type, internal drainage, season and weather. It is added to the period of inundation in order
to determine the total duration of flooding.

10.9 CROP YIELDS/VALUES

Crop yield data were based on information provided in a Lower James Conservancy Subdistrict
report on economic damages related to flooding and on data provided by the SDSU economics and
agronomy personnel. For corn, the values were adjusted upward by about 20 percent to reflect
irrigation effects, since a sizeable amount of the bottomland corn is under irrigation. Dryland crops
of wheat, soybeans, and barley were adjusted upward slightly in order to reflect better soil and
microclimatic influences found on the James River bottoms for crop production. Prices used for crop
values were those published in EC 1105-1-177, which are based on normalized values for
nonsubsidies
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10.10 INFRASTRUCTURE DAMAGE

Damage to rural infrastructure is defined as damage to items that are of a non-crop nature. These
damages include roads, bridges, buildings, stored crops, machinery, livestock losses, culverts, and
other associated items.

Rural infrastructure damage along the main stem of the James River was assumed to be a percentage
of total crop damage. It was also assumed that the percentage would vary as a function of discharge
from zero percent at channel capacity to a maximum of 23 percent at approximately the 10-year
discharge. The 23-percent estimate was based on flood damage surveys previously prepared by
USACE in the James River basin, data used in USDA-SCS watershed studies in the James River
basin, and State information provided in a 1986 flood damage report covering eastern South Dakota,
the number of east-west roads that had potential to sustain wave damage, riverbed gradient, and an
estimate of 1 percent debris removal.

10.11 SUMMARY OF AFDAM INPUT

A summary of the input data into the AFDAM model is shown in Table 6.

Table 6
AFDAM Input

 PROGRAM AFDAM - VERSION  1.3 (01 MAR 97)
 RUN DATE 06/21/99      RUN TIME 12:41:18

 STUDY PERIOD 1955 TO 1997  --  43 YEARS
 NUMBER OF CROP TYPES            5
 NUMBER OF REACHES              10
 NUMBER OF TRIBUTARIES           3
 PRINT OUT CONTROL               5
 GAGE USAGE OPTION               1
 MAX FLOOD DURATION (DAYS)       1
 INFRASTRUCTURE DAMAGE OPTION    1
 (0 - INFR. DAM.=F(AG. DAMAGE))
 (1 - INFR. DAM.=F(Q-DAM. RELATIONSHIP))

 DUMP FOR YEAR(S)             1969
1

 FILE ASSIGNMENTS:

 INPUT DATA FILE =  datp7rs-.1wl
 INFLOW FILE =  scheme7
 REACH  1 GAIN FILE =  JRGN01.DAT
 REACH  2 GAIN FILE =  JRGN02.DAT
 REACH  3 GAIN FILE =  JRGN03.DAT
 REACH  4 GAIN FILE =  JRGN04.DAT
 REACH  5 GAIN FILE =  JRGN05.DAT
 REACH  6 GAIN FILE =  JRGN06.DAT
 REACH  7 GAIN FILE =  JRGN07.DAT
 REACH  8 GAIN FILE =  JRGN08.DAT
 REACH  9 GAIN FILE =  JRGN09.DAT
 REACH 10 GAIN FILE =  JRGN10.DAT
 TRIBUTARY  1 REACH  5 FILE =    ELMR.DAT
 TRIBUTARY  2 REACH  7 FILE =    TURT.DAT
 TRIBUTARY  3 REACH  7 FILE =    SNAK.DAT

 REACH      ID       DESCRIPTION

   1       RCH1      CITY OF JAMESTOWN, N.D.
   2       RCH2      JAMESTOWN TO LAMOURE, N.D.
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Table 6
AFDAM Input

   3       RCH3      LAMOURE N.D. TO STATELINE
   4       RCH4      STATELINE TO COLUMBIA S.D.
   5       RCH5      COLUMBIA S.D. TO STRATFORD S.D.
   6       RCH6      STRATFORD S.D. TO ASHTON S.D.
   7       RCH7      ASHTON S.D. TO REDFIELD S.D.
   8       RCH8      REDFIELD S.D. TO FORESTBURG S.D.
   9       RCH9      FORESTBURG S.D. TO SCOTLAND S.D.
  10      RCH10      SCOTLAND S.D. TO MOUTH
1

 REACH  1 ID =   RCH1 - CITY OF JAMESTOWN, N.D.

 ROUTING DATA (VALUES IN DAYS) - LAG =   -1,  AVERAGE =    1
 FACTOR FOR PEAK/DAILY FLOW =    1.02
 NUMBER OF TRIBUTARIES =    0
 INFRASTRUCTURE DAMAGE METHOD =    1

 CROP TYPE                CORN     BEANS   SUNFLOW   S.WHEAT   PASTURE
 CROP VALUE ($/AC)      203.00    261.00    161.00    147.00     54.00

 FLOW RELATIONSHIPS:

 DISCHARGE (CFS)             0.     35.    416.    978.   1528.   2083.   2645.   3870.   5860.  10000.
 STAGE (FT-MSL)           1290.   1297.   1298.   1299.   1300.   1301.   1302.   1304.   1305.   1308.
 FLOODED AREA (ACRES)        0.      0.      0.      0.      0.      0.      0.      0.      0.      0.
 PERCENT AREA - CROP  1      0.      1.      1.      2.      2.      8.     10.     10.      0.      0.      CORN
 PERCENT AREA - CROP  2      0.      2.      2.      2.      3.     11.     13.     14.      0.      0.     BEANS
 PERCENT AREA - CROP  3      0.      1.      1.      2.      3.      8.     10.     11.      0.      0.   SUNFLOW
 PERCENT AREA - CROP  4      0.      4.      4.      4.      7.     22.     27.     29.      0.      0.   S.WHEAT
 PERCENT AREA - CROP  5      0.      0.      1.      6.      5.     13.      9.     11.     50.      0.   PASTURE
 INFRASTRUCTURE DAMAGE       0.      0.      0.      0.      0.      0.      0.      0.      0.      0.
 URBAN DAMAGE                0.      0.      1.     39.    363.   1050.   2308.   5634.  11241.  22909.

 TIME OF YEAR RELATIONSHIPS:

 TIME OF YEAR (DAYS)         0.     19.     41.     56.     71.    213.    243.    244.    366.      CORN
 SEASON PERCENT LOSS        92.     69.     23.      5.      0.      0.     30.     78.     92.      CORN
 TIME OF YEAR (DAYS)         0.     28.     43.    220.    251.    257.    258.    336.    366.     BEANS
 SEASON PERCENT LOSS        54.      5.      0.      0.     15.     38.     90.     98.     54.     BEANS
 TIME OF YEAR (DAYS)         0.     11.     26.     46.     66.    231.    269.    270.    366.   SUNFLOW
 SEASON PERCENT LOSS        95.     71.     24.      5.      0.      0.     32.     82.     95.   SUNFLOW
 TIME OF YEAR (DAYS)         0.     20.    200.    254.    255.    304.    337.    351.    366.   S.WHEAT
 SEASON PERCENT LOSS         3.      0.      0.     32.     81.     96.     24.      5.      3.   S.WHEAT
 TIME OF YEAR (DAYS)         0.    151.    182.    227.    258.    273.    335.    366.      0.   PASTURE
 SEASON PERCENT LOSS         0.      0.      5.     75.     93.     93.     25.      0.      0.   PASTURE

 DURATION LOSS FUNCTIONS:

 DURATION (DAYS)             0.      3.      4.      5.    366.      0.      0.      0.      0.      CORN
 PERCENT LOSS                0.      0.     50.    100.    100.      0.      0.      0.      0.      CORN
 DURATION (DAYS)             0.      3.      4.      5.    366.      0.      0.      0.      0.     BEANS
 PERCENT LOSS                0.      0.    100.    100.    100.      0.      0.      0.      0.     BEANS
 DURATION (DAYS)             0.      3.      4.      5.    366.      0.      0.      0.      0.   SUNFLOW
 PERCENT LOSS                0.      0.     50.    100.    100.      0.      0.      0.      0.   SUNFLOW
 DURATION (DAYS)             0.      4.      5.      6.    366.      0.      0.      0.      0.   S.WHEAT
 PERCENT LOSS                0.      0.     50.    100.    100.      0.      0.      0.      0.   S.WHEAT
 DURATION (DAYS)             0.      7.     14.     30.    366.      0.      0.      0.      0.   PASTURE
 PERCENT LOSS                0.      5.     10.     90.    100.      0.      0.      0.      0.   PASTURE

 RECOVERY PERIOD FUNCTION:

 TIME OF YEAR (DAYS)         0.     28.     41.    185.    214.    275.    320.    366.      0.      0.
 RECOVERY PERIOD (DAYS)     13.     13.    157.     13.     13.     10.     10.     10.      0.      0.
1

 REACH  2 ID =   RCH2 - JAMESTOWN TO LAMOURE, N.D.

 ROUTING DATA (VALUES IN DAYS) - LAG =    3,  AVERAGE =    2
 FACTOR FOR PEAK/DAILY FLOW =    1.06
 NUMBER OF TRIBUTARIES =    0
 INFRASTRUCTURE DAMAGE METHOD =    0
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Table 6
AFDAM Input

 REVERSE FLOW COEFFICIENTS:  A=    .872     B=   1.140

 CROP TYPE                CORN     BEANS   SUNFLOW   S.WHEAT   PASTURE
 CROP VALUE ($/AC)      203.00    261.00    161.00    147.00     54.00

 FLOW RELATIONSHIPS:

 DISCHARGE (CFS)             0.    200.    500.   1000.   2000.   3000.   4000.   6000.      0.      0.
 STAGE (FT-MSL)           1296.   1298.   1298.   1299.   1301.   1303.   1304.   1305.      0.      0.
 FLOODED AREA (ACRES)        0.   1014.   1158.   1413.   2172.   6296.   9481.  14300.      0.      0.
 PERCENT AREA - CROP  1      0.      1.      1.      2.      2.      8.     10.     10.      0.      0.      CORN
 PERCENT AREA - CROP  2      0.      2.      2.      2.      3.     11.     13.     14.      0.      0.     BEANS
 PERCENT AREA - CROP  3      0.      1.      1.      2.      3.      8.     10.     11.      0.      0.   SUNFLOW
 PERCENT AREA - CROP  4      0.      4.      4.      4.      7.     22.     27.     29.      0.      0.   S.WHEAT
 PERCENT AREA - CROP  5      0.      0.      1.      6.      5.     13.      9.     11.      0.      0.   PASTURE
 INFRASTRUCTURE DAMAGE       0.      0.      4.     10.     23.     23.     23.     23.      0.      0.
 URBAN DAMAGE                0.      0.      0.      0.      0.      0.      0.      0.      0.      0.

 TIME OF YEAR RELATIONSHIPS:

 TIME OF YEAR (DAYS)         0.     19.     41.     56.     71.    213.    243.    244.    366.      CORN
 SEASON PERCENT LOSS        92.     69.     23.      5.      0.      0.     30.     78.     92.      CORN
 TIME OF YEAR (DAYS)         0.     28.     43.    220.    251.    257.    258.    336.    366.     BEANS
 SEASON PERCENT LOSS        54.      5.      0.      0.     15.     38.     90.     98.     54.     BEANS
 TIME OF YEAR (DAYS)         0.     11.     26.     46.     66.    231.    269.    270.    366.   SUNFLOW
 SEASON PERCENT LOSS        95.     71.     24.      5.      0.      0.     32.     82.     95.   SUNFLOW
 TIME OF YEAR (DAYS)         0.     20.    200.    254.    255.    304.    337.    351.    366.   S.WHEAT
 SEASON PERCENT LOSS         3.      0.      0.     32.     81.     96.     24.      5.      3.   S.WHEAT
 TIME OF YEAR (DAYS)         0.    151.    182.    227.    258.    273.    335.    366.      0.   PASTURE
 SEASON PERCENT LOSS         0.      0.      5.     75.     93.     93.     25.      0.      0.   PASTURE

 DURATION LOSS FUNCTIONS:

 DURATION (DAYS)             0.      3.      4.      5.    366.      0.      0.      0.      0.      CORN
 PERCENT LOSS                0.      0.     50.    100.    100.      0.      0.      0.      0.      CORN
 DURATION (DAYS)             0.      3.      4.      5.    366.      0.      0.      0.      0.     BEANS
 PERCENT LOSS                0.      0.    100.    100.    100.      0.      0.      0.      0.     BEANS
 DURATION (DAYS)             0.      3.      4.      5.    366.      0.      0.      0.      0.   SUNFLOW
 PERCENT LOSS                0.      0.     50.    100.    100.      0.      0.      0.      0.   SUNFLOW
 DURATION (DAYS)             0.      4.      5.      6.    366.      0.      0.      0.      0.   S.WHEAT
 PERCENT LOSS                0.      0.     50.    100.    100.      0.      0.      0.      0.   S.WHEAT
 DURATION (DAYS)             0.      7.     14.     30.    366.      0.      0.      0.      0.   PASTURE
 PERCENT LOSS                0.      5.     10.     90.    100.      0.      0.      0.      0.   PASTURE

 RECOVERY PERIOD FUNCTION:

 TIME OF YEAR (DAYS)         0.     23.     40.    184.    214.    275.    320.    366.      0.      0.
 RECOVERY PERIOD (DAYS)     17.     17.    161.     17.     17.     12.     12.     17.      0.      0.
1

 REACH  3 ID =   RCH3 - LAMOURE N.D. TO STATELINE

 ROUTING DATA (VALUES IN DAYS) - LAG =    8,  AVERAGE =    7
 FACTOR FOR PEAK/DAILY FLOW =    1.02
 NUMBER OF TRIBUTARIES =    0
 INFRASTRUCTURE DAMAGE METHOD =    0

 REVERSE FLOW COEFFICIENTS:  A=    .872     B=   1.140

 CROP TYPE                CORN     BEANS   SUNFLOW   S.WHEAT   PASTURE
 CROP VALUE ($/AC)      203.00    251.00    180.00    141.00     54.00

 FLOW RELATIONSHIPS:

 DISCHARGE (CFS)             0.    200.    500.   1000.   2000.   3000.   4000.   6000.      0.      0.
 STAGE (FT-MSL)           1289.   1290.   1291.   1292.   1293.   1294.   1295.   1295.      0.      0.
 FLOODED AREA (ACRES)        0.   1485.   1932.   3748.   9457.  14393.  18047.  21863.      0.      0.
 PERCENT AREA - CROP  1      0.      1.      3.     12.     20.     23.     26.     26.      0.      0.      CORN
 PERCENT AREA - CROP  2      0.      0.      2.      7.     11.     13.     15.     15.      0.      0.     BEANS
 PERCENT AREA - CROP  3      0.      0.      2.      8.     12.     14.     16.     16.      0.      0.   SUNFLOW
 PERCENT AREA - CROP  4      0.      0.      2.     10.     15.     18.     20.     20.      0.      0.   S.WHEAT
 PERCENT AREA - CROP  5      0.      1.      1.      8.     11.      8.      7.      7.      0.      0.   PASTURE
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Table 6
AFDAM Input

 INFRASTRUCTURE DAMAGE       0.      2.      8.     16.     21.     21.     21.     21.      0.      0.
 URBAN DAMAGE                0.      0.      0.      0.      0.      0.      0.      0.      0.      0.

 TIME OF YEAR RELATIONSHIPS:

 TIME OF YEAR (DAYS)         0.     13.     46.     71.    206.    228.    236.    237.    366.      CORN
 SEASON PERCENT LOSS        91.     92.      5.      0.      0.     25.     26.     78.     91.      CORN
 TIME OF YEAR (DAYS)         0.     13.     43.    225.    241.    255.    256.    350.    366.     BEANS
 SEASON PERCENT LOSS        69.     24.      0.      0.     16.     40.     89.     98.     69.     BEANS
 TIME OF YEAR (DAYS)         0.     20.     46.    227.    250.    254.    255.    359.    366.   SUNFLOW
 SEASON PERCENT LOSS        79.     24.      0.      0.     19.     37.     84.     95.     79.   SUNFLOW
 TIME OF YEAR (DAYS)         0.    202.    228.    246.    247.    301.    321.    335.    366.   S.WHEAT
 SEASON PERCENT LOSS         0.      0.     22.     29.     80.     96.     24.      5.      0.   S.WHEAT
 TIME OF YEAR (DAYS)         0.    151.    182.    227.    258.    273.    335.    366.      0.   PASTURE
 SEASON PERCENT LOSS         0.      0.      5.     75.     93.     93.     25.      0.      0.   PASTURE

 DURATION LOSS FUNCTIONS:

 DURATION (DAYS)             0.      3.      4.      5.    366.      0.      0.      0.      0.      CORN
 PERCENT LOSS                0.      0.     50.    100.    100.      0.      0.      0.      0.      CORN
 DURATION (DAYS)             0.      3.      4.      5.    366.      0.      0.      0.      0.     BEANS
 PERCENT LOSS                0.      0.    100.    100.    100.      0.      0.      0.      0.     BEANS
 DURATION (DAYS)             0.      3.      4.      5.    366.      0.      0.      0.      0.   SUNFLOW
 PERCENT LOSS                0.      0.     50.    100.    100.      0.      0.      0.      0.   SUNFLOW
 DURATION (DAYS)             0.      4.      5.      6.    366.      0.      0.      0.      0.   S.WHEAT
 PERCENT LOSS                0.      0.     50.    100.    100.      0.      0.      0.      0.   S.WHEAT
 DURATION (DAYS)             0.      7.     14.     30.    366.      0.      0.      0.      0.   PASTURE
 PERCENT LOSS                0.      5.     10.     90.    100.      0.      0.      0.      0.   PASTURE

 RECOVERY PERIOD FUNCTION:

 TIME OF YEAR (DAYS)         0.     18.     39.    182.    214.    275.    320.    366.      0.      0.
 RECOVERY PERIOD (DAYS)     21.     21.    164.     21.     21.     14.     14.     21.      0.      0.
1

 REACH  4 ID =   RCH4 - STATELINE TO COLUMBIA S.D.

 ROUTING DATA (VALUES IN DAYS) - LAG =    0,  AVERAGE =    1
 FACTOR FOR PEAK/DAILY FLOW =    1.02
 NUMBER OF TRIBUTARIES =    0
 INFRASTRUCTURE DAMAGE METHOD =    0

 REVERSE FLOW COEFFICIENTS:  A=    .872     B=   1.140

 CROP TYPE                CORN     BEANS   W.WHEAT   S.WHEAT   PASTURE
 CROP VALUE ($/AC)      426.00    307.00    213.00    178.00    112.00

 FLOW RELATIONSHIPS:

 DISCHARGE (CFS)             0.    150.    185.    480.    612.   1470.   2050.   4730.   8000.      0.
 STAGE (FT-MSL)           1275.   1285.   1286.   1288.   1288.   1291.   1292.   1295.   1297.      0.
 FLOODED AREA (ACRES)        0.    350.    450.    980.   1250.   3400.   4900.  12500.  30000.      0.
 PERCENT AREA - CROP  1      0.      0.      0.      0.      1.      2.      3.      5.     10.      0.      CORN
 PERCENT AREA - CROP  2      0.      0.      0.      0.      0.      0.      0.      0.      0.      0.     BEANS
 PERCENT AREA - CROP  3      0.      0.      0.      0.      0.      0.      0.      0.      0.      0.   W.WHEAT
 PERCENT AREA - CROP  4      0.      0.      0.      0.      1.      3.      4.      5.     10.      0.   S.WHEAT
 PERCENT AREA - CROP  5      0.      0.     20.     30.     35.     45.     50.     50.     50.      0.   PASTURE
 INFRASTRUCTURE DAMAGE       0.      0.      2.      8.     12.     21.     21.     21.     21.      0.
 URBAN DAMAGE                0.      0.      0.      0.      0.      0.      0.      0.      0.      0.

 TIME OF YEAR RELATIONSHIPS:

 TIME OF YEAR (DAYS)         0.     46.     61.    151.    182.    243.    273.    288.    366.      CORN
 SEASON PERCENT LOSS       100.     25.     13.     13.     18.     50.     75.    100.    100.      CORN
 TIME OF YEAR (DAYS)         0.     46.    151.    212.    243.    273.    288.    350.    366.     BEANS
 SEASON PERCENT LOSS        75.     13.     13.     25.     43.     68.    100.    100.     75.     BEANS
 TIME OF YEAR (DAYS)         0.    182.    212.    258.    288.    304.    335.    350.    366.   W.WHEAT
 SEASON PERCENT LOSS        25.     25.     38.    100.    100.     50.      5.      5.     25.   W.WHEAT
 TIME OF YEAR (DAYS)         0.    151.    182.    243.    273.    311.    335.    350.    366.   S.WHEAT
 SEASON PERCENT LOSS        10.     10.     25.     50.    100.    100.     25.     10.     10.   S.WHEAT
 TIME OF YEAR (DAYS)         0.    151.    182.    227.    258.    273.    335.    366.      0.   PASTURE
 SEASON PERCENT LOSS         0.      0.      5.     75.     93.     93.     25.      0.      0.   PASTURE
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Table 6
AFDAM Input

 DURATION LOSS FUNCTIONS:

 DURATION (DAYS)             0.     10.    366.      0.      0.      0.      0.      0.      0.      CORN
 PERCENT LOSS                0.    100.    100.      0.      0.      0.      0.      0.      0.      CORN
 DURATION (DAYS)             0.     10.    366.      0.      0.      0.      0.      0.      0.     BEANS
 PERCENT LOSS                0.    100.    100.      0.      0.      0.      0.      0.      0.     BEANS
 DURATION (DAYS)             0.     10.    366.      0.      0.      0.      0.      0.      0.   W.WHEAT
 PERCENT LOSS                0.    100.    100.      0.      0.      0.      0.      0.      0.   W.WHEAT
 DURATION (DAYS)             0.     10.    366.      0.      0.      0.      0.      0.      0.   S.WHEAT
 PERCENT LOSS                0.    100.    100.      0.      0.      0.      0.      0.      0.   S.WHEAT
 DURATION (DAYS)             0.     30.    366.      0.      0.      0.      0.      0.      0.   PASTURE
 PERCENT LOSS                0.     90.     90.      0.      0.      0.      0.      0.      0.   PASTURE

 RECOVERY PERIOD FUNCTION:

 TIME OF YEAR (DAYS)         0.     46.    153.    366.      0.      0.      0.      0.      0.      0.
 RECOVERY PERIOD (DAYS)     60.    167.     60.     60.      0.      0.      0.      0.      0.      0.
1

 REACH  5 ID =   RCH5 - COLUMBIA S.D. TO STRATFORD S.D.

 ROUTING DATA (VALUES IN DAYS) - LAG =    4,  AVERAGE =    2
 FACTOR FOR PEAK/DAILY FLOW =    1.00
 NUMBER OF TRIBUTARIES =    1
 INFRASTRUCTURE DAMAGE METHOD =    0

 TRIBUTARY NUMBER(S) =      1
 LAG TIME (DAYS)     =      5
 DAYS TO AVERAGE     =      9

 CROP TYPE                CORN     BEANS   W.WHEAT   S.WHEAT   PASTURE
 CROP VALUE ($/AC)      426.00    307.00    213.00    178.00    112.00

 FLOW RELATIONSHIPS:

 DISCHARGE (CFS)             0.    200.    268.    548.    667.   1380.   2050.   4810.   6000.      0.
 STAGE (FT-MSL)           1254.   1265.   1266.   1267.   1268.   1270.   1271.   1274.   1275.      0.
 FLOODED AREA (ACRES)        0.   1500.   2400.   4600.   5300.   8800.  12500.  36000.  52000.      0.
 PERCENT AREA - CROP  1      0.      0.      0.      6.      8.     14.     16.     18.     20.      0.      CORN
 PERCENT AREA - CROP  2      0.      0.      0.      0.      0.      2.      3.      4.      5.      0.     BEANS
 PERCENT AREA - CROP  3      0.      0.      0.      0.      0.      0.      0.      0.      0.      0.   W.WHEAT
 PERCENT AREA - CROP  4      0.      0.      0.     10.     15.     26.     28.     32.     35.      0.   S.WHEAT
 PERCENT AREA - CROP  5      0.      0.     20.     60.     57.     40.     35.     28.     25.      0.   PASTURE
 INFRASTRUCTURE DAMAGE       0.      0.      3.     10.     13.     21.     21.     21.     21.      0.
 URBAN DAMAGE                0.      0.      0.      0.      0.      0.      0.      0.      0.      0.

 TIME OF YEAR RELATIONSHIPS:

 TIME OF YEAR (DAYS)         0.     46.     61.    151.    182.    243.    273.    288.    366.      CORN
 SEASON PERCENT LOSS       100.     25.     13.     13.     18.     50.     75.    100.    100.      CORN
 TIME OF YEAR (DAYS)         0.     46.    151.    212.    243.    273.    288.    350.    366.     BEANS
 SEASON PERCENT LOSS        75.     13.     13.     25.     43.     68.    100.    100.     75.     BEANS
 TIME OF YEAR (DAYS)         0.    182.    212.    258.    288.    304.    335.    350.    366.   W.WHEAT
 SEASON PERCENT LOSS        25.     25.     38.    100.    100.     50.      5.      5.     25.   W.WHEAT
 TIME OF YEAR (DAYS)         0.    151.    182.    243.    273.    311.    335.    350.    366.   S.WHEAT
 SEASON PERCENT LOSS        10.     10.     25.     50.    100.    100.     25.     10.     10.   S.WHEAT
 TIME OF YEAR (DAYS)         0.    151.    182.    227.    258.    273.    335.    366.      0.   PASTURE
 SEASON PERCENT LOSS         0.      0.      5.     75.     93.     93.     25.      0.      0.   PASTURE

 DURATION LOSS FUNCTIONS:

 DURATION (DAYS)             0.     10.    366.      0.      0.      0.      0.      0.      0.      CORN
 PERCENT LOSS                0.    100.    100.      0.      0.      0.      0.      0.      0.      CORN
 DURATION (DAYS)             0.     10.    366.      0.      0.      0.      0.      0.      0.     BEANS
 PERCENT LOSS                0.    100.    100.      0.      0.      0.      0.      0.      0.     BEANS
 DURATION (DAYS)             0.     10.    366.      0.      0.      0.      0.      0.      0.   W.WHEAT
 PERCENT LOSS                0.    100.    100.      0.      0.      0.      0.      0.      0.   W.WHEAT
 DURATION (DAYS)             0.     10.    366.      0.      0.      0.      0.      0.      0.   S.WHEAT
 PERCENT LOSS                0.    100.    100.      0.      0.      0.      0.      0.      0.   S.WHEAT
 DURATION (DAYS)             0.     30.    366.      0.      0.      0.      0.      0.      0.   PASTURE
 PERCENT LOSS                0.     90.     90.      0.      0.      0.      0.      0.      0.   PASTURE
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 RECOVERY PERIOD FUNCTION:

 TIME OF YEAR (DAYS)         0.     46.    153.    366.      0.      0.      0.      0.      0.      0.
 RECOVERY PERIOD (DAYS)     60.    167.     60.     60.      0.      0.      0.      0.      0.      0.
1

 REACH  6 ID =   RCH6 - STRATFORD S.D. TO ASHTON S.D.

 ROUTING DATA (VALUES IN DAYS) - LAG =    5,  AVERAGE =    2
 FACTOR FOR PEAK/DAILY FLOW =    1.02
 NUMBER OF TRIBUTARIES =    0
 INFRASTRUCTURE DAMAGE METHOD =    0

 CROP TYPE                CORN     BEANS   W.WHEAT   S.WHEAT   PASTURE
 CROP VALUE ($/AC)      202.00    146.00    104.00    101.00    143.00

 FLOW RELATIONSHIPS:

 DISCHARGE (CFS)             0.    400.    548.   1170.   1470.   2050.   5030.   8000.      0.      0.
 STAGE (FT-MSL)           1244.   1252.   1253.   1256.   1257.   1258.   1263.   1267.      0.      0.
 FLOODED AREA (ACRES)        0.    500.    700.   1500.   2000.   3000.  11700.  31000.      0.      0.
 PERCENT AREA - CROP  1      0.      0.      1.      4.      8.      9.     10.     12.      0.      0.      CORN
 PERCENT AREA - CROP  2      0.      0.      0.      2.      4.      6.      8.     10.      0.      0.     BEANS
 PERCENT AREA - CROP  3      0.      0.      0.      6.      8.      9.     10.     12.      0.      0.   W.WHEAT
 PERCENT AREA - CROP  4      0.      0.      4.     16.     20.     24.     26.     28.      0.      0.   S.WHEAT
 PERCENT AREA - CROP  5      0.      0.     20.     30.     34.     35.     35.     32.      0.      0.   PASTURE
 INFRASTRUCTURE DAMAGE       0.      0.      5.     18.     21.     21.     21.     21.      0.      0.
 URBAN DAMAGE                0.      0.      0.      0.      0.      0.      0.      0.      0.      0.

 TIME OF YEAR RELATIONSHIPS:

 TIME OF YEAR (DAYS)         0.     46.     61.    151.    182.    243.    273.    288.    366.      CORN
 SEASON PERCENT LOSS       100.     25.     13.     13.     18.     50.     75.    100.    100.      CORN
 TIME OF YEAR (DAYS)         0.     46.    151.    212.    243.    273.    288.    350.    366.     BEANS
 SEASON PERCENT LOSS        75.     13.     13.     25.     43.     68.    100.    100.     75.     BEANS
 TIME OF YEAR (DAYS)         0.    182.    212.    258.    288.    304.    335.    350.    366.   W.WHEAT
 SEASON PERCENT LOSS        25.     25.     38.    100.    100.     50.      5.      5.     25.   W.WHEAT
 TIME OF YEAR (DAYS)         0.    151.    182.    243.    273.    311.    335.    350.    366.   S.WHEAT
 SEASON PERCENT LOSS        10.     10.     25.     50.    100.    100.     25.     10.     10.   S.WHEAT
 TIME OF YEAR (DAYS)         0.    151.    182.    227.    258.    273.    335.    366.      0.   PASTURE
 SEASON PERCENT LOSS         0.      0.      5.     75.     93.     93.     25.      0.      0.   PASTURE

 DURATION LOSS FUNCTIONS:

 DURATION (DAYS)             0.     10.    366.      0.      0.      0.      0.      0.      0.      CORN
 PERCENT LOSS                0.    100.    100.      0.      0.      0.      0.      0.      0.      CORN
 DURATION (DAYS)             0.     10.    366.      0.      0.      0.      0.      0.      0.     BEANS
 PERCENT LOSS                0.    100.    100.      0.      0.      0.      0.      0.      0.     BEANS
 DURATION (DAYS)             0.     10.    366.      0.      0.      0.      0.      0.      0.   W.WHEAT
 PERCENT LOSS                0.    100.    100.      0.      0.      0.      0.      0.      0.   W.WHEAT
 DURATION (DAYS)             0.     10.    366.      0.      0.      0.      0.      0.      0.   S.WHEAT
 PERCENT LOSS                0.    100.    100.      0.      0.      0.      0.      0.      0.   S.WHEAT
 DURATION (DAYS)             0.     30.    366.      0.      0.      0.      0.      0.      0.   PASTURE
 PERCENT LOSS                0.     90.     90.      0.      0.      0.      0.      0.      0.   PASTURE

 RECOVERY PERIOD FUNCTION:

 TIME OF YEAR (DAYS)         0.     50.    196.    273.    275.    335.    366.      0.      0.      0.
 RECOVERY PERIOD (DAYS)     60.    207.     60.     60.     49.     49.     60.      0.      0.      0.
1

 REACH  7 ID =   RCH7 - ASHTON S.D. TO REDFIELD S.D.

 ROUTING DATA (VALUES IN DAYS) - LAG =    1,  AVERAGE =    2
 FACTOR FOR PEAK/DAILY FLOW =    1.05
 NUMBER OF TRIBUTARIES =    2
 INFRASTRUCTURE DAMAGE METHOD =    0

 TRIBUTARY NUMBER(S) =      2    3
 LAG TIME (DAYS)     =      1    1
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 DAYS TO AVERAGE     =      2    2

 CROP TYPE                CORN     BEANS   W.WHEAT   S.WHEAT   PASTURE
 CROP VALUE ($/AC)      196.00    195.00    142.00    160.00     98.00

 FLOW RELATIONSHIPS:

 DISCHARGE (CFS)             0.    500.    813.   1305.   2210.   7070.   8000.      0.      0.      0.
 STAGE (FT-MSL)           1236.   1244.   1246.   1248.   1250.   1257.   1258.      0.      0.      0.
 FLOODED AREA (ACRES)        0.    300.    620.   1000.   1500.   2400.   2500.      0.      0.      0.
 PERCENT AREA - CROP  1      0.      0.      0.      2.      5.      9.     10.      0.      0.      0.      CORN
 PERCENT AREA - CROP  2      0.      0.      0.      1.      5.      9.     10.      0.      0.      0.     BEANS
 PERCENT AREA - CROP  3      0.      0.      2.      6.     15.     28.     29.      0.      0.      0.   W.WHEAT
 PERCENT AREA - CROP  4      0.      0.      0.      2.      4.      8.      9.      0.      0.      0.   S.WHEAT
 PERCENT AREA - CROP  5      0.      0.     20.     28.     28.     28.     28.      0.      0.      0.   PASTURE
 INFRASTRUCTURE DAMAGE       0.      0.      5.     13.     21.     21.     21.      0.      0.      0.
 URBAN DAMAGE                0.      0.      0.      0.      0.      0.      0.      0.      0.      0.

 TIME OF YEAR RELATIONSHIPS:

 TIME OF YEAR (DAYS)         0.     46.     61.    151.    182.    243.    273.    288.    366.      CORN
 SEASON PERCENT LOSS       100.     25.     13.     13.     18.     50.     75.    100.    100.      CORN
 TIME OF YEAR (DAYS)         0.     46.    151.    212.    243.    273.    288.    350.    366.     BEANS
 SEASON PERCENT LOSS        75.     13.     13.     25.     43.     68.    100.    100.     75.     BEANS
 TIME OF YEAR (DAYS)         0.    182.    212.    258.    288.    304.    335.    350.    366.   W.WHEAT
 SEASON PERCENT LOSS        25.     25.     38.    100.    100.     50.      5.      5.     25.   W.WHEAT
 TIME OF YEAR (DAYS)         0.    151.    182.    243.    273.    311.    335.    350.    366.   S.WHEAT
 SEASON PERCENT LOSS        10.     10.     25.     50.    100.    100.     25.     10.     10.   S.WHEAT
 TIME OF YEAR (DAYS)         0.    151.    182.    227.    258.    273.    335.    366.      0.   PASTURE
 SEASON PERCENT LOSS         0.      0.      5.     75.     93.     93.     25.      0.      0.   PASTURE

 DURATION LOSS FUNCTIONS:

 DURATION (DAYS)             0.     10.    366.      0.      0.      0.      0.      0.      0.      CORN
 PERCENT LOSS                0.    100.    100.      0.      0.      0.      0.      0.      0.      CORN
 DURATION (DAYS)             0.     10.    366.      0.      0.      0.      0.      0.      0.     BEANS
 PERCENT LOSS                0.    100.    100.      0.      0.      0.      0.      0.      0.     BEANS
 DURATION (DAYS)             0.     10.    366.      0.      0.      0.      0.      0.      0.   W.WHEAT
 PERCENT LOSS                0.    100.    100.      0.      0.      0.      0.      0.      0.   W.WHEAT
 DURATION (DAYS)             0.     10.    366.      0.      0.      0.      0.      0.      0.   S.WHEAT
 PERCENT LOSS                0.    100.    100.      0.      0.      0.      0.      0.      0.   S.WHEAT
 DURATION (DAYS)             0.     30.    366.      0.      0.      0.      0.      0.      0.   PASTURE
 PERCENT LOSS                0.     90.     90.      0.      0.      0.      0.      0.      0.   PASTURE

 RECOVERY PERIOD FUNCTION:

 TIME OF YEAR (DAYS)         0.      6.     51.    213.    258.    275.    335.    366.      0.      0.
 RECOVERY PERIOD (DAYS)     45.     45.    207.     45.     45.     30.     30.     45.      0.      0.
1

 REACH  8 ID =   RCH8 - REDFIELD S.D. TO FORESTBURG S.D.

 ROUTING DATA (VALUES IN DAYS) - LAG =    6,  AVERAGE =    9
 FACTOR FOR PEAK/DAILY FLOW =    1.05
 NUMBER OF TRIBUTARIES =    0
 INFRASTRUCTURE DAMAGE METHOD =    0

 CROP TYPE                CORN     BEANS   W.WHEAT   S.WHEAT   PASTURE
 CROP VALUE ($/AC)      242.00    226.00    145.00    152.00     79.00

 FLOW RELATIONSHIPS:

 DISCHARGE (CFS)             0.   1260.   3390.   6050.  10400.  14500.  19600.      0.      0.      0.
 STAGE (FT-MSL)           1210.   1217.   1222.   1223.   1225.   1226.   1227.      0.      0.      0.
 FLOODED AREA (ACRES)        0.   2050.  10000.  13800.  17300.  19100.  20500.      0.      0.      0.
 PERCENT AREA - CROP  1      0.      0.     15.     20.     23.     25.     25.      0.      0.      0.      CORN
 PERCENT AREA - CROP  2      0.      0.      5.      9.     10.     10.     10.      0.      0.      0.     BEANS
 PERCENT AREA - CROP  3      0.      0.      5.     10.     10.     10.     10.      0.      0.      0.   W.WHEAT
 PERCENT AREA - CROP  4      0.      0.     10.     18.     19.     20.     20.      0.      0.      0.   S.WHEAT
 PERCENT AREA - CROP  5      0.     20.     40.     33.     28.     25.     25.      0.      0.      0.   PASTURE
 INFRASTRUCTURE DAMAGE       0.      0.     11.     22.     22.     22.     22.      0.      0.      0.
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 URBAN DAMAGE                0.      0.      0.      0.      0.      0.      0.      0.      0.      0.

 TIME OF YEAR RELATIONSHIPS:

 TIME OF YEAR (DAYS)         0.     46.     61.    151.    182.    243.    273.    288.    366.      CORN
 SEASON PERCENT LOSS       100.     25.     13.     13.     18.     50.     75.    100.    100.      CORN
 TIME OF YEAR (DAYS)         0.     46.    151.    212.    243.    273.    288.    350.    366.     BEANS
 SEASON PERCENT LOSS        75.     13.     13.     25.     43.     68.    100.    100.     75.     BEANS
 TIME OF YEAR (DAYS)         0.    166.    212.    243.    268.    304.    319.    350.    366.   W.WHEAT
 SEASON PERCENT LOSS        25.     25.     50.    100.    100.     25.      5.      5.     25.   W.WHEAT
 TIME OF YEAR (DAYS)         0.    151.    182.    243.    273.    311.    335.    350.    366.   S.WHEAT
 SEASON PERCENT LOSS        10.     10.     25.     50.    100.    100.     25.     10.     10.   S.WHEAT
 TIME OF YEAR (DAYS)         0.    151.    182.    227.    258.    273.    335.    366.      0.   PASTURE
 SEASON PERCENT LOSS         0.      0.      5.     75.     93.     93.     25.      0.      0.   PASTURE

 DURATION LOSS FUNCTIONS:

 DURATION (DAYS)             0.     10.    366.      0.      0.      0.      0.      0.      0.      CORN
 PERCENT LOSS                0.    100.    100.      0.      0.      0.      0.      0.      0.      CORN
 DURATION (DAYS)             0.     10.    366.      0.      0.      0.      0.      0.      0.     BEANS
 PERCENT LOSS                0.    100.    100.      0.      0.      0.      0.      0.      0.     BEANS
 DURATION (DAYS)             0.     10.    366.      0.      0.      0.      0.      0.      0.   W.WHEAT
 PERCENT LOSS                0.    100.    100.      0.      0.      0.      0.      0.      0.   W.WHEAT
 DURATION (DAYS)             0.     10.    366.      0.      0.      0.      0.      0.      0.   S.WHEAT
 PERCENT LOSS                0.    100.    100.      0.      0.      0.      0.      0.      0.   S.WHEAT
 DURATION (DAYS)             0.     30.    366.      0.      0.      0.      0.      0.      0.   PASTURE
 PERCENT LOSS                0.     90.     90.      0.      0.      0.      0.      0.      0.   PASTURE

 RECOVERY PERIOD FUNCTION:

 TIME OF YEAR (DAYS)         0.     19.     54.    203.    250.    278.    328.    359.    366.      0.
 RECOVERY PERIOD (DAYS)     35.     35.    185.     35.     35.     24.     24.     35.     35.      0.
1

 REACH  9 ID =   RCH9 - FORESTBURG S.D. TO SCOTLAND S.D.

 ROUTING DATA (VALUES IN DAYS) - LAG =    6,  AVERAGE =    6
 FACTOR FOR PEAK/DAILY FLOW =    1.05
 NUMBER OF TRIBUTARIES =    0
 INFRASTRUCTURE DAMAGE METHOD =    0

 CROP TYPE                CORN     BEANS   W.WHEAT   S.WHEAT   PASTURE
 CROP VALUE ($/AC)      269.00    255.00    178.00    186.00     85.00

 FLOW RELATIONSHIPS:

 DISCHARGE (CFS)             0.   2050.   5320.   8870.  15400.  22200.  30800.      0.      0.      0.
 STAGE (FT-MSL)           1173.   1178.   1183.   1185.   1187.   1188.   1189.      0.      0.      0.
 FLOODED AREA (ACRES)        0.   5200.  16900.  18900.  22000.  22800.  23400.      0.      0.      0.
 PERCENT AREA - CROP  1      0.      0.     20.     25.     28.     30.     30.      0.      0.      0.      CORN
 PERCENT AREA - CROP  2      0.      0.     15.     17.     19.     20.     20.      0.      0.      0.     BEANS
 PERCENT AREA - CROP  3      0.      0.      0.      0.      0.      0.      0.      0.      0.      0.   W.WHEAT
 PERCENT AREA - CROP  4      0.      0.     10.     13.     14.     15.     15.      0.      0.      0.   S.WHEAT
 PERCENT AREA - CROP  5      0.     30.     35.     30.     24.     20.     20.      0.      0.      0.   PASTURE
 INFRASTRUCTURE DAMAGE       0.      0.     13.     23.     23.     23.     23.      0.      0.      0.
 URBAN DAMAGE                0.      0.      0.      0.      0.      0.      0.      0.      0.      0.

 TIME OF YEAR RELATIONSHIPS:

 TIME OF YEAR (DAYS)         0.     46.     61.    151.    182.    243.    273.    288.    366.      CORN
 SEASON PERCENT LOSS       100.     25.     13.     13.     18.     50.     75.    100.    100.      CORN
 TIME OF YEAR (DAYS)         0.     46.    151.    212.    243.    273.    288.    350.    366.     BEANS
 SEASON PERCENT LOSS        75.     13.     13.     25.     43.     68.    100.    100.     75.     BEANS
 TIME OF YEAR (DAYS)         0.    166.    212.    243.    268.    304.    319.    350.    366.   W.WHEAT
 SEASON PERCENT LOSS        25.     25.     50.    100.    100.     25.      5.      5.     25.   W.WHEAT
 TIME OF YEAR (DAYS)         0.    151.    182.    243.    273.    311.    335.    350.    366.   S.WHEAT
 SEASON PERCENT LOSS        10.     10.     25.     50.    100.    100.     25.     10.     10.   S.WHEAT
 TIME OF YEAR (DAYS)         0.    151.    182.    227.    258.    273.    335.    366.      0.   PASTURE
 SEASON PERCENT LOSS         0.      0.      5.     75.     93.     93.     25.      0.      0.   PASTURE
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 DURATION LOSS FUNCTIONS:

 DURATION (DAYS)             0.     10.    366.      0.      0.      0.      0.      0.      0.      CORN
 PERCENT LOSS                0.    100.    100.      0.      0.      0.      0.      0.      0.      CORN
 DURATION (DAYS)             0.     10.    366.      0.      0.      0.      0.      0.      0.     BEANS
 PERCENT LOSS                0.    100.    100.      0.      0.      0.      0.      0.      0.     BEANS
 DURATION (DAYS)             0.     10.    366.      0.      0.      0.      0.      0.      0.   W.WHEAT
 PERCENT LOSS                0.    100.    100.      0.      0.      0.      0.      0.      0.   W.WHEAT
 DURATION (DAYS)             0.     10.    366.      0.      0.      0.      0.      0.      0.   S.WHEAT
 PERCENT LOSS                0.    100.    100.      0.      0.      0.      0.      0.      0.   S.WHEAT
 DURATION (DAYS)             0.     30.    366.      0.      0.      0.      0.      0.      0.   PASTURE
 PERCENT LOSS                0.     90.     90.      0.      0.      0.      0.      0.      0.   PASTURE

 RECOVERY PERIOD FUNCTION:

 TIME OF YEAR (DAYS)         0.      4.     40.    186.    245.    279.    325.    366.      0.      0.
 RECOVERY PERIOD (DAYS)     36.     36.    182.     36.     36.     27.     27.     36.      0.      0.
1

 REACH 10 ID =  RCH10 - SCOTLAND S.D. TO MOUTH

 ROUTING DATA (VALUES IN DAYS) - LAG =    1,  AVERAGE =    2
 FACTOR FOR PEAK/DAILY FLOW =    1.05
 NUMBER OF TRIBUTARIES =    0
 INFRASTRUCTURE DAMAGE METHOD =    0

 CROP TYPE                CORN     BEANS   W.WHEAT   S.WHEAT   PASTURE
 CROP VALUE ($/AC)      362.00    251.00    142.00    160.00    169.00

 FLOW RELATIONSHIPS:

 DISCHARGE (CFS)             0.   2050.   5320.   8870.  15400.  22200.  30800.      0.      0.      0.
 STAGE (FT-MSL)              0.      0.      0.      0.      0.      0.      0.      0.      0.      0.
 FLOODED AREA (ACRES)        0.   3000.   9350.  10850.  11650.  11850.  12100.      0.      0.      0.
 PERCENT AREA - CROP  1      0.      1.     25.     30.     35.     35.     35.      0.      0.      0.      CORN
 PERCENT AREA - CROP  2      0.      1.     20.     23.     25.     25.     25.      0.      0.      0.     BEANS
 PERCENT AREA - CROP  3      0.      0.      0.      0.      0.      0.      0.      0.      0.      0.   W.WHEAT
 PERCENT AREA - CROP  4      0.      1.     10.     10.     10.     10.     10.      0.      0.      0.   S.WHEAT
 PERCENT AREA - CROP  5      0.     37.     25.     21.     20.     20.     20.      0.      0.      0.   PASTURE
 INFRASTRUCTURE DAMAGE       0.      0.     13.     23.     23.     23.     23.      0.      0.      0.
 URBAN DAMAGE                0.      0.      0.      0.      0.      0.      0.      0.      0.      0.

 TIME OF YEAR RELATIONSHIPS:

 TIME OF YEAR (DAYS)         0.     46.     61.    151.    182.    243.    273.    288.    366.      CORN
 SEASON PERCENT LOSS       100.     25.     13.     13.     18.     50.     75.    100.    100.      CORN
 TIME OF YEAR (DAYS)         0.     46.    151.    212.    243.    273.    288.    350.    366.     BEANS
 SEASON PERCENT LOSS        75.     13.     13.     25.     43.     68.    100.    100.     75.     BEANS
 TIME OF YEAR (DAYS)         0.    166.    212.    243.    268.    304.    319.    350.    366.   W.WHEAT
 SEASON PERCENT LOSS        25.     25.     50.    100.    100.     25.      5.      5.     25.   W.WHEAT
 TIME OF YEAR (DAYS)         0.    151.    182.    243.    273.    311.    335.    350.    366.   S.WHEAT
 SEASON PERCENT LOSS        10.     10.     25.     50.    100.    100.     25.     10.     10.   S.WHEAT
 TIME OF YEAR (DAYS)         0.    151.    182.    227.    258.    273.    335.    366.      0.   PASTURE
 SEASON PERCENT LOSS         0.      0.      5.     75.     93.     93.     25.      0.      0.   PASTURE

 DURATION LOSS FUNCTIONS:

 DURATION (DAYS)             0.     10.    366.      0.      0.      0.      0.      0.      0.      CORN
 PERCENT LOSS                0.    100.    100.      0.      0.      0.      0.      0.      0.      CORN
 DURATION (DAYS)             0.     10.    366.      0.      0.      0.      0.      0.      0.     BEANS
 PERCENT LOSS                0.    100.    100.      0.      0.      0.      0.      0.      0.     BEANS
 DURATION (DAYS)             0.     10.    366.      0.      0.      0.      0.      0.      0.   W.WHEAT
 PERCENT LOSS                0.    100.    100.      0.      0.      0.      0.      0.      0.   W.WHEAT
 DURATION (DAYS)             0.     10.    366.      0.      0.      0.      0.      0.      0.   S.WHEAT
 PERCENT LOSS                0.    100.    100.      0.      0.      0.      0.      0.      0.   S.WHEAT
 DURATION (DAYS)             0.     30.    366.      0.      0.      0.      0.      0.      0.   PASTURE
 PERCENT LOSS                0.     90.     90.      0.      0.      0.      0.      0.      0.   PASTURE

 RECOVERY PERIOD FUNCTION:

 TIME OF YEAR (DAYS)         0.     17.     62.    176.    240.    259.    351.    366.      0.      0.
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Table 6
AFDAM Input

 RECOVERY PERIOD (DAYS)     45.     45.    159.     45.     45.     30.     30.     45.      0.      0.

10.12 COMPUTATION PROCEDURE.

In the AFDAM program, the computational procedure is as follows: for each day in the period of
record, the model calculates the flows at the downstream gage for each reach by routing the upstream
hydrograph, adding the reach gain and adding the routed tributary hydrograph, if any. The flow for
each reach is used to compute the flooded area from the discharge flooded area relationships. Next,
the flooded areas are divided into the various crop types based on the crop distribution patterns. Once
the acres flooded for each crop type are known, the percent crop loss is estimated based on time of
year, duration of flooding and recovery period. The duration of flooding computations considers the
time of flooding, including ponding effects after floodwaters recede. The recovery period will also
vary by season, soil type, local weather and geography. All possible combinations of flooding length
and the recovery period are searched to estimate the maximum damage potential for each year.
Annual maximum infrastructure damage is based a percentage of the agricultural damages.

10.12.1   Program Options. The AFDAM program has several options, which can be specified
by the user in order to test the sensitivity of various parameters and damage computation methods.
These options are described in the following paragraphs.

10.12.1.1 Gage Usage Option. An option has been incorporated to allow flooded areas for a
reach to be based on flow at the downstream gage only or be based on flow at both the upstream and
downstream gage. If the option selected is to use both the upstream and downstream gage, the
flooded areas are calculated for each flow using a single discharge-flooded area relationship and then
averaged.

10.12.1.2 Duration of Flooding Option. In order to calculate flood damage as a function of
duration of flooding, the AFDAM program searches all combinations of duration throughout each
year up to a maximum duration, which is specified by the user. Because of the computation scheme
used in the search, the execution time increases exponentially with the maximum duration selected.
Generally, the maximum value should correspond with the duration, which causes the greatest
damage to ensure that maximum damage potential is estimated. However, if the length of the
recovery period exceeds the duration which causes the greatest damage, the maximum duration may
be specified by the user as one day, since the length of the recovery period will be the controlling
factor in the damage computations. Sensitivity tests can be performed to determine the optimum
value to be used.  Another option in the program is to base damages on the time of year only without
consideration of the duration of flooding and recovery period functions. Use of this option greatly
increases program execution speed but can result in an underestimation of the damage potential.

Streamflow Routing. Currently, the only routing procedure available in the AFDAM program is the
Straddle/Stagger (Progressive Average-Lag) method. The number of days to lag and average the
upstream flows can be specified by the user. These values can be estimated with HEC-1 model
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studies or through other routing studies. It is necessary to specify routing coefficients when assessing
project benefits. However, if only existing damage potential is to be estimated and the historic
streamflows are not adjusted, reach gains can be calculated directly by subtracting the upstream gage
records from the downstream gage records and no routing is required. If routing coefficients are
used, the reach gains should be calculated by subtracting the routed upstream hydrograph from the
downstream hydrograph. If tributary inflows are included along the reach, they must be taken into
consideration in the calculation of reach gains.

Reverse Flow. Reverse Flow (negative discharges) can be taken into consideration by specifying
coefficients that relate the reverse flow to an equivalent flow, which would produce the same flooded
area. Currently, an equation in the power form is used (i.e. Q=A*R**B) to convert the reverse flow
to an equivalent flow. The coefficients can be estimated by relating the reverse flow to stage caused
by the reverse flow and combining that relationship with the stage discharge rating curve to develop
a relationship between reverse flow and equivalent flow. If this option is not used, the program will
treat reverse flows as zero flow. Caution must be exercised when using this option with adjusted
streamflows as negative values may be a result of the computation procedure used in adjusting and
routing the streamflows and may not actually be reverse flows which could result in an
overestimation of damages.

10.12.1.3 Infrastructure Damage Options. Infrastructure damage for each reach can be based on
a flow versus damage relationship or can be estimated as a percentage of crop damage. If the
percentage of crop damage option is used, percentages can be fixed or may vary as a function of
flow.

10.12.1.4 Reservoir Operation Option. Reservoirs can be added to assess the benefits of
mainstem and/or tributary flood control storage. Operation is specified as flood control capacity and
maximum release capacity. Maximum release capacity can be fixed or can vary by season. Once
flood control storage is filled, inflows exceeding release capacity are spilled without routing through
surcharge storage. One reservoir can be specified for each reach and each tributary.

10.13 METHODOLOGY LIMITATIONS.

The AFDAM program calculates damage potential on a water year basis. therefore, all calculations
are initialized on October 1 of each year. If a flood occurs in late September and ends in early
October, crop damage may be underestimated as the duration of flooding may be incorrect. Another
limitation is that many of the functions used by the program cannot be precisely defined. Therefore,
sensitivity studies in many applications are needed to determine the influence on the results. It should
also be noted that since calculations are initialized on October 1 some error in calculating
streamflows may be introduced during the first few days of each water year if streamflow routing is
utilized. This error would only affect the number of days equal to the cumulative lag times of all
reaches. Since the program searches for the maximum damage potential for each year, damage could
be under estimated in years when flooding occurs during phase 2 and maximum damage occurs
during phase 3 and/or phase 4 with sufficient recovery time between each flood event. In this case,
the secondary planting investment would not be included in the total damage estimates. To
compensate for this situation, damages can be increased externally for those years in which this
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situation occurs or the crop damage functions or crop values can be increased to reflect the losses
incurred from secondary planting investments.

10.14 MODEL VERIFICATION

To test the AFDAM Model’s ability to reflect actual historic floods and associated flood damages,
the model’s results from 1993 to 1996 were compared to results compiled by surveys by the James
River Water Development District.  Approximately 25% of the landowners responded to the survey
questionnaire.  The survey results showed the following:

Table 7 – Model Verification
1993 1994 1995 1996

Acres Impacted by Flooding 21,711 22,346 30,400           23,630
Crop loss in $1,000,000 2.4 2.3 3.0 2.9

Since only approximately 25% of the landowners responded to the survey, the actual values are
probably two to four times larger.  The results of the AFDAM model for flooded areas and total
flood damages in South Dakota are shown in Figures 2 and 3.

Figure 2
Historic/Simulated Flooded Areas
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Figure 3
Historic/Simulated Flood Damages

The results from the model show that the model results fall within the range of probable flooded
areas.  The same is true for the total flood damages, except for 1995 which was higher than the 4
time survey value.

Additionally, the 1969 flood event had a reported flooded area of approximately 80,000 acres.  The
AFDAM model estimated 117,000 acres flooded.

10.15 EXISTING CONDITIONS RESULTS.

The results for the AFDAM model including the average estimated annual damage (EAD) for
existing conditions are shown below:

Table 8 – Summary of Total Damages

 YEAR    RCH1    RCH2    RCH3    RCH4    RCH5    RCH6    RCH7    RCH8    RCH9   RCH10   TOTAL

 1955      0.     17.      3.     34.      0.      0.      0.     21.     97.     99.    271.
 1956      0.     23.      8.     12.      0.      0.      0.      7.      9.      9.     68.
 1957      0.      0.      1.      0.      0.      0.      0.     24.    112.     94.    230.
 1958      0.      2.      4.     14.     17.      0.      4.     18.     47.     39.    145.
 1959      0.      1.      0.      0.      0.      0.      0.      0.      1.      0.      2.
 1960      0.      2.     47.    179.    199.     11.    132.   1740.   2416.   1559.   6285.
 1961      0.      0.      0.      0.      0.      0.      0.      5.     75.     62.    142.
 1962      0.     53.    773.    187.    722.     34.     88.   2004.   4176.   2684.  10719.
 1963      0.      1.     19.     23.     80.      0.      0.      4.     11.      9.    147.
 1964      0.     16.    896.    301.    456.     21.      1.      7.      7.      6.   1710.
 1965      0.     14.     70.    167.    832.     61.     23.     25.     31.     27.   1250.
 1966     23.     19.    112.    810.   1466.    285.     87.    360.    279.    228.   3670.
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Table 8 – Summary of Total Damages

 YEAR    RCH1    RCH2    RCH3    RCH4    RCH5    RCH6    RCH7    RCH8    RCH9   RCH10   TOTAL
 1967      0.     15.     21.     50.    717.     48.     20.    219.    181.    152.   1422.
 1968      0.     24.      3.      2.     10.      0.      0.      5.     14.     11.     67.
 1969     23.     45.    921.   1143.   5520.   2648.    292.   2164.   2621.   1661.  17038.
 1970      0.      7.      8.     18.    170.      3.      5.     38.    158.    124.    531.
 1971      0.     13.      6.     45.      5.      0.      0.     13.    230.    201.    514.
 1972      0.      4.     23.    588.    848.     53.     71.    956.   1346.    913.   4803.
 1973      0.      2.      1.      0.      0.      0.      0.    228.    363.    299.    893.
 1974      0.     15.     27.     30.      1.      0.      0.      1.     17.      9.    100.
 1975     23.    457.   1577.    445.   1337.    172.     31.     21.     18.     19.   4098.
 1976      0.      7.     13.     22.    198.      0.      0.      3.      5.      4.    253.
 1977      0.      6.      0.      0.      0.      0.      0.    626.    181.    166.    979.
 1978      0.     19.    142.    474.   1436.    302.    136.   1106.   1818.   1137.   6570.
 1979     23.     72.    708.    548.   2109.    453.    128.    203.    373.    278.   4894.
 1980      0.      7.      4.     18.      0.      0.      0.      2.      3.      3.     38.
 1981      0.      2.      1.      0.      0.      0.      0.      0.      0.      0.      3.
 1982      0.     18.     72.    525.    975.     94.     30.     32.    243.    212.   2200.
 1983     23.     30.     49.    191.   1074.    136.     47.     36.    897.    316.   2801.
 1984      0.     16.     55.    157.    999.    110.     33.   2529.   5947.   3355.  13202.
 1985      0.      2.      2.     11.    543.     36.     52.    547.    700.    467.   2362.
 1986      0.     13.    157.    124.   1995.    421.    220.   2521.   3348.   1969.  10769.
 1987     23.     20.    136.    257.   1528.    277.     91.    970.   1856.   1273.   6432.
 1988      0.      6.      4.     16.      2.      0.      0.      6.     15.     13.     61.
 1989      0.      1.     39.    423.   1271.    188.    127.    624.    313.    179.   3162.
 1990      0.      1.      0.      0.     17.      0.      0.      1.     10.      6.     35.
 1991      0.      6.      2.      0.     99.      0.      0.    561.    250.    174.   1091.
 1992      0.      1.      0.      0.    158.      0.      0.     12.     14.     16.    200.
 1993     35.    483.    445.     54.   1009.    100.     20.    995.   5438.   3182.  11761.
 1994     30.     22.    204.    564.   1785.    481.    117.   1338.   1764.   1153.   7459.
 1995     23.     32.    527.    622.   5790.   1626.    233.   3281.   4341.   2639.  19114.
 1996     23.     42.    703.    397.   1937.    406.    113.   1094.   1172.    805.   6693.
 1997    700.     30.   1469.   2633.  15223.   6274.    376.   2762.   3429.   2016.  34912.

  AVE     22.     36.    215.    258.   1175.    331.     58.    630.   1031.    641.   4398.

10.16 RELEASE SCENARIO ALTERNATIVES

10.16.1   Existing Operating Plan (1975 Field Working Agreement).

The Reservoir regulation procedures normally employed to meet the objectives of flood control are
those given in Table 1 of the Field Working Agreement between the Corps of Engineers and the
Bureau of Reclamation for operation of Jamestown Dam and Reservoir (Exhibit II of this manual).
The plan provides for the maintenance of flow levels ranging to as high as 1,800 cfs at the Jamestown
gage whenever flood control storage is accumulated in Jamestown or Pipestem Reservoirs. The
selected flow level and scheduling of reservoir release is dependent upon storage accumulations in the
two reservoirs. The regulation plan is also designed to evacuate the flood control storage space before
the onset of the winter season. Jamestown flow levels may be maintained at higher levels than
indicated by the tabulated storage-flow relationship, dependent on the time remaining to the onset of
winter. However, Jamestown flow levels will not be increased (above the 450 cfs level) solely to
achieve complete storage evacuation before the freezing of the downstream channel. These
procedures are believed to provide the maximum practicable flood reductions at downstream points
consistent with evacuating storage space for the control of succeeding flood occurrences.

1975 Jamestown Dam Flood Control Regulation Procedure *
Coincident Reservoir Levels
Jamestown Pipestem Target Flow at Jamestown Gage
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1975 Jamestown Dam Flood Control Regulation Procedure *
Coincident Reservoir Levels
Jamestown Pipestem Target Flow at Jamestown Gage

1. 1445.4 - 1454.0 Below    1496.3 1,800 cfs from Jamestown
2. Below    1445.4 1489.0 - 1496.3 1,800 cfs from Pipestem
3. 1440.0 - 1445.5 Below    1489.0 750 cfs from Jamestown
4. Below    1440.0 1478.2 - 1489.0 750 cfs from Pipestem
5. Below    1440.0 Below    1478.2 450 cfs from Combined

Jamestown & Pipestem

10.16.2   Description of Alternative Plans.

Reservoir Simulation Model.  The operating alternatives that were investigated fall under five (5)
broad categories.  Under each of these broad categories are countless different variations, depending
on the magnitude and timing of the release.  Around 158 of these variations were actually simulated.
The five broad categories are as follows;

(1) Existing plan (variable release).
(2) Variable release, then constant minimum.
(3) High early release then reduced.
(4) High spring release, low summer, and then high fall.
(5) Constant release.

A computer model was developed to simulate the operation of the reservoirs under each of these
alternatives and many of their variations.  Once the model was set up, the reservoirs were “operated”
for the period of record using historic inflows and downstream incremental flows for the years 1954
to 1997.  This generated a synthetic historic record consisting of daily values for reservoir elevations
and discharges.  This section will discuss the alternatives and will show samples of the output from
the simulation model.  For purposes of understanding the release pattern of each of these categories,
a detail description follows.  Along with this discussion graphical examples of the output of the
simulation model for 1987 and 1997 are presented in the following paragraphs.  These can be
compared to the actual historic operation to give a better understanding of the release criteria and the
performance of the computer simulation model.

Figure 4. Actual operation for 1987 and 1997.  These plots show the combined release in cubic feet per second (cfs)
from Jamestown and Pipestem Dams for the years 1987 and 1997.  The year 1987 was a year when runoff was slightly
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above average and the year 1997 was much above average.  The actual operation deviated in both years from the 1975
F.W.A.  In 1987, the F.W.A. called for a release of 750 cfs while the maximum actual release that was made was only 450
cfs  In 1997, higher releases were made earlier than what was called for in the F.W.A. in the hope of avoiding the need to
make an 1800 cfs release.  Also higher releases were held later in the season in order to “get the water out” in the hope of
allowing the flooded land in South Dakota time to drain before winter.

10.16.2.1 Existing plan (variable release).

This operations alternative reflects as closely as possible the current plan of regulation as stated in
the 1975 Field Working Agreement.  The detail of this plan are discussed in EXISTING
OPERATING PLAN (1975 FIELD WORKING AGREEMENT).  For the sake of simplifying the
computer simulation model, releases from the first level of the flood control zone (Jamestown
elevation less than 1440.0 ft, msl and Pipestem less than 1478.2 ft, msl) were split at a 350/100 cfs
rate.  Pipestem is not allowed to release more than 100 cfs in that level for any reason, even if
Jamestown is not releasing.  This simulation worked well, hitting 1800 cfs in 1995, 1996, and 1997.
However, Pipestem is sometimes left  with excess water at the end of the season (10 feet in 1975 and
1979) and both reservoirs were left with excess water in 1993-97.

Figure 5. Releases under the existing plan for 1987 and 1997.  These two plots show the computer simulation of
releases for 1987 and 1997 strictly following the 1975 F.W.A.  The model does a good job of following the 1975 plan.
Comparing these plots to Figure 4 shows that the actual operation was only slightly different.

10.16.2.2 Variable release, then constant minimum.

This alternative starts out identical to the existing plan.  Releases are set according to the pool
elevation of the reservoirs, 1800 cfs (top level), and 750 cfs (mid level).  Once the reservoirs drop
below the mid level requiring a release of 750 cfs, the simulation model determines a constant
release that will evacuate both pools by November 15.  The magnitude of this release is dependent on
how much time remains in the season to evacuate the remainder of the storage in the flood pool.
This alternative managed to get rid of all flood water stored by November 15, even in 1997.
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Figure 6. Variable release, then constant minimum, for 1987 and 1997.  Notice that this alternative starts out nearly
identical to Figure 5. Releases under the existing plan for 1987 and 1997.  Then, as the pool elevation drops below the
level requiring 750 cfs, releases are reduced to a constant minimum instead of the combined 450 cfs required by the
existing plan.  In the year 1987 the pool dropped below the 750 cfs level early in the year resulting in a low constant
release of 250 cfs.  On the other hand, 1997 was much wetter requiring a constant release of over 600 cfs to evacuate the
remainder of the storage.

10.16.2.3 High early release, then reduced.

As the flood pool fills up, releases are increased as quickly as possible without exceeding inflow up
to a maximum pre-determined level.  This release is maintained until the storage is either completely
evacuated or reduced to a level allowing a low minimum release the remainder of the season.
Simulations were made using 750 cfs, 900 cfs, 1300 cfs, and 1800 cfs as maximum discharges and
reduced rates of matching inflow, 100 cfs, 200 cfs, 300 cfs, and 350 cfs.

Figure 7. High early release of 1800 cfs until flood storage evacuated for 1987 and 1997.  Releases under this
alternative are set at 1800 cfs until the flood storage is completely evacuated.  After the flood pool is emptied, releases are
set to pass inflow.  All variations under this alternative with the exception of “750 cfs” managed to evacuate all storage in
the flood zone.  The “750 cfs” variation failed to empty in 1997.
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Figure 8. High early release of 1800 cfs followed by a constant release of 100 cfs for 1987 and 1997.  Releases
under this alternative are set at 1800 cfs until the flood storage is evacuated to a point where a constant release of 100 cfs
will evacuate the remainder of the storage by November 15.  There were problems with simulating this alternative.
Frequently the reduced rate is applied to soon, often after but a single day of the initial rate.  Large inflows occurred after
the rate has already been cut back.  Not a single simulation of this alternative managed to evacuate the water in flood
storage in every year.  The most forgiving run (1800 cfs followed by 350 cfs) failed to empty the flood pool in 1993, 1994,
1995, and 1997.

10.16.2.4 High spring release, low summer, and then high fall.

This alternative attempts to evacuate water stored in the flood pool by making a high early spring
release, reduced summer release, and followed by a high fall release.  This alternative is simple in
operation, but has so many possible variations that it was not feasible to run them all.  Six different
items can be varied under this alternative:

Table 9 Six (6) variables and their values under the high spring release, low summer, then high fall alternative.

After some initial screening and eliminating combinations that were known not to work, the above
possibilities were reduced to 32 variations.

Table 10. Six (6) variables and their screened values under the high spring release, low summer, then high fall
alternative reduced to 32 workable combinations.

---- SPRING ---- ---- SUMMER ----- ---- FALL ----
START REDUCE INCREASE

(1)DATE (2)RATE (3)DATE (4)RATE (5)DATE (6)RATE
01MAR 1800 01APR 100 01AUG 1800

1300 07APR 200 07AUG 1300
900 14APR 300 14AUG 900
750 21APR 21AUG 750

01MAY 01SEP 600
450

---- SPRING ---- ---- SUMMER ----- ---- FALL ----
START REDUCE INCREASE

(1)DATE (2)RATE (3)DATE (4)RATE (5)DATE (6)RATE
01MAR 1800 01APR 100 01AUG 1800

750 01MAY 300 01SEP 900



APPENDIX A – HYDROLOGY

A-35

This alternative is an attempt to pass the bulk of the stored water through the system outside the
growing and harvesting season.  The early spring release is reduced in time to allow fields that had
been flooded by the spring snowmelt to drain.  The summer release is low enough to avoid
reflooding fields during the growing season.  The high fall release is intended to evacuate the
remainder of the water in the flood storage pool after the harvest had been completed.

The workability of this alternative varies with the length of the spring, summer, and fall release
seasons.  Since each variation of this alternative is capable of releasing a calculated volume of water,
and since each year of record at the two reservoirs represents a historic volume of water, just over
half of the 1800 possible variations were eliminated “volumetrically”.  Other variations failed due to
“timing” problems from large inflows occurring at times when the reservoirs could release only
small volumes.  The number of “working” variations was reduced to 21 of which some of these
failed in 1997.  However since 1997 was such an unusual year, it was not allowed, by itself, to
determine the workability of an individual variation of this alternative.

Figure 9. High spring release (March 1 1800 cfs), low summer (May 1 100 cfs), then high fall (September 1 1800 cfs)
for 1987 and 1997.

10.16.2.5 Constant release.

This alternative maintains as near a constant combined outflow as possible to arrive at November 15
with the both flood pools empty each year.  The computed outflow from each reservoir is
apportioned according to the percentage of its flood pool that is filled.  New computations are made
each day, taking into account new inflow, evaporation, outflow, and the number of days remaining to
evacuate the remainder of the storage.  A "forecast replacement factor" (FRF) is used to exaggerate
the degree of flood pool storage which remains each day.  This takes the place of forecasting future
inflows and works surprisingly well.  It is effective and yet non-sensitive.  A value of 1.5 seemed to
work best.  This alternative worked very well, and never exceeded 1100 cfs when releasing.  The
releases were remarkably consistent and "square-shouldered" for any given year, but the release rate
varied according to the wetness of the year
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Figure 10. Constant release for 1987 and 1997.  A release of 300 cfs was sufficient to evacuate the flood storage in
1987 while it took 1000 cfs in 1997.

Figure 11. Constant release with dampening for 1987 and 1997.  This variation is identical to the one shown in Figure
10. Constant release for 1987 and 1997 with two differences; (1) the target date of November 15 is allowed to float plus
or minus 10 days, and (2) the discharge is allowed to increment or decrement only in multiples of 20 cfs.  This results in a
much more “steady state” outflow.

10.17 EVALUATION OF RELEASE SCENARIOS ON DOWNSTREAM FLOOD
DAMAGES.

The AFDAM flood damage reduction model was used to simulate the various release scenarios for
the period of 1955 through 1997.  The release scenarios were reduced to the 41 shown below along
with two other conditions; no releases from Jamestown and Pipestem Reservoirs and the natural (no
dams) conditions.
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Table 11
Average Annual Damages in $1000

        Release Alternative                        rch 1     rch 2     rch 3     rch 4     rch 5     rch 6     rch 7     rch 8     rch 9    rch 10    Total

 No Release
  JRNOREL.DAT    NO RELEASES                         .00     25.28    169.31    267.48   1062.87    301.96     52.78    607.81   1008.59    627.40   4123.49

 Variable Release Then Constant Minimum
  DATP1---.--L   REGLEVELS*NO-WINTER               38.08     35.84    219.06    270.00   1173.16    330.75     57.73    630.11   1031.26    641.20   4427.20

High Early Then Minimum
  DATP2---.A-N   1800*NO-WINTER                   345.46     61.91    380.39    335.36   1824.92    541.11     83.74    714.39   1097.04    688.43   6072.75
  DATP2---.B-N   1300*NO-WINTER                   121.43     53.33    349.04    317.06   1646.66    476.79     78.69    678.53   1063.84    667.97   5453.33
  DATP2---.C-N   900*NO-WINTER                     20.80     48.00    281.74    294.46   1497.54    423.69     72.49    655.05   1046.88    655.27   4995.93
  DATP2---.D-N   750*NO-WINTER                     14.90     54.50    256.64    287.69   1440.44    403.79     70.08    647.00   1046.06    650.19   4871.28

High Early Then Constant
  DATP3k30.AAN   1800*100*NO-WINTER               418.55     59.51    361.08    323.88   1721.56    512.05     80.18    698.24   1082.59    679.43   5937.06
  DATP3k30.ABN   1800*200*NO-WINTER               367.98     59.15    327.42    293.02   1527.41    442.57     71.62    663.03   1063.02    661.70   5476.91
  DATP3k30.ACN   1800*300*NO-WINTER               368.11     45.81    311.18    286.32   1388.49    391.72     64.71    649.08   1059.09    658.26   5222.77
  DATP3k30.ADN   1800*350*NO-WINTER               368.12     39.27    285.80    280.26   1288.80    365.30     61.72    648.75   1058.95    658.29   5055.25
  DATP3k30.BAN   1300*100*NO-WINTER               146.08     52.44    325.86    298.43   1524.52    446.73     73.34    664.94   1052.76    659.70   5244.81
  DATP3k30.BBN   1300*200*NO-WINTER               129.95     50.23    297.41    284.84   1393.21    398.94     68.85    648.13   1046.47    652.55   4970.58
  DATP3k30.BCN   1300*300*NO-WINTER               129.94     39.05    272.35    279.32   1290.04    364.29     61.73    641.91   1045.80    650.13   4774.56
  DATP3k30.BDN   1300*350*NO-WINTER               129.96     39.24    274.62    274.77   1279.53    360.93     61.26    643.66   1045.98    650.36   4760.31
  DATP3k30.CAN   900*100*NO-WINTER                 23.53     48.63    272.98    285.44   1356.33    392.12     67.16    644.58   1041.73    650.05   4782.57
  DATP3k30.CBN   900*200*NO-WINTER                 22.07     43.78    243.19    275.13   1260.87    355.26     62.03    636.59   1035.62    644.44   4578.98
  DATP3k30.CCN   900*300*NO-WINTER                 22.06     37.75    227.01    271.52   1215.67    341.61     58.60    635.55   1036.83    644.68   4491.29
  DATP3k30.CDN   900*350*NO-WINTER                 22.06     38.56    227.76    268.90   1216.19    342.74     58.74    637.17   1036.63    644.65   4493.40
  DATP3k30.DAN   750*100*NO-WINTER                 16.62     48.78    220.27    272.81   1301.87    374.98     64.70    637.38   1035.82    645.65   4618.89
  DATP3k30.DBN   750*200*NO-WINTER                 15.73     41.58    225.65    272.39   1223.43    345.36     60.08    632.32   1032.12    641.95   4490.61
  DATP3k30.DCN   750*300*NO-WINTER                 15.73     37.40    213.81    268.96   1196.26    335.93     57.47    631.73   1033.62    642.53   4433.43
  DATP3k30.DDN   750*350*NO-WINTER                 15.73     38.27    208.45    267.35   1197.89    337.13     57.82    633.11   1033.42    642.49   4431.65

High Spring – Low Summer – High Fall
  DATP4AAA.AAA   01MAR1800*01APR100*01AUG1800     326.91     44.54    433.52    281.20   1412.17    421.33     68.08    648.39   1029.30    644.08   5309.52
  DATP4AAA.AEA   01MAR1800*01APR100*01SEP1800     310.87     38.28    404.27    277.73   1373.64    411.66     65.83    644.18   1029.24    643.59   5199.29
  DATP4AAA.CAA   01MAR1800*01APR300*01AUG1800     223.94     42.56    299.76    279.41   1425.26    428.18     69.62    658.42   1035.48    649.09   5111.72
  DATP4AAA.CAC   01MAR1800*01APR300*01AUG900      162.03     39.51    203.53    277.21   1400.67    420.83     67.60    653.81   1035.29    648.76   4909.25
  DATP4AAA.CEA   01MAR1800*01APR300*01SEP1800     223.94     40.08    286.23    277.16   1400.87    420.35     67.49    653.81   1035.49    648.75   5054.16
  DATP4AAE.AAA   01MAR1800*01MAY100*01AUG1800     258.38     38.04    366.28    306.38   1676.08    506.72     78.60    693.75   1064.64    666.76   5655.64
  DATP4AAE.AAC   01MAR1800*01MAY100*01AUG900      215.69     34.92    324.62    302.89   1648.75    500.44     77.13    693.66   1064.64    666.76
5529.51
  DATP4AAE.AEA   01MAR1800*01MAY100*01SEP1800     254.41     35.23    363.12    302.87   1650.87    499.90     77.05    693.67   1064.64    666.77   5608.52
  DATP4AAE.CAA   01MAR1800*01MAY300*01AUG1800     230.42     41.98    337.14    303.51   1661.55    504.25     78.36    697.03   1068.27    669.22   5591.73
  DATP4AAE.CAC   01MAR1800*01MAY300*01AUG900      214.93     40.95    308.14    301.31   1647.45    500.46     77.36    697.03   1068.27    669.22   5525.12
  DATP4AAE.CEA   01MAR1800*01MAY300*01SEP1800     230.42     41.50    344.60    301.25   1648.08    500.02     77.27    697.03   1068.27    669.22   5577.67
  DATP4AAE.CEC   01MAR1800*01MAY300*01SEP900      214.93     40.77    301.11    300.70   1647.41    499.96     77.24    697.03   1068.27    669.22   5516.65
  DATP4ADA.AAA   01MAR750*01APR100*01AUG1800      295.33     44.53    451.84    251.87   1277.04    364.04     63.47    627.21   1021.29    637.61   5034.21
  DATP4ADA.AEA   01MAR750*01APR100*01SEP1800      279.29     38.25    425.15    248.47   1235.94    353.52     61.19    622.79   1021.02    637.12
4922.74
  DATP4ADA.CAA   01MAR750*01APR300*01AUG1800      183.28     44.02    327.14    250.17   1292.39    371.38     65.07    639.53   1032.92    643.07   4848.97
  DATP4ADA.CEA   01MAR750*01APR300*01SEP1800      151.91     40.68    282.86    247.92   1268.00    363.55     62.95    634.99   1033.19    642.73
4728.77
  DATP4ADE.AAA   01MAR750*01MAY100*01AUG1800      227.44     39.34    386.68    264.59   1390.77    400.59     69.16    639.43   1031.92    644.74   5094.66
  DATP4ADE.AEA   01MAR750*01MAY100*01SEP1800      213.72     35.09    353.89    261.08   1351.73    389.52     66.70    635.26   1032.39    644.71   4984.07
  DATP4ADE.CAA   01MAR750*01MAY300*01AUG1800      136.86     41.38    300.44    259.95   1378.10    398.77     68.96    645.24   1038.77    647.00   4915.48
  DATP4ADE.CAC   01MAR750*01MAY300*01AUG900        13.11     39.26    238.23    257.75   1353.52    391.43     67.02    641.48   1038.77    647.00   4687.56
  DATP4ADE.CEA   01MAR750*01MAY300*01SEP1800      136.86     39.75    303.94    257.70   1354.15    390.98     66.92    641.67   1039.16    646.99   4878.11

Constant
  datp6---.--n   10-DAY*20-CFS*NO-WINTER            4.66     37.56    196.09    265.55   1149.92    323.99     56.32    627.76   1029.56    639.84   4331.24
  DATA6---.--N   10-DAY*20-CFS*ALL-YEAR             1.54     32.44    177.82    263.56   1117.69   316.47     55.22    621.44  1023.62    636.53  4246.32

Existing
   d35pxunl.2wl   REGLEVELS*WINTERDUMP              20.99     39.77    227.73    259.97   1274.12    356.07     62.48    640.82   1041.07    647.14 4570.16

Natural (No Dams)
  JRNATFL.DAT    USGS                            2966.53    139.54    392.14    545.10   2608.46    789.52     91.47    767.43   1134.51    706.38  10141.09

NOTE:

2222.22 – Minimum for all classes for given reach
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10.18 SUMMARY OF RESULTS

10.18.1   Hydrologic Results.

The hydrologic results are summarized in the following paragraphs.  Average flow years are
represented by the year 1987, which is a fairly typical average flow year.  High flow years are
represented by the year 1995, which is a fairly typical high flow year.  Low flow years are not shown
simply because most of the plots of low flow years are basically a straight line.

Pool Levels:  The pool levels for Jamestown Reservoir for the different release scenarios for the
years 1987 and 1995 are shown in plates 12 and 13.  The pool levels for Pipestem Reservoir are
shown in Plates 14 and 15.

Reservoir Releases: The reservoir releases for Jamestown Reservoir for the different release
scenarios for the years 1987 and 1995 are shown in Plate 16 and 17.  The reservoir releases for
Pipestem Reservoir for the different release scenarios for the years 1987 and 1995 are shown on
Plates 18 and 19.

Downstream Discharge Hydrographs:  Discharge hydrographs for Jamestown, ND for the different
release scenarios for the years 1987 and 1995 are shown on Plates 20 and 21. Discharge hydrographs
for LaMoure, ND for the different release scenarios for the years 1987 and 1995 are shown on Plates
22 and 23. Discharge hydrographs for Columbia, SD for the different release scenarios for the years
1987 and 1995 are shown on Plates 24 and 25. Discharge hydrographs for Ashton, SD for the
different release scenarios for the years 1987 and 1995 are shown on Plates 26 and 27. Discharge
hydrographs for Huron, SD for the different release scenarios for the years 1987 and 1995 are shown
on Plates 28 and 29.

10.18.2   Economic Results.

All scenarios show significant reductions in damages along the James River when compared to the
no dam scenario.  For the various scenarios, there is a relatively small difference of potential
damages, ranging from 4.3 to 6.0 million dollars in average annual damages.  This is due to the fact
that a majority of the damages occur below the Elm River confluence, where the reservoirs have
minimum impact on the flows.

The scenarios that result in the least flood damages vary depending on the location along James
River.

For the City of Jamestown, where damages are solely a function of the peak discharge each year, the
constant minimum release scenario results in the least damages.

For the rest of James River in North Dakota, in general, a high early spring release followed by a
lower release rate results in the least damages.  This is because the high spring flows have a chance
to pass through the reach earlier on in the year without incurring significant agricultural damages.
The higher channel capacities in this reach somewhat lessen the adverse impact of sometimes having
higher peak flow rates in this scenario than in the existing release scheme.
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For the Lake Plain region in South Dakota, a constant minimum release results in the least damages.
Because of the extremely flat gradient in this region and extremely limited channel capacity, the area
acts literally like a lake and the flood damages are primarily a function of peak stages.
Consequently, there is a direct relationship between the peak flows and damages, pretty much
regardless of the time of year the peak flows occur.

For the lower portion of the James River in South Dakota, release scenarios that call for a high early
spring, low summer, and high fall releases result in the minimum damages.  This is because the high
fall releases have a chance to pass through the region after harvest.

The summary results of total damages for each one of the scenarios is shown in Tables 17 through 23
and in Plates 7 through 11.

The differences in total damages between each scenario and the existing conditions scenario was
computed reach by reach and year by year.  The results of this analysis are shown in Tables 24
through 27.

10.19 ANALYSIS OF EXTREME FLOOD EVENTS

The impact of various release scenarios on extreme flood events outside the range of flood events in
the period-of-record was also analyzed.

To evaluate the effects of the release scenarios on extreme flood events, the Standard Project Flood
(SPF) was routed through the two reservoirs.  The antecedent pools were based on the June through
August pool duration curves.  This SPF is the result of late summer thunderstorms, so consequently,
this analysis looks at the impact of keeping pool levels higher throughout the summer months on
uncontrolled spillway releases.  The pool duration curves were developed from the period-of-record
pool levels for the different scenarios.

Coincident frequency analyses was used to combine the pool-duration curves (Fig. 12) and routings
through the reservoirs (Fig. 13) to determine the resulting project releases.
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The coincident frequency analysis was performed by descritizing the pool-duration curves at various
pool levels, using the pool level as the antecedent pool level, routing the SPF hydrograph through the
reservoirs, and weighting the resulting peak flow with the incremental percentage of time that the
given antecedent pool was at that level.  Once the peak flows were determined, the full outflow
hydrographs were developed.  The hydrographs, in turn, were routed downstream starting March 1
and using the 1997 lateral inflows, to determine downstream damages.  The results for the various
Schemes are shown in Table 13.

Table 13
Extreme Event Damages

Scheme

Pipestem
Peak

Release in
cfs

Jamestown
Peak Release

in cfs

Combined
Release
in cfs

Damages at
City of

Jamestown
($1000)

Total
Downstream

Damages
($1000)

Existing 3030 1000 4030 6198 42,051

Variable
Release Then

Constant
Minimum

3360 1000 4360 6930 42,888

High Early
 Then

Constant

2270 1000 3270 3896 39,003

0 2 4 6 8 10 12 14 16
Time in Days

0

5000

10000

15000

20000

25000

P
o

o
l R

el
ea

se
 in

 c
fs

Initial Pool Level:
1480
1475
1470
1465
1460
1455
1450

Standard Project Flood Inflow

Figure 13
Pipestem Reservoir, Standard Project Flood Releases for Various Starting Pool Levels
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Table 13
Extreme Event Damages

Scheme

Pipestem
Peak

Release in
cfs

Jamestown
Peak Release

in cfs

Combined
Release
in cfs

Damages at
City of

Jamestown
($1000)

Total
Downstream

Damages
($1000)

High Spring
Low Summer

High Fall

2900 1000 3900 5747 41,534

Constant 2820 1000 3820 5498 42,051

The results show what was expected, in that, schemes which released flows early on in spring, such
as the High Early then Constant would have lower pool levels when the SPF came in the late
summer. Consequently, the releases and damages are minimized.  On the other hand, schemes which
meter out the water and maintain higher pool levels throughout the summer such as Constant and
Variable Then Constant Minimum have higher SPF releases and consequently higher damages.

10.20 EXTREME EVENTS AVERAGE ANNUAL DAMAGES

Average annual damages associated with extreme flood events were also computed.  The average
annual damage is the area under the cumulative damage-frequency curve as represented in Figure 15.
Because the SPF has no recurrance interval associated with it, the AAD was estimated as the SPF
damage value multiplied by the incremental probability of (0.02-0).  This is represented in Figure 14
as the area under the extreme events block.  Table 14 shows the results of the extreme value average
annual damage.
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Table 14
Extreme Value Average Annual Damage

Scheme SPF Downsteam
Damage in ($1000)

Extreme Events
AAD in ($1000)

Existing 42,051 841
Variable Release Then Constant 42,888 858

High Early Then Constant 39,003 780
High Spring-Low Summer-High

Fall
41,534 831

Constant Release 41,254 825

11 DAM SAFETY

The impacts of the release scenarios on dam safety of Jamestown Reservoir were investigated.
Previous Bureau of Reclamation studies have shown that Jamestown Dam can only pass 91% of the
Probable Maximum Flood (PMF) before overtopping the dam embankment.  This value is referred to
as the Threshold Flood.  This value was obtained by routing the PMF through the reservoir using the
100-year flood event as the antecedent flood and an initial pool level set at the top of conservation
pool of 1429.8 feet msl.
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Downstream Flood Damages for Period of Record and Extreme Events
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The previous Bureau runs were duplicated using HEC-1.  The results shown on Figure 15.  The
results are essentially the same,  90% to 91% and both have a peak outflow of 6200 cfs.

To evaluate the impacts of the release scenarios on the dam safety of Jamestown Reservoir,  ratios of
the PMF were routed through Jamestown Reservoir using different initial pool levels resulting from
the different release scenarios.  Instead of using the 100-year return interval flood as the antecedent
event and routing the hydrograph beginning with reservoir level at the top of conservation pool,  the
initial pool levels were set at the 100-year pool levels as determined for each of the individual release
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Jamestown Reservoir, Jun-Aug Pool-Frequency Relationships

Figure 15
Jamestown dam, Threshold Flood – 90% Probable Maximum Flood

0 5 10 15 20 25 30 35 40
1400

1410

1420

1430

1440

1450

1460

1470

1480

1490

1500

R
eservoir S

tage in ft m
sl

0

50000

100000

150000

200000

250000

F
lo

w
 in

 c
fs

                          Jamestown Dam
 Threshold Flood - 90% Probable Maximum Flood

Outflow (Peak = 6200 cfs)

Inflow
(Peak = 219,500 cfs)

Pool Level
(Peak = 1470.8)

Top of Dam = 1471



APPENDIX A – HYDROLOGY

A-44

scenarios.  The 100-year pool levels were for the June through August period which would be the
time frame for when the PMF would most likely occur.   Figure 16 shows the pool frequency
relationships for the various release scenarios.  Figure 16 shows that with the high early release
scenario, the pools  manage to be emptied down to the top of conservation for most years except for
two.  For release scenarios which limit downstream flows, but retain the spring flood flows longer
throughout the summer, tend to have higher pools.  The summary of the pool frequency relationships
is shown in Table 15.

Table 15
June-August 100-Year Pool Level

Release Scenario June-August 100-Year Pool Level
Constant Release 1451.0
High-Low-High 1450.0
Existing 1445.5
Variable 1445.0
High Early 1443.0

The PMF hydrograph was routed through the reservoir with the initial pool levels for the above
release scenarios’ 100-year pool levels.  The percentage of the PMF that could safely pass without
overtopping the Jamestown Dam embankment is shown below in Table 16.

Table 16
Percentage of PMF That Can Pass Without Overtopping the Jamestown Embankment

Release Scenario

June-August
100-Year Pool
Level

Threshold
Flood – Percent of
PMF

Difference from
Existing Scenario

Constant Release 1451.0 65% -14%
High-Low-High 1450.0 67% -12%
Existing 1445.5 79% --
Variable 1445.0 79% +0%
High Early 1443.0 81% +2%

There is a difference between the existing conditions using this method of the 100-year pool level
being the antecedent condition versus the Bureau’s method of using the 100-year inflow hydrograph
as the antecedent condition.  The difference is the Bureau’s 100-year pool level using the is 100-year
inflow hydrograph is approximately 1441 ft msl which is considerably lower that the 100-year pool
levels resulting from the release scenario simulations.  The annual maximum Jamestown pool level,
though, has been above 1440 ft msl for most of the ‘90s.  Consequently, using an antecedent
condition with a 100-year frequency, it is more likely that the dam could pass only 79% of the PMF.
This compares to the previous estimate by the Bureau’s of 91% of the PMF.  The important aspect of
the analysis, though, is the relative impact on Dam Safety as a result of the different release scenarios.
By holding back flows such as in the Constant Release or High-Low-High scenarios, the dam safety
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of Jamestown dam significantly degrades.  On the other hand,  releasing flows more quickly as in the
High Early plan, only causes a slight improvement to the dam safety.
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Table 17
Summary of Results for Existing Release Scenario

     JAMES RIVER WATER CONTROL MANUAL UPDATE
     SCHEMEX
     JAMESTOWN TO MOUTH

     SUMMARY OF TOTAL DAMAGES ($1000)

 YEAR    RCH1    RCH2    RCH3    RCH4    RCH5    RCH6    RCH7    RCH8    RCH9   RCH10   TOTAL

 1955      0.     17.      2.      0.      0.      0.      0.     21.     97.     99.    236.
 1956      1.     25.     15.     17.     19.      0.      0.      7.      8.      9.    102.
 1957      0.      1.      1.      0.      0.      0.      0.     24.    113.     94.    233.
 1958      3.      1.      5.     17.    148.      8.     15.     26.     65.     54.    342.
 1959      0.      1.      0.      0.      0.      0.      0.      0.      1.      0.      3.
 1960      3.      4.     55.    128.    649.     38.    132.   1740.   2416.   1559.   6724.
 1961      0.      0.      0.      0.      0.      0.      0.      5.     75.     62.    143.
 1962      0.     63.    788.    190.    740.     34.     88.   2002.   4175.   2682.  10763.
 1963      0.      1.     19.     23.     82.      0.      0.      4.     12.      9.    151.
 1964      1.     21.    836.    292.    492.     22.      1.      7.      7.      6.   1686.
 1965      3.     16.    202.    176.   1184.    148.     57.     51.     65.     55.   1957.
 1966      3.     22.    196.    810.   1745.    387.     99.    360.    279.    228.   4129.
 1967      3.      6.    113.    122.   1052.    135.     43.    197.    164.    142.   1977.
 1968      0.     24.      3.      1.     23.      0.      0.      5.     14.     11.     80.
 1969     23.     47.    921.   1143.   5538.   2648.    292.   2164.   2621.   1661.  17058.
 1970      0.      2.      6.     23.    274.      7.      5.     38.    158.    124.    638.
 1971      1.     16.     11.     23.     94.      0.      0.     13.    230.    201.    589.
 1972      3.      5.     23.    580.    983.     87.     71.   1032.   1428.    962.   5176.
 1973      0.      1.      1.      0.      0.      0.      0.    228.    363.    299.    893.
 1974      3.     17.     14.     27.    173.      0.      0.      4.     29.     17.    284.
 1975      3.    588.   1330.    339.   1418.    204.     38.     30.     18.     22.   3989.
 1976      1.      3.     11.     33.    391.     12.      0.      6.     11.      8.    475.
 1977      0.      6.      0.      0.      0.      0.      0.    626.    181.    166.    979.
 1978      3.     19.    223.    470.   1779.    430.    136.   1106.   1818.   1137.   7120.
 1979      3.     71.    905.    656.   2532.    593.    160.    341.    373.    278.   5911.
 1980      0.      8.      4.     23.     64.      0.      0.      4.      6.      5.    115.
 1981      0.      1.      2.      5.      0.      0.      0.      0.      1.      0.      9.
 1982      3.     19.    132.    473.   1349.    213.     66.     67.    354.    287.   2963.
 1983      3.     36.     64.    153.    857.     91.     34.     42.   1072.    393.   2744.
 1984      3.     17.    177.    251.   1377.    246.     68.   2664.   5949.   3356.  14109.
 1985      0.      1.      1.     10.    542.     36.     52.    547.    700.    467.   2354.
 1986      3.     10.    237.    168.   2422.    560.    232.   2552.   3362.   1977.  11523.
 1987     23.     23.    103.    309.   1560.    330.    113.    971.   1856.   1273.   6561.
 1988      0.      3.      6.      9.      1.      0.      0.      7.     17.     14.     57.
 1989      0.      1.     38.    423.   1267.    186.    127.    624.    313.    179.   3157.
 1990      0.      1.      0.      0.     17.      0.      0.      1.     10.      6.     35.
 1991      0.      6.      2.      0.     99.      0.      0.    561.    250.    174.   1091.
 1992      0.      1.      0.      0.    142.      0.      0.     12.     14.     15.    184.
 1993     34.    477.    443.     54.   1000.     98.     20.    989.   5437.   3182.  11733.
 1994     29.     27.    205.    564.   1824.    493.    118.   1338.   1764.   1153.   7516.
 1995     23.     32.    527.    635.   5790.   1626.    233.   3281.   4341.   2639.  19127.
 1996     23.     42.    703.    397.   1937.    406.    113.   1094.   1172.    805.   6693.
 1997    700.     30.   1469.   2633.  15223.   6274.    376.   2762.   3429.   2016.  34912.

  AVE     21.     40.    228.    260.   1274.    356.     62.    641.   1041.    647.   4570.
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Table 18
Summary of Results for Variable Release Scenario

     JAMES RIVER WATER CONTROL MANUAL UPDATE
     Variable Release Scenario
     JAMESTOWN TO MOUTH

     SUMMARY OF TOTAL DAMAGES ($1000)

 YEAR    RCH1    RCH2    RCH3    RCH4    RCH5    RCH6    RCH7    RCH8    RCH9   RCH10   TOTAL

 1955      0.     17.      3.     34.      0.      0.      0.     21.     97.     99.    271.
 1956      0.     23.      8.     12.      0.      0.      0.      7.      9.      9.     68.
 1957      0.      0.      1.      0.      0.      0.      0.     24.    112.     94.    231.
 1958      0.      3.      4.     24.     22.      0.      4.     18.     45.     37.    156.
 1959      0.      1.      0.      0.      0.      0.      0.      0.      1.      0.      2.
 1960      0.      3.     70.    246.    208.     10.    132.   1740.   2416.   1559.   6383.
 1961      0.      0.      0.      0.      0.      0.      0.      5.     75.     62.    143.
 1962      0.     53.    770.    186.    724.     34.     88.   2004.   4176.   2684.  10720.
 1963      0.      1.     19.     23.     81.      0.      0.      4.     11.      9.    148.
 1964      0.     16.    893.    300.    453.     21.      1.      7.      7.      6.   1703.
 1965      0.     13.    100.    219.    827.     60.     23.     24.     31.     26.   1323.
 1966     23.     19.    143.    810.   1545.    332.     90.    360.    279.    228.   3831.
 1967      0.     15.     22.     93.    718.     49.     19.    218.    180.    152.   1466.
 1968      0.     24.      3.      2.     12.      0.      0.      5.     14.     11.     71.
 1969     23.     43.    921.   1143.   5481.   2648.    291.   2164.   2621.   1661.  16997.
 1970      0.      7.     10.     18.    173.      3.      5.     38.    158.    124.    536.
 1971      0.     13.      6.     44.      3.      0.      0.     13.    230.    201.    511.
 1972      0.      5.     23.    620.    851.     54.     71.    956.   1346.    913.   4840.
 1973      0.      2.      1.      4.      0.      0.      0.    228.    363.    299.    897.
 1974      0.     14.     29.     31.      1.      0.      0.      1.     17.      9.    102.
 1975     23.    438.   1651.    464.   1292.    160.     29.     17.     19.     18.   4112.
 1976      0.      7.     16.     22.    163.      0.      0.      2.      5.      4.    220.
 1977      0.      6.      0.      0.      0.      0.      0.    626.    181.    166.    979.
 1978      0.     19.    145.    487.   1436.    300.    136.   1106.   1818.   1137.   6584.
 1979     23.     71.    694.    544.   2090.    447.    127.    197.    373.    278.   4842.
 1980      0.      7.      6.     19.      2.      0.      0.      3.      3.      2.     42.
 1981      0.      2.      0.      1.      0.      0.      0.      0.      0.      1.      5.
 1982      0.     18.     77.    595.    974.     94.     31.     32.    239.    209.   2270.
 1983     23.     29.     58.    247.   1104.    141.     48.     42.    881.    309.   2882.
 1984      0.     16.     55.    170.   1002.    112.     34.   2525.   5947.   3355.  13217.
 1985      0.      4.      4.     28.    530.     33.     51.    547.    700.    466.   2362.
 1986      0.     12.    152.    122.   1989.    419.    220.   2521.   3347.   1969.  10752.
 1987     23.     20.    136.    260.   1528.    282.     94.    960.   1855.   1270.   6428.
 1988      0.      6.      6.     19.      1.      0.      0.      6.     15.     13.     67.
 1989      0.      1.     39.    423.   1270.    187.    127.    624.    313.    179.   3162.
 1990      0.      1.      0.      0.     17.      0.      0.      1.     10.      6.     35.
 1991      0.      6.      2.      0.     99.      0.      0.    561.    250.    174.   1091.
 1992      0.      1.      0.      0.    158.      0.      0.     12.     14.     16.    200.
 1993     30.    470.    430.     52.    986.     95.     19.    997.   5439.   3183.  11702.
 1994     32.     22.    193.    582.   1743.    462.    115.   1337.   1761.   1151.   7400.
 1995     32.     37.    527.    666.   5790.   1626.    233.   3281.   4341.   2639.  19172.
 1996    700.     42.    733.    402.   2033.    427.    120.   1102.   1221.    832.   7610.
 1997    700.     33.   1469.   2699.  15139.   6227.    375.   2759.   3426.   2014.  34839.

  AVE     38.     36.    219.    270.   1173.    331.     58.    630.   1031.    641.   4427.
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Table 19
Summary of Results for High Early Release Scenario

     JAMES RIVER WATER CONTROL MANUAL UPDATE
     High Early Release Scenario
     JAMESTOWN TO MOUTH

     SUMMARY OF TOTAL DAMAGES ($1000)

 YEAR    RCH1    RCH2    RCH3    RCH4    RCH5    RCH6    RCH7    RCH8    RCH9   RCH10   TOTAL

 1955      0.     17.      2.      0.      0.      0.      0.     21.     97.     99.    236.
 1956      1.     26.     14.     18.     20.      0.      0.      7.      8.      9.    102.
 1957      0.      1.      1.      0.      0.      0.      1.     24.    113.     94.    234.
 1958    698.      3.      4.     18.    131.      4.      8.     23.     60.     50.    999.
 1959      0.      1.      0.      0.      0.      0.      0.      0.      1.      0.      3.
 1960    700.      3.     70.    246.    201.     10.    132.   1740.   2416.   1559.   7076.
 1961      0.      0.      0.      0.      0.      0.      0.      5.     75.     62.    143.
 1962     12.     63.    787.    190.    739.     34.     88.   2002.   4175.   2682.  10771.
 1963      0.      1.     19.     23.     82.      0.      0.      4.     12.      9.    151.
 1964      1.     21.    833.    292.    492.     22.      1.      7.      7.      6.   1683.
 1965    700.     14.     56.    146.    832.     61.     23.     25.     31.     27.   1915.
 1966    698.     20.    120.    810.   1517.    289.     87.    360.    279.    228.   4409.
 1967    698.     16.     23.     93.    736.     50.     21.    224.    185.    155.   2202.
 1968     29.     24.      3.      1.     24.      0.      0.      5.     15.     11.    111.
 1969    698.     43.   1296.   1143.   5481.   2648.    291.   2164.   2621.   1661.  18046.
 1970      0.      7.      8.     23.    278.     10.      8.     40.    159.    125.    657.
 1971     17.     16.     12.     25.    118.      0.      0.     13.    230.    201.    632.
 1972    698.      4.     23.    620.    848.     54.     71.    958.   1348.    914.   5537.
 1973    133.      2.      1.      3.      0.      0.      0.    228.    363.    299.   1029.
 1974     41.     27.     35.     37.    339.      7.      0.      4.     29.     17.    535.
 1975    698.    471.   1899.    455.   1829.    329.     66.     77.     26.     27.   5877.
 1976    698.      8.     11.     26.    415.     12.      0.      4.      7.      6.   1187.
 1977      0.     13.      0.      0.      0.      0.      0.    626.    181.    166.    985.
 1978    700.     19.    145.    487.   1598.    368.    136.   1106.   1818.   1137.   7513.
 1979    700.     89.    707.    570.   2118.    465.    129.    240.    373.    278.   5668.
 1980    127.      9.      4.     32.    236.      0.      0.      6.      9.      7.    431.
 1981    698.      2.      1.     17.     26.      0.      0.      1.      1.      1.    748.
 1982    698.     18.     77.    595.   1053.    124.     42.     35.    247.    214.   3104.
 1983    698.     33.     40.    247.    686.     50.     14.     22.    944.    336.   3072.
 1984    698.     18.     60.    170.   1122.    160.     48.   2538.   5947.   3355.  14117.
 1985    202.      2.      2.     38.    530.     33.     51.    547.    700.    466.   2571.
 1986      3.     10.    236.    169.   2428.    562.    233.   2553.   3362.   1977.  11533.
 1987    698.     21.     91.    223.   1322.    239.     89.    960.   1855.   1270.   6767.
 1988    588.      6.      4.     23.    126.      0.      0.      7.     17.     14.    786.
 1989      0.      1.     38.    423.   1267.    186.    127.    624.    313.    179.   3157.
 1990      0.      1.      0.      0.     17.      0.      0.      1.     10.      6.     35.
 1991      0.      6.      2.      0.     99.      0.      0.    561.    250.    174.   1091.
 1992      0.      1.      0.      0.    142.      0.      0.     12.     14.     15.    184.
 1993    700.    484.   1561.    178.   1867.    330.     73.    989.   5437.   3182.  14802.
 1994    698.     24.    239.    582.   1729.    462.    115.   1337.   1761.   1151.   8099.
 1995    698.     26.    601.    666.   5313.   1537.    227.   3371.   4370.   2649.  19459.
 1996    698.     71.   1618.    763.   3798.   1111.    189.   1661.   2229.   1465.  13603.
 1997    698.     45.   1647.   2699.  15860.   6553.    383.   2764.   3441.   2023.  36115.

  AVE    368.     39.    286.    280.   1289.    365.     62.    649.   1059.    658.   5055.
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Table 20
Summary of Results for High Spring – Low Summer – High Fall Release Scenario

     JAMES RIVER WATER CONTROL MANUAL UPDATE
      High Spring – Low Summer – High Fall Release Scenario
     JAMESTOWN TO MOUTH

     SUMMARY OF TOTAL DAMAGES ($1000)

 YEAR    RCH1    RCH2    RCH3    RCH4    RCH5    RCH6    RCH7    RCH8    RCH9   RCH10   TOTAL

 1955      0.     17.      2.      0.      0.      0.      0.     21.     97.     99.    236.
 1956      0.     26.     19.     20.     51.      0.      0.      7.      8.      9.    140.
 1957      0.      1.      1.      0.      0.      0.      0.     24.    113.     94.    233.
 1958    698.      1.      5.     25.    235.     16.     10.     26.     77.     65.   1158.
 1959      0.      1.      0.      0.      0.      0.      0.      0.      1.      0.      3.
 1960      4.      4.     32.     96.    345.     14.    132.   1740.   2416.   1560.   6342.
 1961      0.      0.      0.      0.      0.      0.      0.      5.     75.     62.    143.
 1962      0.     62.    787.    190.    739.     34.     88.   2002.   4175.   2682.  10759.
 1963      0.      1.     19.     23.     82.      0.      0.      4.     12.      9.    151.
 1964      0.     20.    833.    292.    501.     23.      1.      7.      7.      6.   1691.
 1965      0.     17.    134.    138.   1030.    106.     41.     39.     50.     42.   1597.
 1966    698.     20.    161.    810.   3051.    886.    153.    649.    493.    335.   7257.
 1967     30.     16.     61.     90.    905.     95.     31.    291.    240.    192.   1949.
 1968      0.     24.      3.      1.     24.      0.      0.      5.     14.     11.     81.
 1969    698.     61.    885.   1143.   5565.   2648.    292.   2164.   2621.   1661.  17738.
 1970      0.      3.      6.     23.    278.      6.      5.     38.    158.    124.    642.
 1971      0.     16.     11.     16.     32.      0.      0.     13.    230.    201.    520.
 1972     30.      5.     23.    579.    902.     66.     76.   1030.   1426.    961.   5099.
 1973      0.      1.      1.      0.      0.      0.      0.    228.    363.    299.    893.
 1974      0.     17.     21.     28.    175.      0.      0.      4.     29.     17.    290.
 1975    698.    462.   1559.    440.   1677.    299.     71.    216.     21.     31.   5475.
 1976      7.      3.     11.     29.    364.     10.      0.      6.     10.      8.    448.
 1977      0.      6.      0.      0.      0.      0.      0.    626.    181.    166.    979.
 1978     18.     19.    225.    470.   1879.    477.    138.   1107.   1818.   1137.   7288.
 1979    698.     72.    986.    609.   2297.    519.    148.    276.    373.    278.   6254.
 1980      1.      9.      4.     23.     62.      0.      0.      4.      6.      5.    114.
 1981    698.      2.      2.     26.    177.      0.      0.      2.      3.      2.    911.
 1982    236.     20.     77.    455.   1197.    169.     57.     48.    294.    247.   2800.
 1983    698.     30.    115.    486.   1827.    468.    127.    330.    847.    542.   5471.
 1984    197.     19.    114.    324.   1607.    366.     96.   2590.   5948.   3355.  14616.
 1985      0.      1.      1.      9.    542.     36.     52.    547.    700.    466.   2353.
 1986      0.     10.    272.    174.   2269.    513.    229.   2551.   3362.   1977.  11358.
 1987    698.     42.    139.    579.   2464.    710.    152.   1027.   1854.   1276.   8943.
 1988     21.      3.      5.      8.      0.      0.      0.      7.     17.     14.     75.
 1989      0.      1.     38.    423.   1267.    186.    127.    624.    313.    179.   3157.
 1990      0.      1.      0.      0.     17.      0.      0.      1.     10.      6.     35.
 1991      0.      6.      2.      0.     99.      0.      0.    561.    250.    174.   1091.
 1992      0.      1.      0.      0.    142.      0.      0.     12.     14.     15.    184.
 1993    698.    560.   1559.    167.   1682.    300.     71.   1046.   5435.   3181.  14700.
 1994    698.     62.    959.    522.   2477.    704.    140.   1368.   1808.   1166.   9904.
 1995    698.     65.   1410.    619.   5018.   1375.    214.   3241.   4324.   2611.  19576.
 1996    700.     63.    939.    545.   2455.    734.    138.   1018.    842.    594.   8030.
 1997    700.     63.   1468.   2633.  17854.   7653.    402.   2807.   3492.   2051.  39123.

  AVE    224.     43.    300.    279.   1425.    428.     70.    658.   1035.    649.   5112.
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Table 21
Summary of Results for Constant Release Scenario

     JAMES RIVER WATER CONTROL MANUAL UPDATE
     Constant Release Scenario
     JAMESTOWN TO MOUTH

     SUMMARY OF TOTAL DAMAGES ($1000)

 YEAR    RCH1    RCH2    RCH3    RCH4    RCH5    RCH6    RCH7    RCH8    RCH9   RCH10   TOTAL

 1955      0.     17.      3.     34.      0.      0.      0.     21.     97.     99.    270.
 1956      0.     23.      7.     12.      0.      0.      0.      7.      8.      9.     66.
 1957      0.      1.      1.      0.      0.      0.      0.     24.    113.     94.    232.
 1958      0.      3.      4.     24.     20.      0.      4.     18.     45.     37.    156.
 1959      0.      1.      0.      0.      0.      0.      0.      0.      1.      0.      2.
 1960      0.      2.     70.    246.    207.     10.    132.   1740.   2416.   1559.   6382.
 1961      0.      0.      0.      0.      0.      0.      0.      5.     75.     62.    143.
 1962      0.     53.    773.    187.    728.     34.     88.   2005.   4177.   2684.  10729.
 1963      0.      1.     19.     23.     82.      0.      0.      4.     11.      9.    150.
 1964      0.     16.    891.    299.    456.     21.      1.      7.      7.      6.   1703.
 1965      0.     13.    100.    219.    823.     59.     23.     25.     31.     27.   1320.
 1966      0.     19.    121.    810.   1475.    288.     87.    360.    279.    228.   3668.
 1967      0.     15.     22.     93.    721.     49.     21.    226.    187.    156.   1490.
 1968      0.     24.      3.      3.     14.      0.      0.      5.     14.     11.     73.
 1969      1.     43.    675.   1143.   5481.   2648.    291.   2164.   2621.   1661.  16728.
 1970      0.      7.     12.     18.    175.      3.      5.     38.    158.    124.    540.
 1971      0.     11.      7.     43.      8.      0.      0.     13.    230.    201.    513.
 1972      0.      6.     23.    620.    856.     55.     71.    958.   1348.    914.   4851.
 1973      0.      2.      1.      4.      0.      0.      0.    228.    363.    299.    897.
 1974      0.     16.     27.     30.      4.      0.      0.      1.     17.      9.    103.
 1975      1.    479.   1458.    413.   1377.    185.     33.     25.     15.     20.   4007.
 1976      0.      7.     10.     22.    162.      0.      0.      2.      5.      4.    212.
 1977      0.      6.      0.      0.      0.      0.      0.    626.    181.    166.    979.
 1978      0.     19.    135.    487.   1437.    300.    136.   1106.   1818.   1137.   6574.
 1979      1.     71.    708.    549.   2111.    454.    129.    203.    373.    278.   4875.
 1980      0.      7.      9.     19.      0.      0.      0.      3.      3.      2.     43.
 1981      0.      3.      1.      1.      0.      0.      0.      0.      0.      1.      5.
 1982      0.     19.     77.    595.    980.     96.     31.     32.    243.    212.   2286.
 1983      0.     31.     40.    247.    665.     37.     10.     20.    947.    337.   2335.
 1984      0.     17.     58.    170.   1013.    113.     34.   2537.   5947.   3355.  13245.
 1985      0.      2.      3.     28.    530.     33.     51.    547.    700.    466.   2359.
 1986      0.     13.    158.    125.   1994.    421.    220.   2521.   3347.   1968.  10768.
 1987      0.     21.     67.    219.   1313.    227.     86.    960.   1855.   1270.   6019.
 1988      0.      6.      3.     19.      0.      0.      0.      6.     15.     13.     62.
 1989      0.      1.     39.    423.   1271.    188.    127.    624.    313.    179.   3163.
 1990      0.      1.      0.      0.     18.      0.      0.      1.     10.      6.     35.
 1991      0.      6.      2.      0.     99.      0.      0.    561.    250.    174.   1091.
 1992      0.      1.      0.      0.    160.      0.      0.     12.     14.     16.    202.
 1993     35.    493.    479.     55.   1023.    107.     22.    995.   5439.   3183.  11832.
 1994     35.     24.    252.    582.   1729.    462.    115.   1337.   1761.   1151.   7449.
 1995     30.     38.    509.    666.   5507.   1532.    226.   3263.   4334.   2627.  18731.
 1996     30.     42.    635.    296.   1831.    368.    101.   1004.   1078.    745.   6130.
 1997     64.     36.   1030.   2699.  15177.   6242.    376.   2759.   3426.   2015.  33824.

  AVE      5.     38.    196.    266.   1150.    324.     56.    628.   1030.    640.   4331.
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Table 22
Summary of Results for Constant Release Scenario

     JAMES RIVER WATER CONTROL MANUAL UPDATE
     NO RELEASES
     JAMESTOWN TO MOUTH

     SUMMARY OF TOTAL DAMAGES ($1000)

 YEAR    RCH1    RCH2    RCH3    RCH4    RCH5    RCH6    RCH7    RCH8    RCH9   RCH10   TOTAL

 1955      0.     16.      3.     37.      0.      0.      0.     21.     97.     99.    273.
 1956      0.     22.     12.     17.      0.      0.      0.      7.      8.      8.     73.
 1957      0.      0.      1.      0.      0.      0.      0.     24.    112.     93.    229.
 1958      0.      1.      3.     24.      0.      0.      3.     17.     44.     36.    127.
 1959      0.      1.      0.      0.      0.      0.      0.      0.      1.      0.      2.
 1960      0.      2.     70.    246.    140.     10.    132.   1740.   2416.   1559.   6315.
 1961      0.      0.      0.      0.      0.      0.      0.      5.     75.     62.    142.
 1962      0.     52.    827.    197.    709.     34.     88.   2000.   4173.   2682.  10761.
 1963      0.      1.     18.     23.     75.      0.      0.      4.     11.      9.    141.
 1964      0.     15.    906.    302.    409.     18.      1.      7.      7.      6.   1670.
 1965      0.      3.    103.    225.    745.     45.     17.     21.     25.     22.   1206.
 1966      0.      4.     43.    810.   1386.    252.     87.    360.    279.    228.   3449.
 1967      0.      2.     14.     93.    549.     39.      9.    163.    137.    123.   1129.
 1968      0.     23.      3.      0.      6.      0.      0.      5.     14.     10.     61.
 1969      0.     43.    422.   1143.   5481.   2648.    291.   2164.   2621.   1661.  16474.
 1970      0.      2.      3.     17.    165.      3.      5.     38.    158.    124.    515.
 1971      0.      6.      7.     51.      0.      0.      0.     13.    230.    201.    509.
 1972      0.      1.     23.    620.    827.     49.     71.    904.   1295.    880.   4671.
 1973      0.      1.      1.      4.      0.      0.      0.    228.    363.    299.    896.
 1974      0.      4.    100.     71.      0.      0.      0.      1.     15.      8.    198.
 1975      0.    258.   2423.    653.    856.     69.     10.      7.      8.     10.   4293.
 1976      0.      1.      5.     20.    162.      0.      0.      2.      5.      4.    200.
 1977      0.      6.      0.      0.      0.      0.      0.    626.    181.    166.    979.
 1978      0.     18.    292.    487.   1409.    292.    136.   1106.   1818.   1137.   6695.
 1979      0.     71.    598.    516.   1949.    402.    113.    164.    373.    278.   4464.
 1980      0.      5.      5.     17.      0.      0.      0.      2.      3.      2.     34.
 1981      0.      1.      3.      1.      0.      0.      0.      0.      0.      0.      5.
 1982      0.      4.     77.    595.    899.     77.     25.     26.    197.    178.   2080.
 1983      0.     23.     44.    247.    487.     25.      5.     16.    722.    241.   1811.
 1984      0.      3.     36.    170.    944.     97.     29.   2419.   5923.   3354.  12975.
 1985      0.      1.      1.     28.    530.     33.     51.    547.    700.    466.   2356.
 1986      0.      9.    111.    103.   1931.    400.    218.   2514.   3344.   1967.  10596.
 1987      0.      5.     48.    179.   1160.    166.     73.    960.   1855.   1270.   5716.
 1988      0.      5.      8.     19.      0.      0.      0.      5.     14.     12.     62.
 1989      0.      1.     38.    423.   1267.    186.    127.    624.    313.    179.   3157.
 1990      0.      1.      0.      0.     17.      0.      0.      1.     10.      6.     34.
 1991      0.      6.      2.      0.     99.      0.      0.    561.    250.    174.   1091.
 1992      0.      0.      0.      3.    142.      0.      0.     11.     14.     15.    185.
 1993      0.    329.     64.     24.    746.     55.     10.    932.   5429.   3178.  10767.
 1994      0.     19.     31.    582.   1729.    462.    115.   1337.   1761.   1151.   7188.
 1995      0.     20.    262.    666.   4513.   1212.    202.   3215.   4313.   2608.  17011.
 1996      0.     33.    125.    191.   1503.    293.     78.    582.    640.    463.   3908.
 1997      0.     69.    548.   2699.  14870.   6119.    371.   2757.   3419.   2011.  32862.

  AVE      0.     25.    169.    267.   1063.    302.     53.    608.   1009.    627.   4123.
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Table 23
Summary of Results for Constant Release Scenario

     JAMES RIVER WATER CONTROL MANUAL UPDATE
     NATURAL FLOWS
     JAMESTOWN TO MOUTH

     SUMMARY OF TOTAL DAMAGES ($1000)

 YEAR    RCH1    RCH2    RCH3    RCH4    RCH5    RCH6    RCH7    RCH8    RCH9   RCH10   TOTAL

 1955      8.     17.      2.     14.      2.      0.      0.     21.     97.     99.    260.
 1956    128.     39.     23.     24.     52.      0.      0.      7.      8.      9.    291.
 1957      0.      4.      1.      0.      0.      0.      0.     24.    113.     94.    236.
 1958    114.     15.      6.     20.    111.      3.     13.     25.     71.     60.    438.
 1959      0.      9.      3.      0.      0.      0.      0.      0.      1.      0.     14.
 1960    582.     16.     43.    110.    574.     32.    132.   1740.   2416.   1560.   7205.
 1961      0.      8.      4.      0.      0.      0.      0.      5.     76.     63.    156.
 1962    228.    274.    750.    183.    756.     34.     88.   2004.   4185.   2683.  11185.
 1963      1.     16.     22.     26.    103.      0.      0.      5.     13.     10.    195.
 1964     23.     25.    749.    277.    589.     29.      2.      8.      8.      7.   1716.
 1965    635.     20.    238.    230.   1228.    175.     58.     50.     64.     53.   2752.
 1966   4084.     20.    225.    963.   4154.   1322.    183.   1159.    929.    586.  13624.
 1967    242.     27.    138.    134.   1135.    142.     45.    187.    153.    135.   2337.
 1968      0.     26.      4.      5.     57.      0.      0.      5.     15.     11.    123.
 1969  19609.    867.   1036.   3444.  14559.   5158.    382.   2501.   3073.   1821.  52448.
 1970     11.     19.      7.     26.    302.     12.      6.     40.    163.    128.    714.
 1971     16.     17.     15.     33.    204.      0.      0.     14.    230.    201.    731.
 1972     44.      8.     24.    519.    964.     86.     72.   1040.   1437.    967.   5161.
 1973      1.      3.      2.      0.      0.      0.      0.    228.    363.    299.    897.
 1974    718.     40.    118.    306.    678.     34.      4.      6.     29.     17.   1948.
 1975   8736.   1334.   2403.    731.   3445.    878.    174.    521.    306.    234.  18763.
 1976     10.     14.     10.     36.    477.     19.      1.      7.     12.      9.    595.
 1977      5.     16.      2.      0.      0.      0.      0.    625.    180.    166.    994.
 1978     36.     20.    226.    441.   2010.    522.    141.   1106.   1818.   1137.   7459.
 1979   5840.    192.   1821.   1391.   5908.   1705.    238.   1501.   1107.    728.  20429.
 1980      1.     11.      3.     23.     55.      0.      0.      4.      6.      4.    107.
 1981      1.      4.      2.      6.      0.      0.      0.      1.      1.      0.     14.
 1982    340.     18.    235.    407.   1881.    398.    109.    200.    454.    361.   4401.
 1983   3131.     35.     65.    591.   2271.    660.    135.    504.    949.    627.   8966.
 1984    137.     16.    200.    338.   1654.    385.    101.   2503.   5947.   3355.  14637.
 1985      0.      5.      1.     12.    555.     39.     53.    552.    704.    471.   2393.
 1986     19.     10.    246.    164.   2416.    561.    233.   2554.   3365.   1979.  11548.
 1987   5523.     40.    453.   1104.   4829.   1522.    222.   1344.   1856.   1273.  18165.
 1988      0.      5.      2.      8.      1.      0.      0.      7.     17.     15.     54.
 1989      0.      3.     42.    413.   1302.    217.    127.    642.    323.    184.   3253.
 1990      0.      4.      3.      0.     13.      0.      0.      1.     10.      6.     38.
 1991      0.      5.      2.      0.    108.      0.      0.    567.    250.    175.   1107.
 1992      0.      2.      0.      0.    139.      0.      0.     11.     13.     15.    181.
 1993  12780.   2172.   2920.    359.   3284.    685.    108.   1148.   5459.   3190.  32105.
 1994   8840.     29.    290.    926.   4056.   1258.    187.   1486.   1765.   1153.  19990.
 1995   8787.    114.   1143.   1158.   5977.   2005.    224.   3285.   4339.   2632.  29664.
 1996  10824.    170.    918.   2055.   9155.   3008.    297.   2199.   2667.   1566.  32858.
 1997  36105.    314.   2463.   6964.  37163.  13062.    599.   3163.   3790.   2293. 105917.

  AVE   2967.    140.    392.    545.   2608.    790.     91.    767.   1135.    706.  10141.
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Table 24
Summary of Differences in Damages Between

Variable Release Scenario and Existing Release Scenario

     SUMMARY OF DIFFERENCES IN TOTAL DAMAGES ($1000)
     BETWEEN SCENARIO AND EXISTING CONDITIONS

     (POSITIVE VALUES ARE REDUCTIONS IN DAMAGES
      NEGATIVE VALUES ARE INCREASES IN DAMAGES)

 YEAR    RCH1    RCH2    RCH3    RCH4    RCH5    RCH6    RCH7    RCH8    RCH9    RCH10  TOTAL

 1955      0.      0.     -1.    -34.      0.      0.      0.      0.      0.      0.    -35.
 1956      1.      2.      7.      5.     19.      0.      0.      0.     -1.      0.     33.
 1957      0.      1.      0.      0.      0.      0.      0.      0.      1.      0.      2.
 1958      3.     -2.      1.     -7.    126.      8.     11.      8.     20.     17.    185.
 1959      0.      0.      0.      0.      0.      0.      0.      0.      0.      0.      0.
 1960      3.      1.    -15.   -118.    441.     28.      0.      0.      0.      0.    340.
 1961      0.      0.      0.      0.      0.      0.      0.      0.      0.      0.      0.
 1962      0.     10.     18.      4.     16.      0.      0.     -2.     -1.     -2.     43.
 1963      0.      0.      0.      0.      1.      0.      0.      0.      1.      0.      2.
 1964      1.      5.    -57.     -8.     39.      1.      0.      0.      0.      0.    -19.
 1965      3.      3.    102.    -43.    357.     88.     34.     27.     34.     29.    634.
 1966    -20.      3.     53.      0.    200.     55.      9.      0.      0.      0.    300.
 1967      3.     -9.     91.     29.    334.     86.     24.    -21.    -16.    -10.    511.
 1968      0.      0.      0.     -1.     11.      0.      0.      0.      0.      0.     10.
 1969      0.      4.      0.      0.     57.      0.      1.      0.      0.      0.     62.
 1970      0.     -5.     -4.      5.    101.      4.      0.      0.      0.      0.    101.
 1971      1.      3.      5.    -21.     91.      0.      0.      0.      0.      0.     79.
 1972      3.      0.      0.    -40.    132.     33.      0.     76.     82.     49.    335.
 1973      0.     -1.      0.     -4.      0.      0.      0.      0.      0.      0.     -5.
 1974      3.      3.    -15.     -4.    172.      0.      0.      3.     12.      8.    182.
 1975    -20.    150.   -321.   -125.    126.     44.      9.     13.     -1.      4.   -121.
 1976      1.     -4.     -5.     11.    228.     12.      0.      4.      6.      4.    257.
 1977      0.      0.      0.      0.      0.      0.      0.      0.      0.      0.      0.
 1978      3.      0.     78.    -17.    343.    130.      0.      0.      0.      0.    537.
 1979    -20.      0.    211.    112.    442.    146.     33.    144.      0.      0.   1068.
 1980      0.      1.     -2.      4.     62.      0.      0.      1.      3.      3.     72.
 1981      0.     -1.      2.      4.      0.      0.      0.      0.      1.     -1.      5.
 1982      3.      1.     55.   -122.    375.    119.     35.     35.    115.     78.    694.
 1983    -20.      7.      6.    -94.   -247.    -50.    -14.      0.    191.     84.   -137.
 1984      3.      1.    122.     81.    375.    134.     34.    139.      2.      1.    892.
 1985      0.     -3.     -3.    -18.     12.      3.      1.      0.      0.      1.     -7.
 1986      3.     -2.     85.     46.    433.    141.     12.     31.     15.      8.    772.
 1987      0.      3.    -33.     49.     32.     48.     19.     11.      1.      3.    133.
 1988      0.     -3.      0.    -10.      0.      0.      0.      1.      2.      1.     -9.
 1989      0.      0.     -1.      0.     -3.     -1.      0.      0.      0.      0.     -5.
 1990      0.      0.      0.      0.      0.      0.      0.      0.      0.      0.      0.
 1991      0.      0.      0.      0.      0.      0.      0.      0.      0.      0.      0.
 1992      0.      0.      0.      0.    -16.      0.      0.      0.      0.      0.    -16.
 1993      4.      7.     13.      2.     14.      3.      1.     -8.     -2.      0.     34.
 1994     -3.      5.     12.    -18.     81.     31.      3.      1.      3.      0.    115.
 1995     -9.     -5.      0.    -31.      0.      0.      0.      0.      0.      0.    -45.
 1996   -677.      0.    -30.     -5.    -96.    -21.     -7.     -8.    -49.      0.   -893.
 1997      0.     -3.      0.    -66.     84.     47.      1.      3.      3.      0.     69.

  TOT   -731.    172.    374.   -434.   4342.   1089.    206.    458.    422.    277.   6175.
  AVE    -17.      4.      9.    -10.    101.     25.      5.     11.     10.      6.    144.
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Table 25
Summary of Differences in Damages Between

High Early Release Scenario and Existing Release Scenario

     SUMMARY OF DIFFERENCES IN TOTAL DAMAGES ($1000)
     BETWEEN SCENARIO AND EXISTING CONDITIONS

     (POSITIVE VALUES ARE REDUCTIONS IN DAMAGES
      NEGATIVE VALUES ARE INCREASES IN DAMAGES)

 YEAR    RCH1    RCH2    RCH3    RCH4    RCH5    RCH6    RCH7    RCH8    RCH9    RCH10  TOTAL

 1955      0.      0.      0.      0.      0.      0.      0.      0.      0.      0.      0.
 1956      0.     -1.      1.     -1.     -1.      0.      0.      0.      0.      0.     -2.
 1957      0.      0.      0.      0.      0.      0.     -1.      0.      0.      0.     -1.
 1958   -695.     -2.      1.     -1.     17.      4.      7.      3.      5.      4.   -657.
 1959      0.      0.      0.      0.      0.      0.      0.      0.      0.      0.      0.
 1960   -697.      1.    -15.   -118.    448.     28.      0.      0.      0.      0.   -353.
 1961      0.      0.      0.      0.      0.      0.      0.      0.      0.      0.      0.
 1962    -12.      0.      1.      0.      1.      0.      0.      0.      0.      0.    -10.
 1963      0.      0.      0.      0.      0.      0.      0.      0.      0.      0.      0.
 1964      0.      0.      3.      0.      0.      0.      0.      0.      0.      0.      3.
 1965   -697.      2.    146.     30.    352.     87.     34.     26.     34.     28.     42.
 1966   -695.      2.     76.      0.    228.     98.     12.      0.      0.      0.   -279.
 1967   -695.    -10.     90.     29.    316.     85.     22.    -27.    -21.    -13.   -224.
 1968    -29.      0.      0.      0.     -1.      0.      0.      0.     -1.      0.    -31.
 1969   -675.      4.   -375.      0.     57.      0.      1.      0.      0.      0.   -988.
 1970      0.     -5.     -2.      0.     -4.     -3.     -3.     -2.     -1.     -1.    -21.
 1971    -16.      0.     -1.     -2.    -24.      0.      0.      0.      0.      0.    -43.
 1972   -695.      1.      0.    -40.    135.     33.      0.     74.     80.     48.   -364.
 1973   -133.     -1.      0.     -3.      0.      0.      0.      0.      0.      0.   -137.
 1974    -38.    -10.    -21.    -10.   -166.     -7.      0.      0.      0.      0.   -252.
 1975   -695.    117.   -569.   -116.   -411.   -125.    -28.    -47.     -8.     -5.  -1887.
 1976   -697.     -5.      0.      7.    -24.      0.      0.      2.      4.      2.   -711.
 1977      0.     -7.      0.      0.      0.      0.      0.      0.      0.      0.     -7.
 1978   -697.      0.     78.    -17.    181.     62.      0.      0.      0.      0.   -393.
 1979   -697.    -18.    198.     86.    414.    128.     31.    101.      0.      0.    243.
 1980   -127.     -1.      0.     -9.   -172.      0.      0.     -2.     -3.     -2.   -316.
 1981   -698.     -1.      1.    -12.    -26.      0.      0.     -1.      0.     -1.   -738.
 1982   -695.      1.     55.   -122.    296.     89.     24.     32.    107.     73.   -140.
 1983   -695.      3.     24.    -94.    171.     41.     20.     20.    128.     57.   -325.
 1984   -695.     -1.    117.     81.    255.     86.     20.    126.      2.      1.     -8.
 1985   -202.     -1.     -1.    -28.     12.      3.      1.      0.      0.      1.   -215.
 1986      0.      0.      1.     -1.     -6.     -2.     -1.     -1.      0.      0.    -10.
 1987   -675.      2.     12.     86.    238.     91.     24.     11.      1.      3.   -207.
 1988   -588.     -3.      2.    -14.   -125.      0.      0.      0.      0.      0.   -728.
 1989      0.      0.      0.      0.      0.      0.      0.      0.      0.      0.      0.
 1990      0.      0.      0.      0.      0.      0.      0.      0.      0.      0.      0.
 1991      0.      0.      0.      0.      0.      0.      0.      0.      0.      0.      0.
 1992      0.      0.      0.      0.      0.      0.      0.      0.      0.      0.      0.
 1993   -666.     -7.  -1118.   -124.   -867.   -232.    -53.      0.      0.      0.  -3067.
 1994   -669.      3.    -34.    -18.     95.     31.      3.      1.      3.      0.   -585.
 1995   -675.      6.    -74.    -31.    477.     89.      6.    -90.    -29.      0.   -321.
 1996   -675.    -29.   -915.   -366.  -1861.   -705.    -76.   -567.  -1057.      0.  -6251.
 1997      2.    -15.   -178.    -66.   -637.   -279.     -7.     -2.    -12.      0.  -1194.

  TOT -14921.     25.  -2497.   -874.   -632.   -398.     36.   -343.   -768.    195. -20177.
  AVE   -347.      1.    -58.    -20.    -15.     -9.      1.     -8.    -18.      5.   -469.
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Table 26
Summary of Differences in Damages Between

High Spring – Low Summer – High Fall Release Scenario and Existing Release Scenario

     SUMMARY OF DIFFERENCES IN TOTAL DAMAGES ($1000)
     BETWEEN SCENARIO AND EXISTING CONDITIONS

     (POSITIVE VALUES ARE REDUCTIONS IN DAMAGES
      NEGATIVE VALUES ARE INCREASES IN DAMAGES)

 YEAR    RCH1    RCH2    RCH3    RCH4    RCH5    RCH6    RCH7    RCH8    RCH9    RCH10  TOTAL

 1955      0.      0.      0.      0.      0.      0.      0.      0.      0.      0.      0.
 1956      1.     -1.     -4.     -3.    -32.      0.      0.      0.      0.      0.    -39.
 1957      0.      0.      0.      0.      0.      0.      0.      0.      0.      0.      0.
 1958   -695.      0.      0.     -8.    -87.     -8.      5.      0.    -12.    -11.   -816.
 1959      0.      0.      0.      0.      0.      0.      0.      0.      0.      0.      0.
 1960     -1.      0.     23.     32.    304.     24.      0.      0.      0.     -1.    381.
 1961      0.      0.      0.      0.      0.      0.      0.      0.      0.      0.      0.
 1962      0.      1.      1.      0.      1.      0.      0.      0.      0.      0.      3.
 1963      0.      0.      0.      0.      0.      0.      0.      0.      0.      0.      0.
 1964      1.      1.      3.      0.     -9.     -1.      0.      0.      0.      0.     -5.
 1965      3.     -1.     68.     38.    154.     42.     16.     12.     15.     13.    360.
 1966   -695.      2.     35.      0.  -1306.   -499.    -54.   -289.   -214.   -107.  -3127.
 1967    -27.    -10.     52.     32.    147.     40.     12.    -94.    -76.    -50.     26.
 1968      0.      0.      0.      0.     -1.      0.      0.      0.      0.      0.     -1.
 1969   -675.    -14.     36.      0.    -27.      0.      0.      0.      0.      0.   -680.
 1970      0.     -1.      0.      0.     -4.      1.      0.      0.      0.      0.     -4.
 1971      1.      0.      0.      7.     62.      0.      0.      0.      0.      0.     70.
 1972    -27.      0.      0.      1.     81.     21.     -5.      2.      2.      1.     76.
 1973      0.      0.      0.      0.      0.      0.      0.      0.      0.      0.      0.
 1974      3.      0.     -7.     -1.     -2.      0.      0.      0.      0.      0.     -7.
 1975   -695.    126.   -229.   -101.   -259.    -95.    -33.   -186.     -3.     -9.  -1484.
 1976     -6.      0.      0.      4.     27.      2.      0.      0.      1.      0.     28.
 1977      0.      0.      0.      0.      0.      0.      0.      0.      0.      0.      0.
 1978    -15.      0.     -2.      0.   -100.    -47.     -2.     -1.      0.      0.   -167.
 1979   -695.     -1.    -81.     47.    235.     74.     12.     65.      0.      0.   -344.
 1980     -1.     -1.      0.      0.      2.      0.      0.      0.      0.      0.      0.
 1981   -698.     -1.      0.    -21.   -177.      0.      0.     -2.     -2.     -2.   -903.
 1982   -233.     -1.     55.     18.    152.     44.      9.     19.     60.     40.    163.
 1983   -695.      6.    -51.   -333.   -970.   -377.    -93.   -288.    225.   -149.  -2725.
 1984   -194.     -2.     63.    -73.   -230.   -120.    -28.     74.      1.      1.   -508.
 1985      0.      0.      0.      1.      0.      0.      0.      0.      0.      1.      2.
 1986      3.      0.    -35.     -6.    153.     47.      3.      1.      0.      0.    166.
 1987   -675.    -19.    -36.   -270.   -904.   -380.    -39.    -56.      2.     -3.  -2380.
 1988    -21.      0.      1.      1.      1.      0.      0.      0.      0.      0.    -18.
 1989      0.      0.      0.      0.      0.      0.      0.      0.      0.      0.      0.
 1990      0.      0.      0.      0.      0.      0.      0.      0.      0.      0.      0.
 1991      0.      0.      0.      0.      0.      0.      0.      0.      0.      0.      0.
 1992      0.      0.      0.      0.      0.      0.      0.      0.      0.      0.      0.
 1993   -664.    -83.  -1116.   -113.   -682.   -202.    -51.    -57.      2.      0.  -2966.
 1994   -669.    -35.   -754.     42.   -653.   -211.    -22.    -30.    -44.      0.  -2376.
 1995   -675.    -33.   -883.     16.    772.    251.     19.     40.     17.      0.   -476.
 1996   -677.    -21.   -236.   -148.   -518.   -328.    -25.     76.    330.      0.  -1547.
 1997      0.    -33.      1.      0.  -2631.  -1379.    -26.    -45.    -63.      0.  -4176.

  TOT  -8721.   -121.  -3096.   -838.  -6501.  -3101.   -302.   -759.    241.   -276. -23474.
  AVE   -203.     -3.    -72.    -19.   -151.    -72.     -7.    -18.      6.     -6.   -546.



APPENDIX A – HYDROLOGY

A-56

Table 27
Summary of Differences in Damages Between

Constant Release Scenario and Existing Release Scenario

     SUMMARY OF DIFFERENCES IN TOTAL DAMAGES ($1000)
     BETWEEN SCENARIO AND EXISTING CONDITIONS

     (POSITIVE VALUES ARE REDUCTIONS IN DAMAGES
      NEGATIVE VALUES ARE INCREASES IN DAMAGES)

 YEAR    RCH1    RCH2    RCH3    RCH4    RCH5    RCH6    RCH7    RCH8    RCH9    RCH10  TOTAL

 1955      0.      0.     -1.    -34.      0.      0.      0.      0.      0.      0.    -35.
 1956      1.      2.      8.      5.     19.      0.      0.      0.      0.      0.     35.
 1957      0.      0.      0.      0.      0.      0.      0.      0.      0.      0.      0.
 1958      3.     -2.      1.     -7.    128.      8.     11.      8.     20.     17.    187.
 1959      0.      0.      0.      0.      0.      0.      0.      0.      0.      0.      0.
 1960      3.      2.    -15.   -118.    442.     28.      0.      0.      0.      0.    342.
 1961      0.      0.      0.      0.      0.      0.      0.      0.      0.      0.      0.
 1962      0.     10.     15.      3.     12.      0.      0.     -3.     -2.     -2.     33.
 1963      0.      0.      0.      0.      0.      0.      0.      0.      1.      0.      1.
 1964      1.      5.    -55.     -7.     36.      1.      0.      0.      0.      0.    -19.
 1965      3.      3.    102.    -43.    361.     89.     34.     26.     34.     28.    637.
 1966      3.      3.     75.      0.    270.     99.     12.      0.      0.      0.    462.
 1967      3.     -9.     91.     29.    331.     86.     22.    -29.    -23.    -14.    487.
 1968      0.      0.      0.     -2.      9.      0.      0.      0.      0.      0.      7.
 1969     22.      4.    246.      0.     57.      0.      1.      0.      0.      0.    330.
 1970      0.     -5.     -6.      5.     99.      4.      0.      0.      0.      0.     97.
 1971      1.      5.      4.    -20.     86.      0.      0.      0.      0.      0.     76.
 1972      3.     -1.      0.    -40.    127.     32.      0.     74.     80.     48.    323.
 1973      0.     -1.      0.     -4.      0.      0.      0.      0.      0.      0.     -5.
 1974      3.      1.    -13.     -3.    169.      0.      0.      3.     12.      8.    180.
 1975      2.    109.   -128.    -74.     41.     19.      5.      5.      3.      2.    -16.
 1976      1.     -4.      1.     11.    229.     12.      0.      4.      6.      4.    264.
 1977      0.      0.      0.      0.      0.      0.      0.      0.      0.      0.      0.
 1978      3.      0.     88.    -17.    342.    130.      0.      0.      0.      0.    546.
 1979      2.      0.    197.    107.    421.    139.     31.    138.      0.      0.   1035.
 1980      0.      1.     -5.      4.     64.      0.      0.      1.      3.      3.     71.
 1981      0.     -2.      1.      4.      0.      0.      0.      0.      1.     -1.      3.
 1982      3.      0.     55.   -122.    369.    117.     35.     35.    111.     75.    678.
 1983      3.      5.     24.    -94.    192.     54.     24.     22.    125.     56.    411.
 1984      3.      0.    119.     81.    364.    133.     34.    127.      2.      1.    864.
 1985      0.     -1.     -2.    -18.     12.      3.      1.      0.      0.      1.     -4.
 1986      3.     -3.     79.     43.    428.    139.     12.     31.     15.      9.    756.
 1987     23.      2.     36.     90.    247.    103.     27.     11.      1.      3.    543.
 1988      0.     -3.      3.    -10.      1.      0.      0.      1.      2.      1.     -5.
 1989      0.      0.     -1.      0.     -4.     -2.      0.      0.      0.      0.     -7.
 1990      0.      0.      0.      0.     -1.      0.      0.      0.      0.      0.     -1.
 1991      0.      0.      0.      0.      0.      0.      0.      0.      0.      0.      0.
 1992      0.      0.      0.      0.    -18.      0.      0.      0.      0.      0.    -18.
 1993     -1.    -16.    -36.     -1.    -23.     -9.     -2.     -6.     -2.      0.    -96.
 1994     -6.      3.    -47.    -18.     95.     31.      3.      1.      3.      0.     65.
 1995     -7.     -6.     18.    -31.    283.     94.      7.     18.      7.      0.    383.
 1996     -7.      0.     68.    101.    106.     38.     12.     90.     94.      0.    502.
 1997    636.     -6.    439.    -66.     46.     32.      0.      3.      3.      0.   1087.

  TOT    704.     96.   1361.   -246.   5340.   1380.    269.    560.    496.    239.  10199.
  AVE     16.      2.     32.     -6.    124.     32.      6.     13.     12.      6.    237.
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For determining urban, agricultural, and infrastructure damage, values of economic
variables included as inputs to the AFDAM model were determined for the three
reaches in North Dakota and the seven reaches in South Dakota.  Values of these
variables in the AFDAM model are presented in the Hydrology Appendix.  The ten
reaches are identified below.

Reach 1 - Jamestown, ND Reach 6 - Stratford to Ashton, SD
Reach 2 - Jamestown to LaMoure, ND Reach 7 - Ashton to Redfield, SD
Reach 3 - LaMoure, ND to ND-SD State Line Reach 8 - Redfield to Forestburg, SD
Reach 4 - State Line to Columbia, SD Reach 9 - Forestburg to Scotland, SD
Reach 5 - Columbia to Stratford, SD Reach 10 - Scotland to Yankton, SD

1.1   URBAN DAMAGE

Urban damage is confined to Reach 1, the City of Jamestown.  It consists of damage to
structures and contents; appurtenant structures and items stored externally to the
structure; public facilities, including utilities and transportation; and emergency,
evacuation, and cleanup costs.

1.1.1 Land Use Surveys.  A land use survey was conducted in the natural James River
flood plain within the City of Jamestown and the immediate vicinity, in a river reach
approximately 7 miles long.  This land use data includes all land uses which would be
subject to flooding if the Jamestown Dam and Reservoir were not in place.  The area
surveyed was divided into three subareas.  Subarea 1 is the right bank flood plain, from
Jamestown Dam downstream to the Burlington Northern Rail Road (BNRR) tracks. 
Subarea 2 is the right bank flood plain from the BNRR tracks to the bluff line at a point
across the James River from McElroy Park.  Subarea 3 is the left bank flood plain
between Jamestown Dam and the Interstate 90 bridge located southeast of the city. 
For purposes of identifying the right and left banks, the cutoff located south of
Jamestown was considered to be the river channel.  This land use data was updated by
a windshield and pedestrian survey in September 1993, and data for land uses
believed to be within the 500-year flood plain was further updated by a windshield and
pedestrian survey in May 1998.  The type, use, condition and age, size, and first floor
elevation of each structure, the ground elevation adjacent to the structure, and the
stationing of the structure along the James River were recorded.  Ground elevations
were estimated by interpolation using topographic mapping with spot elevations;
mapping used in 1998 had a 1:1200 scale and 1-foot contour intervals, and mapping
used in 1993 and earlier had a 1:24,000 scale and 5-foot contour intervals.  Main floor
elevations were estimated to the nearest 0.5 foot using a hand level.

1.1.2 Damage to Structures and Contents.  Approximately 95 percent of the structures
inventoried were residential, encompassing a variety of structure types, including
mobile homes and apartments.  The remaining 5 percent of the structures were used
for commercial or industrial purposes.  Structure values were determined based on the
depreciated replacement value at July 1998 price levels, using RS Means Square Foot
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Costs.  The value of contents was estimated to equal 50 percent of the value of
residential structures.  The content value constituted a varying percentage of the value
of nonresidential structures, based on the current land use activity and the results of
past surveys regarding content and structure values for different nonresidential land
uses.  The Omaha District flood damage model was used to estimate potential flood
damages for various James River flow levels through the City of Jamestown.  The
model uses the stationing, water surface elevation, and first floor elevation to estimate
the depth of flooding for each structure.  Each type of land use activity has its own
depth-damage curves which indicate flood damages at different flood depths as a
percentage of structure value and a percentage of content value.  The model uses the
calculated depths, the depth-damage curve, and structure and content values to
determine flood damage to structures and contents.  The computation of flood damages
for this analysis used the NEWARK4 flood damage model and the SIMUL set of depth-
damage curves for structures and contents.  The depth-damage curves used in the
Jamestown flood damage analysis are provided as Table S-1.

1.1.3 Damage to Urban Infrastructure and Appurtenant Uses.  Additional losses and
expenditures result from the impact of flooding on community infrastructure, such as
streets, bridges, sanitary and storm sewers, and utilities; damage to appurtenant uses,
such as detached residential garages, storage sheds, landscaping, and parked
vehicles; the cost of emergency services, including evacuation costs; and cleanup
costs.  Based on prior flood damage surveys, these additional flood damages were
estimated to comprise 15 percent of the flood damages to structures and contents
estimated by the model.  The flood damages to structures, contents, infrastructure, and
appurtenant uses resulting from various James River discharges, as computed by the
Omaha District model, are presented in Table S-2.  This discharge-damage data was
used in determining the total urban damages for each flow level in Reach 1 of the
AFDAM model.

1.1.4 Basement Seepage Damage.  Damages resulting from basement seepage due
to high James River releases, such as occurred in the spring of 1997, could not be
computed using the Omaha District model because it is based on overbank flooding. 
Basement seepage damages were, however, included in the total urban damages for
each flow level in Reach 1 of the AFDAM model.  Seepage damages occurring at
various James River flows at the Jamestown gage were determined based on results of
a survey prepared by the City of Jamestown engineering staff.  The survey was
conducted house-to-house in areas which were determined by the City engineering
staff to have the potential for basement seepage by students from Jamestown College
in the fall of 1997.  The survey results were tabulated by Corps personnel.  The final
damage curve was coordinated with the city engineering staff to take into account
basement damage to apartment buildings, which were not included in the survey; the
19 percent of homes in the surveyed area for which there was no response; and the
effect of high James River flows in reducing the efficiency of the storm sewer system in
certain areas of Jamestown.  The final basement seepage damage curve is presented
as Table S-3.
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1.2   INFRASTRUCTURE DAMAGE

Infrastructure damage includes debris cleanup; repair to roads, bridges, culverts, and
irrigation systems; damage to farm storage buildings and their contents, including
machinery; livestock losses; and erosion repair.  For Reach 1, the infrastructure
damage was included in urban damages.  For Reaches 2 through 10, the infrastructure
damage was determined as a percentage of the total crop damages.  This percentage
was based on a land use survey conducted in Reaches 4 through 7 in July 1988; Corps
flood damage surveys in the James River basin; Soil Conservation Service (now
Natural Resources Conservation Service, or NRCS) watershed studies in the James
River basin; information provided by the State of South Dakota in a 1986 flood damage
report covering eastern South Dakota; and observations by Corps staff.  Infrastructure
damages as percentages of crop damages at each James River flow level are shown
for the ten reaches in the AFDAM model input tables in the Hydrology Appendix.    

1.3   CROP DAMAGE

1.3.1 Major Crops Affected.  Five major crops were determined for each state based
on information from county extension agents regarding the percentage of each crop in
James River bottomlands.  The major crops for North Dakota were corn, soybeans/dry
edible beans, sunflowers, spring wheat, and pasture/hay.  The major crops for South
Dakota were corn, soybeans, spring wheat, winter wheat, and pasture/hay.  The
damage to each crop in each reach was determined by the AFDAM model based on
value per acre; flooded acres planted to that crop; and the percentage of crop value
lost based on time of flooding, duration of flooding, and length of the field recovery
period.  Total crop damage in each reach was the sum of damages to the five individual
crops.

1.3.2 Value Per Acre.  For each crop, the value per acre was found by multiplying the
1997 normalized crop price for North Dakota or for South Dakota by the average yield
per acre.  The normalized crop price is a 5-year moving average designed to minimize
short-run distortions in prices and is required by regulations.  County extension agents
and NRCS staff estimated the average normal yield and late-plant yield per acre for
each major crop for nonflooded James River bottomland.  They provided yields for
irrigated and nonirrigated corn and the percentage of bottomland corn that was
irrigated, so corn yields could be weighted.  For North Dakota, soybean and dry edible
bean values per acre were averaged.  For multicounty reaches, the crop data for each
county was prorated based on its proportion of the James River flood plain length in
that reach, as measured from USGS topographic maps.  Flood plain lengths in wildlife
refuges were weighted lower than lengths in agricultural areas.  Yields in Spink County
differed greatly because the James River bottomland soils upstream from Ashton have
a higher clay and salt content, which reduces crop yields, but greater subirrigation,
which increases hay yields, compared to James River bottomland soils downstream
from Ashton.  This county data for the major crops is presented in Table S-4.
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The following local agricultural experts provided information on the percentage of each
crop grown in James River bottomlands, planting and harvesting dates, yields, crop
mortality based on duration of flooding, and/or field recovery periods.

Dickey County, ND Dwight Boucher, District Conservationist, NRCS
Eugene Elhard, County Extension Agent

LaMoure County, ND Ken Hall, District Conservationist, NRCS
Al Ulmer, County Extension Agent

Stutsman County, ND Jim Clapper, District Conservationist, NRCS
Thomas Olson, County Extension Agent

Beadle County, SD Royce Scheneman, County Extension Agent
Brenda Sievers, County Weed Supervisor

Brown County, SD Gary Erickson, County Extension Agent
Davison County, SD Ray Gosmire, County Extension Agent
Hanson County, SD Ray Gosmire, Davison County Extension Agent
Hutchinson County, SD Noelle Stowell, County Extension Agent
Sanborn County, SD Scott Kilber, County Extension Agent
Spink County, SD Jim Miller, Spink County Soil Survey Office, NRCS

Mark Rosenberg, County Extension Agent
Yankton County, SD Craig Anthony, County Extension Agent

Valerie Scherschligt, Farm Services Agency

1.3.3 Percentage of Area Flooded Occupied by Each Crop.  Total acres flooded and
acres flooded for each crop were determined for flows of 200 cfs, 500 cfs, 1000 cfs,
2000 cfs, 3000 cfs, 4000 cfs, 5000 cfs, and 6000 cfs.  The percent of total acres
flooded for each crop were determined for each flow level and each reach for input to
the AFDAM model.  These percentages for the ten reaches are shown in the AFDAM
model input tables in the Hydrology Appendix. 

For Reaches 2 and 3, July 1988 color infrared aerial imagery with a scale of 1 inch to
2000 feet were used to determine land uses along the same cross-sections used for
the hydrologic and hydraulic portions of the AFDAM model.  For each reach and flow
level, Corps hydraulic engineers determined the flooded width of each cross-section
and the total acres flooded between cross-sections.  The percentage that each crop
comprised of the flooded cross-section length was multiplied by the acres flooded
between that cross-section and the next cross-section downstream to determine acres
flooded by each crop in a subreach.  For each crop, the subreach acres flooded were
totaled and expressed as a percentage of total acres flooded for that reach and flow
level.  An example of a spreadsheet used for this calculation is provided as Table S-5. 
Land use categories were urban uses, streambed, woodland, pasture, and cropland. 
The cropland flooded was apportioned to the four major nonpasture crops based on
their relative percentages in the James River bottomlands in that reach, as estimated
by county extension agents.  For each county in Reaches 2 and 3, Table S-4 shows the
percentage that each major crop comprised of all nonpasture crops in the James River
bottomlands and the proportion of each reach in that county.
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For Reaches 4 through 7, an on-site land use survey in July 1988 sampled 20 percent
of the potentially flooded lands, and a graph of crop area in percent vs. flooded area
was developed for each major crop in each of the four reaches.  For Reaches 8 through
10, the percent of flooded area occupied by each major crop as a function of total area
flooded in a reach was based on 1973 land use data from a Lower James Conservancy
Sub-District report evaluating the economic impact of floods in the lower James River;
aerial photographs of flooded areas in 1952, 1960, 1962, 1984, and 1997; and
observations by Corps staff.  In general, as the area flooded increased, the percentage
of corn flooded increases and the percentage of pasture and small grains flooded
decreased.

1.3.4 Time of Year Relationships.  The percentage of crop value lost based on time of
flooding was determined using days of the water year, with 1 October as day 1 and 30
September as day 366.  A crop loss function was graphed for each major crop in Reach
2, in Reach 3, and in South Dakota.  The crop loss function shows that the percent loss
in income from flooding increases as planting costs and cultivation costs are incurred
until harvest begins, and decreases as harvest progresses.  Planting, cultivation, and
harvest costs used were from Projected 1997 Crop Budgets: South Central North
Dakota, prepared by North Dakota State University Extension Service in December
1996 and from a number of South Dakota State University Cooperative Extension
Service publications.  Average planting and harvesting dates were determined in
consultation with county extension agents and the following State Cooperative
Extension Service publications: the North Dakota Crop Calendar; North Dakota Row
Crop and Small Grain Planting and Harvesting Progress, 1996 and 1991-1995
Average; South Dakota Winter Grains Crop Calendar; and South Dakota Spring Grains
and Flax Crop Calendar.  For reaches that included more than one county, the dates
for each crop were weighted averages.  For North Dakota, itemized budgets and the
crop loss function in tabular form are shown for each major crop in Table S-6.  The
difference between the income per acre and the costs of production for each crop cover
hired labor, the farm proprietor’s labor, land costs, and equipment depreciation.  Crop
loss function graphs for North and South Dakota are shown in figures S-1 and S-2
respectively.  Crop loss functions which do not reach 0 percent after harvest are taking
into account costs of preparing the field for the next year’s crop.

1.3.5 Effect of Flood Duration on Crop Losses.  As the duration of flooding increases,
an increasing percentage of the crop dies.  Mortality rates vary with the crop and time
of year.  County extension agents determined that in North Dakota, corn, soybeans and
sunflowers die after being flooded 4 or 5 days; spring wheat after 5 or 6 days; and most
pasture grasses die after 14 to 30 days.  For South Dakota, 90 percent of pasture
grasses die after 30 days and all other crops die within 10 days.  These mortality rates
based on duration of flooding are shown in the AFDAM model input tables in the
Hydrology Appendix.

1.3.6 Recovery Period.  The recovery period is the time from when standing water
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leaves the field to when the soil dries out and becomes aerobic and equipment can be
used on the field.  The recovery period was estimated by county extension agents and
District Conservationists.  In North Dakota, the recovery period varied, decreasing in a
linear fashion from 13-21 days on 1 May to 10-14 days by 1 July and increasing linearly
from 10-14 days on 15 August to 13-21 days by 30 September; higher temperatures
reduced dryout time.  In South Dakota, fields in Lake Plain reaches have longer
recovery periods because of low bed gradients.  Recovery periods in South Dakota
range from 24-60 days during the summer and 35-60 days during the rest of the year. 
The recovery period lengths as a function of the day of the water year when the
standing water leaves the field are shown for each reach in the AFDAM model input
tables in the Hydrology Appendix.

1.4   RECREATION LOSSES

High pool elevations in Jamestown and Pipestem Reservoirs and high flows on the
James River can result in: lost recreation benefits, if recreators forego the activity;
reduced recreation benefits, if recreators derive less enjoyment from the activity; and/or
additional travel costs, if recreators travel farther to another site for the activity.  It was
determined that high pool elevations could impact recreation activities at Arrowwood
National Wildlife Refuge (NWR), Jamestown Reservoir, and Pipestem Reservoir.  High
James River flows could impact recreation activities at Jamestown Country Club,
Memorial Park Country Club in LaMoure, and Sand Lake NWR.

1.4.1 Daily Recreation Benefit Values.  The recreation benefit values for a day of golf
at Memorial Park Country Club in LaMoure and at Jamestown Country Club were
considered to be the weekday greens fees.  Recreation benefits for reservoirs and
NWR’s were calculated using the Unit Day Value (UDV) method because most
recreators, even those who are camping, are local.  Points were assigned for a day of
General Recreation or a day of General Fishing and Hunting to Pipestem Reservoir
and Jamestown Reservoir in accordance with ER 1105-2-100, Section VIII, using Table
6-29, Guidelines for Assigning Points for General Recreation.  The maximum total is
100 points: 30 for recreation experience, 18 for availability of opportunity, 14 for
carrying capacity, 18 for accessibility, and 20 for environmental quality.  Pipestem
Reservoir received 42 points if conditions are normal and 30 points (due to limited
access within the site) if high pool levels make boat ramps unusable.  Jamestown
Reservoir received 43 points if conditions are normal and 31 points (due to limited
access within the site) if high pool levels make boat ramps unusable.  These point
values were converted to UDV’s using Revised Table 6-28 (FY 98), Conversion of
Points to Dollar Values.  Some selected values from this Table for Fiscal Year 1998 are
as follows: General Recreation UDV’s were $3.05 for 10 points, $4.82 for 40 points,
$5.46 for 50 points, and $7.71 for 100 points; General Fishing and Hunting UDV’s were
$4.18 for 10 points, $5.46 for 40 points, $5.95 for 50 points, and $7.71 for 100 points. 
UDV’s for point values not ending in 0 were obtained by interpolation and rounding to
the nearest cent.  For Jamestown Reservoir, the UDV’s for General Recreation and
General Fishing and Hunting, respectively, were $5.01 and $5.61 under normal
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conditions and $3.96 and $5.03 if access within the site is limited.  The UDV’s for
Pipestem Reservoir were $4.95 and $5.56 under normal conditions and $3.86 and
$4.98 if access within the site is limited.  Arrowwood NWR and Sand Lake NWR were
assigned the same UDV’s as Jamestown Reservoir.

1.4.2 Effect of High Water Levels On Recreation.  Information was obtained from
managers of local recreation areas concerning the effect of high pool elevations or high
James River flows on various outdoor recreation activities.  The following persons
provided information:

♦ Daniel Ireland, Greenskeeper, Memorial Park Country Club, LaMoure
♦ Mike Kasprowicz, Manager, Memorial Park Country Club, LaMoure
♦ John Kerner, US Fish and Wildlife Service, Sand Lake NWR Manager
♦ Dennis Lorenz, Stutsman Co. Park Board, Park Superintendent, Jamestown

Reservoir
♦ Bob Martin, Corps of Engineers, Pipestem Project Office
♦ Cory Nelson, Golf Pro, Jamestown Country Club
♦ Mark Vaniman, US Fish and Wildlife Service, Arrowwood NWR Manager
♦ John Westreng, Superintendent, Jamestown Country Club

These recreation managers indicated the activities affected and the magnitude of
effects by specific threshold Pipestem or Jamestown Reservoir surface elevations and
threshold gage readings at the James River gages at Jamestown, ND, LaMoure, ND,
and Columbia, SD.  For specific time periods and threshold levels, the local recreation
managers indicated the following:

• The reduction per day in numbers of recreators engaging in a specific activity.  The
number of recreators foregoing the activity was multiplied by the full UDV to obtain
the daily lost recreation benefits for that time period.

• The number of recreators per day who continued to engage in the activity at that
site at reduced enjoyment.  The number of recreators per day whose enjoyment was
reduced was multiplied by the difference between the UDV under normal conditions
and the UDV with limited internal access to obtain the daily reduced recreation
benefits for that time period.

• The number of recreators per day who would engage in that activity at an alternate
site, which would involve increased travel costs.  To determine these increased
travel costs, the recreation managers estimated the average number of persons in a
party (recreators traveling in the same vehicle) and additional distance traveled by
each party, based on specific origins and destinations.  Additional costs per day
were found by dividing the number of recreators per day using alternative sites by
the number of recreators per party to obtain number of parties, and multiplying the
number of parties by additional miles in a round trip to the alternative site times the
operating cost per mile.  Additional costs for travel were estimated at $0.31 per mile
for automobiles, the current Federal Government reimbursement rate for travel
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using private vehicles; and $0.62 per mile for camping vehicles.  The opportunity
cost of time spent by recreators in travel was not included because the local
recreation managers indicated that conversations between members of the travel
party and the potentially scenic drive could be considered recreation experiences;
the extra travel time would not necessarily reduce the amount of time spent
engaging in the recreation activity; and the UDV method does not specify the
number of hours in a day of recreation.

  
For each time period (often one month) from April through October, the recreation
benefit losses and reductions and extra travel costs incurred every day that
threshold water levels were equaled or exceeded were calculated for each affected
activity at each affected recreation area.  These calculations and the threshold
Jamestown or Pipestem Reservoir elevations or the threshold discharges at specific
James River gages are displayed for Pipestem Reservoir in Table S-7; for
Jamestown Reservoir and Arrowwood NWR in Table S-8; and for Sand Lake NWR,
Memorial Park Country Club, and Jamestown Country Club in Table S-9.

1.4.2.a Pipestem Reservoir.  At Pipestem Reservoir, pool elevations of at least 1465
feet msl would make boat ramps inaccessible and would reduce the number and the
recreation enjoyment of boat fishermen, who constitute nearly all the boaters, from April
through October.  Shoreline fishing and other recreation uses would not be adversely
affected.  The number of boat fishermen who would forego boat fishing and the number
who would remain at Pipestem at reduced enjoyment is an estimated average and
would be highly variable, dependent on fishing success.

1.4.2.b Jamestown Reservoir.  At Jamestown Reservoir, pool elevations of at least
1442 feet msl would make boat ramps inaccessible and would cause boat fishermen to
forego the experience or enjoy it less from May through October.  From Memorial Day
through August, pool elevations of at least 1442 feet msl would cause pleasure boaters
and water-skiers to forego the experience, have reduced enjoyment from the
inconvenience and potential of getting stuck when using boat docks at the ends of
parking lots as makeshift boat ramps, or would travel an extra 40 miles round trip in 2-
or 3-person parties to other lakes such as Lake Ashtabula and Spearwood Lake.  At
1444 feet msl, expenses of constructing a dike around the marina building and running
pumps would be incurred.  Pool elevations above 1445 feet msl from May through
September would affect the septic system at Smoky’s Landing campground and
necessitate its evacuation.  Although most campers at Smoky’s Landing are from the
local area, they would camp elsewhere rather than forego camping because these
camping parties tend to congregate as groups of friends or relatives.  There are 65
camping parties per weekend day, and therefore 130 camping party days per weekend.
 The 1975 North Dakota State Comprehensive Outdoor Recreation Plan (SCORP)
indicates that 60 percent of camping occurs on weekends, so there would be 217
camping party days per week.  Camping parties stay an average of 2 nights at Smoky’s
Landing, so 109 parties per week would travel an average of 90 extra miles round trip
to camp at Lake Ashtabula, Valley City, or Little Yellowstone Campground on the
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Cheyenne River.  Jet-skiers and shore fishermen would not be affected by high
Jamestown Reservoir levels.

1.4.2.c Arrowwood NWR.  Jamestown Reservoir levels above the multipurpose pool
level of 1430 feet msl or above 1431 feet msl would result in loss of ability to manage
the water levels in the four separate pools at Arrowwood NWR.  The deeper the water
at the NWR, the less light would be available for establishing submerged aquatic
vegetation such as sago pondweed, which attracts waterfowl, and the greater the
increase in blue-green algae.  If Jamestown Reservoir remains in the flood control pool
after 30 June instead of being evacuated by 30 April, anglers would increase from100
yearly to 200 yearly because many fish enter Arrowwood NWR from Jamestown
Reservoir during periods of high water.  However, these benefits would be more than
offset by the decrease in wildlife observers, notably birdwatchers, from 16,000 yearly
down to 5,000 yearly due to lack of plant food for waterfowl and lack of shore areas for
shorebirds.  Reduced availability of plant food due to high water levels would reduce
the number of waterfowl visiting the NWR and surrounding areas in the fall.  Therefore,
waterfowl hunting in the NWR vicinity would greatly decrease, although deer hunting
would not be affected.  Approximately 600 hunters from the local area hunt near the
NWR in parties averaging 3 persons.  These 200 parties would have to drive an
estimated 120 miles round trip to alternative waterfowl hunting areas.  Half of the
parties would go on one hunting trip in October, and the other half would go on four
hunting trips in October.

1.4.2.d Sand Lake NWR.  High James River flows, measured at the Columbia, SD
gage, affect the number of shore fishermen and the enjoyment of wildlife observers,
notably birdwatchers, at Sand Lake NWR.  Shore fishing is allowed at only four grade
crossings; one of the grade crossings becomes inaccessible when the James River
flows at Columbia reach 900 cfs, and a second grade crossing becomes inaccessible at
1800 cfs.  When the James River flows at Columbia are above 1000 cfs, the auto tour
route which is used by 10,000 people per year (approximately two-thirds of the
birdwatchers) becomes inaccessible.  The number of birdwatchers does not decrease,
but the recreation enjoyment of two-thirds of the birdwatchers decreases.

1.4.2.e Memorial Park Country Club.  This golf course in LaMoure has only 9 holes,
and the number of golfers is greatly reduced from April through October when James
River flows of 1150 cfs at the LaMoure, ND gage make even 1 hole unplayable.  Half of
the usual golfers are from LaMoure, and the other half live within about 20 miles from
LaMoure.  The LaMoure golfers are not accustomed to driving far to golf, so if even one
hole is unplayable, 75 percent forego golfing and the remainder play at least one hole
more than once to total a 9-hole round of golf.  Of the golfers from outside LaMoure, 50
percent forego golfing and 50 percent travel in parties averaging 4 golfers an average
of 36 miles round trip extra from Marion, Litchville, Edgeley, Dickey, and Adrian to golf
courses in Jamestown, Valley City, or Lisbon-Bissel.

1.4.2.f Jamestown Country Club.  This golf course has 18 holes and is open from
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April through October.  About 80 to 85 percent of golfers are from the City of
Jamestown, and most of the rest of the golfers play only in tournaments.  When James
River flows at the Jamestown gage reach 900 cfs, 1 to 2 holes are out of play.  As a
result, one-third of the golfers forego golfing; they do not golf at Hillcrest golf course in
Jamestown as an alternative site.  At 1300 cfs, 5 holes are out of play because golfers
can not access them by a bridge across the James River, and half of the golfers forego
golfing.  At 1800 cfs, an additional 7 holes are unplayable because all three bridges are
inundated, and two-thirds of the golfers forego golfing.

1.4.3 Determination of Recreation EAD's for Different Alternatives.  The expected
annual losses or reductions in recreation benefits were then determined for four
alternatives based on losses calculated to occur during 2-year, 5-year, 10-year, 20-
year, 50-year, and 100-year flood events.  For each alternative and flood return
interval, pool duration curves for Jamestown and Pipestem Reservoirs and balanced
hydrographs for James River gages were developed.  They indicated the highest
elevations or discharges that would be exceeded for 1, 3, 7, 15, and 30 days during
each month from April through October.  A total of 24 spreadsheets, one for each
alternative and return interval, were developed to calculate recreation losses.  An
example of a two-page spreadsheet for one alternative and flood return interval is
provided as Table S-10.  On each spreadsheet, each daily recreation loss for each
activity at each site for a given month was multiplied by the number of days during that
month when the indicated threshold water levels were exceeded.  Losses for each
month, April through October, were calculated and were summed to obtain the year-
long losses.

The EAD for recreation losses for each alternative was found by tabular integration
using the monthly and year-long losses calculated for the various flood return intervals
(flood exceedance frequencies) for that alternative.  Table S-11 presents the monthly
and yearly EAD’s for recreation losses for these alternatives.  For each alternative and
return interval, yearly losses for each recreation site and each reach were also
calculated.  These EAD’s are presented in Table S-12.



LAND USE TYPE OF DAMAGE (PROPORTION OF TOTAL VALUE) WHEN WATER LEVEL RELATIVE TO MAIN FLOOR IS:

ACTIVITY DAMAGE -8 Feet -2 Feet 0 Feet 1 Foot 2 Feet 3 Feet 4 Feet 5 Feet 8 Feet 10 Feet

1 - 1-story residence Structure 0.000 0.000 0.100 0.205 0.275 0.330 0.380 0.430 0.630 0.690

   no basement Contents 0.000 0.000 0.000 0.440 0.745 0.845 0.875 0.890 0.920 0.920

2 - 1-story residence Structure 0.030 0.050 0.160 0.255 0.315 0.360 0.400 0.450 0.620 0.680

   with basement Contents 0.065 0.090 0.100 0.455 0.735 0.815 0.860 0.880 0.910 0.920

3 - 2-story residence Structure 0.000 0.000 0.070 0.140 0.210 0.265 0.310 0.355 0.480 0.570

   no basement Contents 0.000 0.000 0.000 0.355 0.465 0.530 0.570 0.595 0.660 0.780

4 - 2-story residence Structure 0.015 0.025 0.135 0.200 0.245 0.285 0.310 0.340 0.450 0.550

   with basement Contents 0.050 0.065 0.085 0.355 0.490 0.530 0.560 0.580 0.660 0.780

5 - Split level Structure 0.015 0.030 0.145 0.185 0.220 0.265 0.320 0.380 0.530 0.570

   residence Contents 0.055 0.125 0.240 0.345 0.435 0.500 0.560 0.705 0.860 0.880

6 - Split foyer Structure 0.100 0.160 0.360 0.395 0.445 0.490 0.530 0.575 0.720 0.760

   residence Contents 0.170 0.245 0.375 0.640 0.815 0.885 0.920 0.940 0.950 0.950

7 - Mobile home Structure 0.000 0.050 0.100 0.200 0.310 0.440 0.595 0.735 0.940 0.960

Contents 0.000 0.000 0.000 0.510 0.760 0.850 0.890 0.915 0.950 0.960

9 - Apartment, Structure 0.000 0.000 0.120 0.190 0.250 0.280 0.300 0.320 0.390 0.460

   no basement Contents 0.000 0.000 0.000 0.440 0.745 0.845 0.875 0.890 0.900 0.900

10 - Apartment, Structure 0.000 0.000 0.100 0.140 0.170 0.190 0.210 0.220 0.290 0.350

   with basement Contents 0.065 0.090 0.100 0.455 0.735 0.815 0.860 0.880 0.650 0.770

29 - Auto dealer Structure 0.000 0.000 0.000 0.170 0.170 0.180 0.190 0.210 0.280 0.350

Contents 0.000 0.000 0.200 0.500 0.900 0.950 0.980 1.000 1.000 1.000

31 - Auto parts Structure 0.000 0.000 0.000 0.050 0.050 0.050 0.050 0.070 0.190 0.320

Contents 0.000 0.000 0.000 0.180 0.300 0.590 0.700 0.900 1.000 1.000

32 - Auto repair Structure 0.000 0.000 0.000 0.030 0.030 0.030 0.040 0.050 0.170 0.310

Contents 0.000 0.000 0.500 0.800 0.950 1.000 1.000 1.000 1.000 1.000

36 - Bank Structure 0.000 0.000 0.000 0.110 0.110 0.120 0.130 0.150 0.220 0.280

Contents 0.000 0.000 0.000 0.500 0.870 0.950 1.000 1.000 1.000 1.000

42 - Business, Structure 0.000 0.000 0.000 0.010 0.020 0.030 0.050 0.080 0.160 0.210

   general Contents 0.000 0.000 0.000 0.020 0.060 0.100 0.150 0.190 0.330 0.440

43 - Church Structure 0.000 0.000 0.000 0.100 0.110 0.110 0.120 0.120 0.140 0.170

Contents 0.100 0.100 0.100 0.280 0.540 0.700 0.840 0.900 0.990 1.000

47 - Construction Structure 0.000 0.000 0.000 0.130 0.140 0.150 0.170 0.190 0.250 0.250

   company Contents 0.000 0.000 0.000 0.500 0.750 1.000 1.000 1.000 1.000 1.000

50 - Dentist office Structure 0.000 0.000 0.070 0.350 0.350 0.350 0.350 0.350 0.370 0.390

Contents 0.000 0.000 0.000 0.210 0.400 0.550 0.700 0.850 1.000 1.000

51 - Department Structure 0.000 0.000 0.000 0.030 0.070 0.070 0.070 0.090 0.170 0.230

   store Contents 0.000 0.000 0.000 0.180 0.330 0.650 0.880 0.950 1.000 1.000

52 - Doctor's office Structure 0.000 0.000 0.000 0.010 0.030 0.040 0.060 0.090 0.170 0.240

Contents 0.000 0.000 0.000 0.070 0.120 0.150 0.160 0.180 0.340 0.570

53 - Drug store Structure 0.000 0.000 0.000 0.010 0.050 0.050 0.050 0.070 0.140 0.220

Contents 0.000 0.000 0.500 1.000 1.000 1.000 1.000 1.000 1.000 1.000

54 - Fire station Structure 0.000 0.000 0.000 0.010 0.050 0.050 0.050 0.060 0.110 0.170

Contents 0.000 0.000 0.000 0.100 0.250 0.500 0.750 0.910 1.000 1.000

56 - Florist Structure 0.000 0.000 0.000 0.070 0.070 0.080 0.090 0.110 0.190 0.260

Contents 0.000 0.000 0.000 0.500 0.850 1.000 1.000 1.000 1.000 1.000

58 - Funeral home Structure 0.000 0.000 0.000 0.010 0.050 0.050 0.050 0.060 0.110 0.170

Contents 0.000 0.000 0.000 0.100 0.300 0.600 0.900 1.000 1.000 1.000

60 - Gas company Structure 0.000 0.000 0.170 0.170 0.170 0.170 0.230 0.320 0.610 0.690

Contents 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

61 - Garage - service Structure 0.000 0.000 0.000 0.030 0.050 0.060 0.070 0.080 0.170 0.250

   station Contents 0.000 0.000 0.000 0.110 0.170 0.200 0.230 0.250 0.420 0.630

62 - Greenhouse Structure 0.000 0.000 0.000 0.050 0.110 0.160 0.210 0.260 0.420 0.520

Contents 0.000 0.000 0.000 0.660 0.880 1.000 1.000 1.000 1.000 1.000

63 - Grocery store Structure 0.000 0.000 0.000 0.030 0.040 0.050 0.060 0.070 0.200 0.370

   (supermarket) Contents 0.000 0.000 0.500 1.000 1.000 1.000 1.000 1.000 1.000 1.000

64 - Grocery store Structure 0.000 0.000 0.000 0.030 0.040 0.050 0.060 0.070 0.200 0.370

   (convenience) Contents 0.000 0.000 0.500 1.000 1.000 1.000 1.000 1.000 1.000 1.000

69 - Hardware store Structure 0.000 0.000 0.000 0.120 0.120 0.120 0.120 0.120 0.150 0.210

Contents 0.000 0.000 0.080 0.330 0.520 0.700 0.750 0.880 1.000 1.000

75 - Liquor store Structure 0.000 0.000 0.000 0.010 0.010 0.020 0.020 0.030 0.080 0.160

Contents 0.000 0.000 0.500 1.000 1.000 1.000 1.000 1.000 1.000 1.000

78 - Motel Structure 0.000 0.000 0.000 0.040 0.070 0.100 0.120 0.150 0.260 0.370

Contents 0.000 0.000 0.000 0.100 0.160 0.210 0.250 0.300 0.520 0.760

82 - Nursery (plant) Structure 0.000 0.000 0.020 0.020 0.030 0.060 0.100 0.150 0.320 0.410

Contents 0.000 0.000 0.000 0.050 0.200 0.790 0.880 0.950 1.000 1.000

83 - Office building Structure 0.000 0.000 0.000 0.120 0.140 0.170 0.190 0.230 0.350 0.450

Contents 0.000 0.000 0.000 0.160 0.210 0.240 0.250 0.260 0.360 0.500

90 - Restaurant Structure 0.000 0.040 0.060 0.090 0.120 0.130 0.150 0.180 0.240 0.300

Contents 0.000 0.080 0.170 0.240 0.330 0.520 0.700 0.750 0.900 1.000

91 - Restaurant Structure 0.000 0.000 0.000 0.020 0.040 0.070 0.100 0.140 0.280 0.390

   (drive-in, fast food) Contents 0.000 0.000 0.500 1.000 1.000 1.000 1.000 1.000 1.000 1.000

92 - School Structure 0.000 0.000 0.000 0.080 0.120 0.150 0.150 0.160 0.220 0.280

Contents 0.000 0.000 0.000 0.180 0.260 0.300 0.330 0.350 0.500 0.660

99 - Warehouse Structure 0.000 0.000 0.000 0.010 0.010 0.010 0.010 0.030 0.120 0.210

Contents 0.000 0.000 0.000 0.110 0.160 0.190 0.210 0.230 0.470 1.000

Table S-1.  Depth-Damage Curves Used in the Flood Damage Analysis for Jamestown, North Dakota



980 cfs 1850 cfs 1870 cfs 2900 cfs 15,000 cfs

(10-year) (50-year) (100-year) (500-year) (1000-yr)

NUMBER OF STRUCTURES DAMAGED

Residential Structures 0 37 37 92 1011

Nonresidential Structures 0 2 2 6 59

TOTAL STRUCTURES DAMAGED 0 39 39 98 1070

FLOOD DAMAGES TO STRUCTURES 

   AND CONTENTS (x $1,000)

Residential Structures and Contents 0 290 295 1,744 23,150

Nonresidential Structures and Contents 0 13 13 243 4,978

TOTAL DAMAGE TO STRUCTURES 0 303 308 1,987 28,128

   AND CONTENTS (x $1,000)

DAMAGE TO INFRASTRUCTURE AND 0 45 46 298 4,219

   APPURTENANT USES (x $1,000)

(15% of structure and content damage) 

TOTAL FLOOD DAMAGES (x $1,000) 0 348 354 2,285 32,347

Table S-2

Flood Damages by Discharge, James River at Jamestown, North Dakota



James River Flow Basement Seepage

at Jamestown Gage Damages (Dollars)

500 cfs 3,500

600 cfs 7,300

700 cfs 11,500

800 cfs 18,900

900 cfs 26,400

1000 cfs 35,100

1100 cfs 49,800

1200 cfs 64,500

1300 cfs 85,900

1400 cfs 110,400

1500 cfs 135,000

1600 cfs 161,300

1750 cfs 200,800

Table S-3
Basement Seepage Damages from High James River Flows, Jamestown, North Dakota



TABLE S-4.  BOTTOMLAND YIELDS AND CROP VALUE PER ACRE, JAMES RIVER, NORTH AND SOUTH DAKOTA, 1997

AVERAGE YIELDS FOR NONFLOODED JAMES RIVER BOTTOMLAND
NORTH DAKOTA Dryland Irrigated Percent Total Corn Soy- Dry Ed. Bean Spring Wheat Sun- Sunfl. Pasture
COUNTY Corn Corn Irrigated Corn % of beans Beans % of Wheat % of flowers % of / Hay

(bu/ac) (bu/ac) (bu/ac) Crops (bu/ac) (lbs/ac) Crops (bu/ac) Crops (lbs/ac) Crops (tons/ac)

Stutsman 90.0 130.0 0.0 90.0 6.7 35.0 1600.0 13.3 34.0 66.7 1180.0 13.3 1.2
LaMoure 90.0 130.0 0.0 90.0 25.0 40.0 2000.0 30.0 40.0 25.0 2000.0 20.0 1.2
Dickey 90.0 130.0 0.0 90.0 37.0 30.0 1800.0 15.0 34.0 26.0 1710.0 22.0 1.2

Reach 2 (0.5 Stutsman, 0.5 LaMoure) 90.0 15.9 37.5 1800.0 21.7 37.0 45.9 1590.0 16.7 1.2
Reach 3 (0.25 LaMoure, 0.75 Dickey) 90.0 34.0 32.5 1850.0 18.8 35.5 25.8 1782.5 21.5 1.2

1997 Normalized Price for North Dakota $2.25 $5.63 $0.1725 $3.97 $0.101 $44.84

CROP VALUE ($ / ACRE): Reach 2 202.50 211.13 310.50 260.813 146.89 160.59 53.81
Reach 3 202.50 182.98 319.13 251.05 140.94 180.03 53.81

(Bean
Avg.)

AVERAGE YIELDS FOR NONFLOODED JAMES RIVER BOTTOMLAND
SOUTH DAKOTA Dryland Irrigated Percent Total Soy Spring Winter Pasture
COUNTY Corn Corn Irrigated Corn Beans Wheat Wheat / Hay

(bu/ac) (bu/ac) (bu/ac) (bu/ac) (bu/ac) (bu/ac) (tons/ac)

Brown 185.0 0.0 0.0 185.0 55.0 60.0 50.0 2.00
Spink-N of Ashton 50.0 0.0 0.0 50.0 15.0 17.5 20.0 2.75
Spink-S of Ashton 85.0 0.0 0.0 85.0 35.0 40.0 45.0 1.75
Beadle 120.0 150.0 10.0 123.0 45.0 40.0 40.0 1.20
Sanborn 100.0 0.0 0.0 100.0 40.0 45.0 45.0 1.20
Davison 90.4 0.0 0.0 90.4 40.0 40.0 42.0 1.20
Hanson 94.5 0.0 0.0 94.5 43.0 45.0 45.0 1.20
Hutchinson 150.0 175.0 4.0 151.0 52.5 60.0 65.0 2.00
Yankton 150.0 200.0 15.0 157.5 45.0 40.0 45.0 3.00

Reach 4 (Brown) 185.00 55.00 60.00 50.00 2.00
Reach 5 (Brown) 185.00 55.00 60.00 50.00 2.00
Reach 6 (0.28 Brown, 0.72 N Spink) 87.80 26.20 29.40 28.40 2.54
Reach 7 (S Spink) 85.00 35.00 40.00 45.00 1.75
Reach 8 (0.36 S Spink, 0.46 Beadle, 105.18 40.50 40.90 42.70 1.40
     0.18 Sanborn)
Reach 9 (0.19 Sanborn, 0.17 Davison, 116.88 45.63 50.00 52.29 1.51
     0.25 Hanson, 0.39 Hutchinson)
Reach 10 (Yankton) 157.50 45.00 40.00 45.00 3.00

1997 Normalized Price for South Dakota $2.30 $5.58 $3.55 $3.55 $56.20

CROP VALUE ($ / ACRE): Reach 4 425.50 306.90 213.00 177.50 112.40
Reach 5 425.50 306.90 213.00 177.50 112.40
Reach 6 201.94 146.20 104.37 100.82 142.75
Reach 7 195.50 195.30 142.00 159.75 98.35
Reach 8 241.91 225.99 145.20 151.59 78.57
Reach 9 268.83 254.59 177.50 185.63 84.97
Reach 10 362.25 251.10 142.00 159.75 168.60



TABLE S-5.  PERCENTAGE OF FLOODED AREA OCCUPIED BY DIFFERENT LAND USES,
JAMES RIVER, REACH 2, JAMESTOWN TO LAMOURE, NORTH DAKOTA

Steady Max. Strm Pas- Ur- Flood Soy/Dry Sun- Spring Pas-
X-Sec Disch. Width Bed Wood ture Crop ban Area Corn Beans flowers Wheat ture

(cfs) (feet) (feet) (feet) (feet) (feet) (feet) (acres) (acres) (acres) (acres) (acres) (acres)

9 6000 2008 110 400 500 998 0 8.31 0.6608271 0.9086373 0.7021288 1.8585762 2.0692231
10 6000 187 110 77 0 0 0 0.43 0 0 0 0 0

10.01 6000 187 70 108 0 9 0 14.91 0.114815 0.1578706 0.1219909 0.3229171 0
22 6000 164 100 64 0 0 0 0.06 0 0 0 0 0

22.01 6000 164 120 44 0 0 0 42.74 0 0 0 0 0
28 6000 1445 80 200 100 1065 0 133.88 15.787648 21.708017 16.774376 44.402761 9.2650519
30 6000 1435 70 100 0 1265 0 145.10 20.465672 28.1403 21.744777 57.559704 0
35 6000 876 65 300 0 206 305 163.89 6.1664548 8.4788753 6.5518582 17.343154 0
40 6000 1440 90 200 1150 0 0 207.12 0 0 0 0 165.40833
43 6000 1317 70 400 423 424 0 140.89 7.2573862 9.978906 7.7109728 20.411399 45.251686

46.02 6000 2083 110 400 873 700 0 2.39 0.128507 0.1766971 0.1365386 0.3614258 1.0016659
46 6000 1480 80 500 200 500 200 0.77 0.0416216 0.0572297 0.044223 0.1170608 0.1040541

46.01 6000 1200 80 300 360 460 0 211.51 12.972613 17.837343 13.783402 36.485475 63.453
53 6000 1054 140 100 200 614 0 99.13 9.2395932 12.704441 9.8170677 25.986356 18.810247
55 6000 1563 70 200 100 1193 0 158.02 19.298053 26.534824 20.504182 54.275775 10.110045

59.1 6000 554 80 237 200 37 0 0.50 0.005343 0.0073466 0.0056769 0.0150271 0.1805054
60 6000 94 80 7 0 7 0 0.68 0.0081021 0.0111404 0.0086085 0.0227872 0

60.1 6000 533 80 300 0 153 0 0.93 0.0427137 0.0587313 0.0453833 0.1201323 0
61 6000 424 80 100 100 144 0 31.74 1.7247396 2.371517 1.8325358 4.8508302 7.4858491
62 6000 1496 80 100 400 916 0 117.43 11.504372 15.818512 12.223395 32.356047 31.398396

65.1 6000 934 80 300 300 254 0 0.59 0.0256719 0.0352989 0.0272764 0.0722024 0.1895075
66.1 6000 87 80 0 0 7 0 0.05 0.0006437 0.0008851 0.0006839 0.0018103 0

66.11 6000 87 70 17 0 0 0 0.41 0 0 0 0 0
67.1 6000 895 70 300 0 525 0 97.34 9.1358212 12.561754 9.7068101 25.694497 0

71 6000 998 105 0 0 893 0 93.57 13.396074 18.419601 14.233328 37.676457 0
73 6000 1590 100 200 0 1290 0 177.76 23.07526 31.728483 24.517464 64.89917 0
77 6000 1705 60 200 300 1145 0 196.85 21.151273 29.083 22.473227 59.487955 34.636364
80 6000 1879 100 0 400 1179 200 200.79 20.158076 27.717355 21.417956 56.69459 42.744013
86 6000 1616 80 0 0 1536 0 125.12 19.02815 26.163707 20.21741 53.516673 0
89 6000 1412 85 0 663 664 0 96.82 7.2848136 10.016619 7.7401144 20.488538 45.461516
92 6000 1148 110 0 0 1038 0 104.67 15.142503 20.820942 16.08891 42.58829 0
95 6000 1499 125 0 0 1374 0 154.60 22.673292 31.175776 24.090372 63.768632 0
99 6000 1142 130 0 0 1012 0 331.42 46.990829 64.612389 49.927756 132.16171 0

106.1 6000 1166 110 300 0 756 0 1.37 0.1421228 0.1954189 0.1510055 0.3997204 0
107.1 6000 1220 100 100 0 1020 0 2.10 0.280918 0.3862623 0.2984754 0.790082 0
107.2 6000 1589 100 0 200 1189 100 69.74 8.3494887 11.480547 8.8713318 23.482937 8.7778477

109 6000 1731 90 0 820 821 0 438.98 33.312775 45.805065 35.394823 93.692179 207.95124
119 6000 1760 50 710 0 1000 0 328.39 29.853636 41.04875 31.719489 83.963352 0
131 6000 799 100 0 349 350 0 127.92 8.965607 12.32771 9.5259574 25.21577 55.874944
145 6000 244 85 159 0 0 0 142.24 0 0 0 0 0
154 6000 955 110 100 322 423 0 155.54 11.022981 15.156599 11.711918 31.002135 52.443853
168 6000 315 100 200 0 15 0 140.38 1.0695619 1.4706476 1.1364095 3.0081429 0
177 6000 1094 100 400 300 294 0 302.07 12.988458 17.859129 13.800236 36.530037 82.834552
188 6000 1163 70 746 0 347 0 211.33 10.0886 13.871825 10.719137 28.374187 0
197 6000 642 120 100 0 422 0 198.97 20.925941 28.773169 22.233813 58.85421 0
205 6000 1125 105 800 0 220 0 190.10 5.9480178 8.1785244 6.3197689 16.7288 0
211 6000 553 120 200 0 233 0 141.66 9.5498821 13.131088 10.14675 26.859043 0
217 6000 570 95 200 275 0 0 224.93 0 0 0 0 108.51886
226 6000 1252 110 200 0 942 0 150.69 18.140573 24.943287 19.274358 51.02036 0
232 6000 214 130 84 0 0 0 135.67 0 0 0 0 0
239 6000 932 95 300 400 137 0 243.49 5.7267176 7.8742367 6.0846374 16.106393 104.50215
246 6000 1089 110 200 389 390 0 277.50 15.900826 21.863636 16.894628 44.721074 99.125344
254 6000 946 40 200 253 453 0 189.33 14.50596 19.945695 15.412583 40.798013 50.634767
265 6000 540 110 100 0 330 0 182.29 17.823911 24.507878 18.937906 50.12975 0
272 6000 909 140 0 0 769 0 168.72 22.837523 31.401595 24.264869 64.230535 0
281 6000 479 140 200 69 70 0 154.02 3.6013027 4.9517912 3.8263841 10.128664 22.186597
287 6000 697 80 408 0 209 0 123.87 5.9429165 8.1715102 6.3143488 16.714453 0
295 6000 305 50 227 28 0 0 202.49 0 0 0 0 18.589246
303 6000 1360 50 150 0 1160 0 416.22 56.801788 78.102459 60.3519 159.75503 0
325 6000 1452 150 100 0 1202 0 460.54 60.999348 83.874103 64.811807 171.56067 0
334 6000 2470 120 100 0 2250 0 1176.07 171.41101 235.69014 182.1242 482.09347 0
356 6000 2013 175 100 0 1738 0 272.12 37.591222 51.68793 39.940673 105.72531 0
366 6000 3750 190 0 400 3060 100 2407.44 314.31537 432.18363 333.96008 884.01197 256.7936
386 6000 9427 205 0 0 8722 500 2003.81 296.63275 407.87003 315.1723 834.27961 0

Total Acres 14300.41 1498.2101 2060.0389 1591.8482 4213.7158 1545.8025
% of Total Acres 10.476693 14.405453 11.131486 29.4657 10.809497



Table S-6.  Crop Budgets for South Central North Dakota and Flood Losses Based on Crop Calendar, Reach 2, Jamestown to LaMoure, North Dakota

ND SPRING WHEAT ND DRYLAND CORN ND DRYL. SOYBEANS ND DRY EDIBLE BEAN BEAN ND SUNFLOWERS--OIL
AVG.

1996 Normalized Price 3.42 1996 Normalized Price 2.04 1996 Normalized Price 5.48 1996 Normalized Price 0.174 1997 Projected ND Price 0.101
Market Yield (Bushels) 37.00 Market Yield (Bushels) 90.00 Market Yield (Bushels) 37.50 Market Yield (Pounds) 1800 Market Yield (Pounds) 1590
Income Per Acre 126.54 Income Per Acre 183.60 Income Per Acre 205.50 Income Per Acre 313.20 259.35 Income Per Acre 160.59

Late-Plant Yield Loss 11.84 Late-Plant Yield Loss 27.00 Late-Plant Yield Loss 15.26 Late-Plant Yield Loss 640.80 Late-Plant Yield Loss 507.21
Lost Income Per Acre 40.49 Lost Income Per Acre 55.08 Lost Income Per Acre 83.64 Lost Income Per Acre 111.50 97.57 Lost Income Per Acre 51.23

P97 PLANTING COSTS 28.19 P97 PLANTING COSTS 49.17 P97 PLANTING COSTS 32.33 P97 PLANTING COSTS 51.48 41.91 P97 PLANTING COSTS 36.85
Seed 8.00 Seed 20.80 Seed 12.00 Seed 28.00 Seed 11.00
Herb-/Fung-/Insecticides 5.11 Herb-/Fung-/Insecticides 10.80 Herb-/Fung-/Insecticides 11.18 Herb-/Fung-/Insecticides 10.85 Herb-/Fung-/Insecticides 8.16
Fertilizer 7.07 Fertilizer 6.65 Fertilizer 0.88 Fertilizer 1.49 Fertilizer 4.84
Fuel, lubrication, repairs 5.41 Fuel, lubrication, repairs 6.79 Fuel, lubrication, repairs 4.95 Fuel, lubrication, repairs 6.97 Fuel, lubrication, repairs 5.95
Miscellaneous 1.00 Miscellaneous 1.00 Miscellaneous 1.50 Miscellaneous 1.00 Miscellaneous 4.75
Interest 1.60 Interest 3.13 Interest 1.82 Interest 3.17 Interest 2.15

PREHARVEST COSTS 18.63 PREHARVEST COSTS 25.87 PREHARVEST COSTS 18.02 PREHARVEST COSTS 20.66 19.34 PREHARVEST COSTS 20.11
Herb-/Fung-/Insecticides 5.10 Herb-/Fung-/Insecticides 10.80 Herb-/Fung-/Insecticides 11.18 Herb-/Fung-/Insecticides 10.85 Herb-/Fung-/Insecticides 8.16
Fertilizer 7.06 Fertilizer 6.64 Fertilizer 0.87 Fertilizer 1.48 Fertilizer 4.84
Fuel, lubrication, repairs 5.41 Fuel, lubrication, repairs 6.78 Fuel, lubrication, repairs 4.95 Fuel, lubrication, repairs 6.97 Fuel, lubrication, repairs 5.94
Interest 1.06 Interest 1.65 Interest 1.02 Interest 1.36 Interest 1.17

HARVEST COSTS 5.41 HARVEST COSTS 13.98 HARVEST COSTS 4.95 HARVEST COSTS 6.97 5.96 HARVEST COSTS 8.43
Fuel, lubrication, repairs 5.41 Fuel, lubrication, repairs 6.78 Fuel, lubrication, repairs 4.95 Fuel, lubrication, repairs 6.97 Fuel, lubrication, repairs 5.94
Drying 0.00 Drying 7.20 Drying 0.00 Drying 0.00 Drying 2.49

Percent loss, late-plant 0.32 Percent loss, late-plant 0.30 Percent loss, late-plant 0.41 Percent loss, late-plant 0.36 0.38 Percent loss, late-plant 0.32
Percent loss, replant 0.54 Percent loss, replant 0.57 Percent loss, replant 0.56 Percent loss, replant 0.52 0.54 Percent loss, replant 0.55

Julian days, water year Flood Julian days, water year Flood Dryland soybean; Julian Flood Dry edible beans; Julian Flood Flood Julian days, water year Flood
calendar -- spring wheat Loss calendar -- dryland corn Loss day is dry/soybean avg. Loss day is dry/soybean avg. Loss Loss calendar -- sunflowers Loss
Stutsman .5-Lamoure .5 % Stutsman .5-Lamoure .5 % Stutsman .5-Lamoure .5 % Stutsman .5-Lamoure .5 % % Stutsman .5-Lamoure .5 %
200 Begin Planting 0.00 213 Begin Planting 0.00 220 Begin Planting 0.00 220 Begin Planting 0.00 0.00 231 Begin Planting 0.00
215 25% Planted 0.06 221 25% Planted 0.07 232 25% Planted 0.04 232 25% Planted 0.04 0.04 239 25% Planted 0.06
228 75% Planted 0.17 231 75% Planted 0.20 240 75% Planted 0.12 240 75% Planted 0.12 0.12 249 75% Planted 0.17
239 95% Planted 0.21 240 95% Planted 0.25 251 95% Planted 0.15 251 95% Planted 0.16 0.15 262 95% Planted 0.22
254 Last Late-Plant Day 0.32 243 Last Late-Plant Day 0.30 257 Last Late-Plant Day 0.41 257 Last Late-Plant Day 0.36 0.38 269 Last Late-Plant Day 0.32
255 Can Not Replant 0.81 244 Can Not Replant 0.78 258 Can Not Replant 0.89 258 Can Not Replant 0.91 0.90 270 Can Not Replant 0.82
304 Begin Harvesting 0.96 1 Begin Harvesting 0.92 336 Begin Harvesting 0.98 336 Begin Harvesting 0.98 0.98 366 Begin Harvesting 0.95
318 25% Harvested 0.72 19 25% Harvested 0.69 358 25% Harvested 0.73 358 25% Harvested 0.73 0.73 11 25% Harvested 0.71
337 75% Harvested 0.24 41 75% Harvested 0.23 13 75% Harvested 0.24 13 75% Harvested 0.24 0.24 26 75% Harvested 0.24
351 95% Harvested 0.05 56 95% Harvested 0.05 28 95% Harvested 0.05 28 95% Harvested 0.05 0.05 46 95% Harvested 0.05
20 100% Harvested 0.00 71 100% Harvested 0.00 43 100% Harvested 0.00 43 100% Harvested 0.00 0.00 66 100% Harvested 0.00



Threshold Recreation Recreation Duration Cost
Elevation Location Activity of Losses or Loss Calculations of Added Costs or Benefit Losses

>1465 msl Pipestem Boat 3rd and 4th $2 25 persons/week x ($5.56 UDV - $4.98 UDV)
Reservoir Fishing wks in April daily    = $15 weekly;  $15/7 = $2 reduced benefit daily

>1465 msl Pipestem Boat 3rd and 4th $20 25 persons/week x $5.56 UDV
Reservoir Fishing wks in April daily    = $139 weekly;  $139/7 = $20 lost benefit daily

>1465 msl Pipestem Boat any week $10 125 persons/week x ($5.56 UDV - $4.98 UDV)
Reservoir Fishing in May daily    = $73 weekly;  $73/7 = $10 reduced benefit daily

>1465 msl Pipestem Boat any week $40 50 persons/week forego boat fishing x $5.56 UDV
Reservoir Fishing in May daily    = $278 weekly;  $278/7 = $40 lost benefit daily

>1465 msl Pipestem Boat any week $15 175 persons/week x ($5.56 UDV - $4.98 UDV)
Reservoir Fishing in June daily    = $102 weekly;  $102/7 = $15 reduced benefit daily

>1465 msl Pipestem Boat any week $38 48 persons/week forego boat fishing x $5.56 UDV
Reservoir Fishing in June daily    = $267 weekly;  $267/7 = $38 lost benefit daily

>1465 msl Pipestem Boat any week $17 200 persons/week x ($5.56 UDV - $4.98 UDV)
Reservoir Fishing in July daily    = $116 weekly;  $116/7 = $17 reduced benefit daily

>1465 msl Pipestem Boat any week $44 55 persons/week forego boat fishing x $5.56 UDV
Reservoir Fishing in July daily    = $306 weekly;  $306/7 = $44 lost benefit daily

>1465 msl Pipestem Boat any week $9 113 persons/week x ($5.56 UDV  - $4.98 UDV)
Reservoir Fishing in August daily    = $66 weekly;  $66/7 = $9 reduced benefit daily

>1465 msl Pipestem Boat any week $30 38 persons/week forego boat fishing x $5.56 UDV
Reservoir Fishing in August daily    = $211 weekly;  $211/7 = $30 lost benefit daily

>1465 msl Pipestem Boat any week $7 83 persons/week x ($5.56 UDV  - $4.98 UDV)
Reservoir Fishing in Sept daily    = $48 weekly;  $48/7 = $7 reduced benefit daily

>1465 msl Pipestem Boat any week $3 34 persons/week x ($5.56 UDV  - $4.98 UDV)
Reservoir Fishing in Oct daily    = $20 weekly;  $20/7 = $3 reduced benefit daily

TABLE S-7.  RECREATION IMPACTS AT PIPESTEM RESERVOIR
BASED ON PIPESTEM RESERVOIR POOL LEVELS



Threshold Recreation Recreation Duration Loss or
Elevation Location Activity of Losses Extra Cost Calculations of Added Costs or Benefit Losses

>1445 msl Jamestown Camping 1-May $869 109 parties/week x $0.62/mi x 90 mi extra/round trip
Reservoir thru Sep daily    = $6082 weekly;  $6082/7 = $869 extra cost daily

>1442 msl Jamestown Boat 1st week $1 8 persons/week x ($5.61 UDV  - $5.03 UDV)
Reservoir Fishing in May daily    = $5 weekly;  $5/7 = $1 reduced benefits daily

>1442 msl Jamestown Boat 2nd week $2 25 persons/week x ($5.61 UDV  - $5.03 UDV)
Reservoir Fishing in May daily    = $15 weekly;  $15/7 = $2 reduced benefits daily

>1442 msl Jamestown Boat 3rd & 4th $10 120 persons/week x ($5.61 UDV  - $5.03 UDV)
Reservoir Fishing week in May daily    = $70 weekly;  $70/7 = $10 reduced benefits daily

>1442 msl Jamestown Boat Mem Day $40 482 persons x ($5.61 UDV  - $5.03 UDV)
Reservoir Fishing thru Aug daily    = $280 weekly;  $280/7 = $40 reduced benefits daily

>1442 msl Jamestown Boating Mem Day $80 45 parties/week x $0.31/mi x 40 mi extra/round trip
Reservoir thru Aug daily    = $558 weekly;  $558/7 = $80 extra cost daily

>1442 msl Jamestown Boating Mem Day $242 338 persons/week x $5.01 UDV = $1693 weekly;
Reservoir thru Aug daily    $1693/7 = $242 lost benefits daily

>1442 msl Jamestown Boating Mem Day $29 193 persons/week x ($5.01 UDV - $3.96 UDV)
Reservoir thru Aug daily    = $203 weekly;  $203/7 = $29 reduced benefits daily

>1442 msl Jamestown Boat September $9 112 persons/week x ($5.61 UDV  - $5.03 UDV)
Reservoir Fishing daily    = $65 weekly;  $65/7 = $9 reduced benefits daily

>1442 msl Jamestown Boat October $12 140 persons/week x ($5.61 UDV  - $5.03 UDV)
Reservoir Fishing daily    = $81 weekly; $81/7 = $12 reduced benefits daily

1445 msl Jamestown Marina 1-time loss $250 2 additional pumps, $125 each
Reservoir Building anytime one-time

1444 msl Jamestown Marina 1-time loss $8,475 $8000 dike + $350 pump + $125 pump
Reservoir Building anytime one-time

>1430 msl Arrowwood Wildlife 1 May thru $325 1000 less wo's x $5.01 UDV - 25 more anglers x $5.61 UDV 
NWR Observation 15-May daily    =$4870; $4870/15 = $325 lost benefits daily

>1430 msl Arrowwood Wildlife 15 May thru $304 1000 less wo's x $5.01 UDV - 25 more anglers x $5.61 UDV 
NWR Observation 31-May daily    =$4870; $4870)/16 = $304 lost benefits daily

>1430 msl Arrowwood Wildlife 1 Jun thru $659 2000 less wo's x $5.01 UDV - 25 more anglers x $5.61 UDV 
NWR Observation 15-Jun daily    = $9880;  $9880/15 = $659 lost benefits daily

>1430 msl Arrowwood Wildlife 15 Jun thru $659 2000 less wo's x $5.01 UDV - 25 more anglers x $5.61 UDV 
NWR Observation 30-Jun daily    = $9880;  $9880/15 = $659 lost benefits daily

>1430 msl Arrowwood Wildlife July and $162 (0.4 x 5,000 less wo's July thru Oct x $5.01 UDV  
NWR Observation August daily    = $10,020;  $10,020/62 = $162 lost benefits daily

>1430 msl Arrowwood Wildlife September $246 (0.6 x 5,000 less wo's July thru Oct x $5.01 UDV  
NWR Observation & October daily    = $15,030;  $15,030/61 = $246 lost benefits daily

>1430 msl Near Arrow- Hunting October $600 600 local hunters go elsewhere x 3/party = 200 parties;
wood NWR daily 100 parties x 1 trip x 120 mi extra/trip x $0.31/mi = $3720

100 parties x 4 trips x 120 mi extra/trip x $0.31/mi = $14,880
   = ($3720 + $14,880)/31 = $600 extra costs daily

TABLE S-8.  RECREATION IMPACTS AT JAMESTOWN RESERVOIR AND ARROWWOOD NWR
BASED ON JAMESTOWN RESERVOIR POOL LEVELS



SAND LAKE NWR 
Flows at Daily Lost
Columbia or Reduced
SD Gage Month Activity Benefits Calculations

1800 cfs Sept Shore Fish 31 0.5 x 313 anglers/month x $5.61 UDV/4 wks = $220 weekly; $220/7 = $31 lost daily
1800 cfs Oct Shore Fish 31 0.5 x 313 anglers/month x $5.61 UDV/4 wks = $220 weekly; $220/7 = $31 lost daily
>1000 cfs Apr Auto Tour 169 4500/month x ($5.01 - $3.96) UDV/4 wks = $1181 weekly; $1181/7 = $169 lost daily
>1000 cfs May Auto Tour 56 1500/month x ($5.01 - $3.96) UDV/4 weeks = $394 weekly; $394/7 = $56 lost daily
>1000 cfs June Auto Tour 38 1000/month x ($5.01 - $3.96) UDV/4 weeks = $263 weekly; $263/7 = $38 lost daily
>1000 cfs July Auto Tour 19 500/month x ($5.01 - $3.96) UDV/4 weeks = $131 weekly; $131/7 = $19 lost daily
>1000 cfs Aug Auto Tour 19 500/month x ($5.01 - $3.96) UDV/4 weeks = $131 weekly; $131/7 = $19 lost daily
>1000 cfs Sept Auto Tour 38 1000/month x ($5.01 - $3.96) UDV/4 weeks = $263 weekly; $263/7 = $38 lost daily
>1000 cfs Oct Auto Tour 38 1000/month x ($5.01 - $3.96) UDV/4 weeks = $263 weekly; $263/7 = $38 lost daily
900 cfs Apr Shore Fish 6 0.25 x 125 anglers/month x $5.61 UDV/4 weeks = $44 weekly; $44/7 = $6 lost daily
900 cfs May Shore Fish 13 0.25 x 250 anglers/month x $5.61 UDV/4 wks = $88 weekly; $88/7 = $13 lost daily
900 cfs June Shore Fish 13 0.25 x 250 anglers/month x $5.61 UDV/4 wks = $88 weekly; $88/7 = $13 lost daily
900 cfs July Shore Fish 6 0.25 x 125 anglers/month x $5.61 UDV/4 weeks = $44 weekly; $44/7 = $6 lost daily
900 cfs Aug Shore Fish 6 0.25 x 125 anglers/month x $5.61 UDV/4 weeks = $44 weekly; $44/7 = $6 lost daily
900 cfs Sept Shore Fish 16 0.25 x 313 anglers/mo x $5.61 UDV/4 weeks = $110 weekly; $110/7 = $16 lost daily
900 cfs Oct Shore Fish 16 0.25 x 313 anglers/mo x $5.61 UDV/4 weeks = $110 weekly; $110/7 = $16 lost daily

Flows at MEMORIAL PARK COUNTRY CLUB, LA MOURE
LaMoure RECREATION BENEFITS LOST WITH LESS THAN 9 HOLES PLAYABLE
ND Gage
>1150 cfs 130 Golfing Benefits 130 Golfing Benefits Other local Other local Additional Total daily

LaMoure benefits lost/week other local benefits lost/week parties parties (0.5 travel cost recreation
members per wk at 0.75 LaM. members per wk at 0.5 other per week of total) per week benefit loss
total golf $12 per day members total golf $12 per day loc. mem. at 4 golfers that golf at $11.16 or extra cost

Month days/wk per golfer do not golf days/wk per golfer do not golf per party elsewhere per party by month

Apr 325 3900 2925 260 3120 1560 65 33 368 693
May 455 5460 4095 390 4680 2340 98 49 547 997
June 455 5460 4095 390 4680 2340 98 49 547 997
July 455 5460 4095 390 4680 2340 98 49 547 997
Aug 455 5460 4095 390 4680 2340 98 49 547 997
Sep 325 3900 2925 260 3120 1560 65 33 368 693
Oct 130 1560 1170 130 1560 780 33 17 190 306

JAMESTOWN COUNTRY CLUB
RECREATION BENEFITS AND LOSSES AT VARIOUS JAMES RIVER COMBINED RELEASE LEVELS AT CITY OF JAMESTOWN

< 900 cfs <900 cfs 900 cfs 900 cfs 1300 cfs 1300 cfs 1800 cfs 1800 cfs
Average Daily 16-17 holes Lost Golf 13 holes Lost Golf 6 holes Lost Golf
Number Recreation Reduction Benefits Reduction Benefits Reduction Benefits
of Golfers Benefits at in Golfers per day at in Golfers per day at in Golfers per day at

Month per week $17 per day per week $17/golfer per week $17/golfer per week $17/golfer 1800 cfs Calculations

Apr 375 911 125 304 188 457 250 607 (250/wk x $17) / 7 days
May 750 1,821 250 607 375 911 500 1,214 (500/wk x $17) / 7 days
June 1,125 2,732 375 911 563 1,367 750 1,821 (750/wk x $17) / 7 days
July 1,125 2,732 375 911 563 1,367 750 1,821 (750/wk x $17) / 7 days
Aug 1,125 2,732 375 911 563 1,367 750 1,821 (750/wk x $17) / 7 days
Sep 625 1,518 208 505 313 760 417 1,013 (417/wk x $17) / 7 days
Oct 375 911 125 304 188 457 250 607 (250/wk x $17) / 7 days

TABLE S-9.  RECREATION BENEFITS LOST WITH HIGH JAMES RIVER FLOWS



TABLE S-10.  DAILY RECREATION LOSSES AT VARIOUS JAMES RIVER FLOWS AND RESERVOIR POOL LEVELS

Scheme 6, 100-year return period - Constant Release

Jamestown Jamestown Jamestown LaMoure Sand Lake Sand Lake Sand Lake Benefits
Time flow 900 - flow 1300- flow > or = flow > or = flow 900 - flow 1000- flow > or = Lost per
Period 1299 cfs 1799 cfs 1800 cfs 1150 cfs 1000 cfs 1799 cfs 1800 cfs time period

April Days = 1 0 0 30 0 0 30
Jmstn CC Golf 304 457 607
Mem Pk CC Golf 693
Sand Lake Fish/Tour 6 175 175

Benefits Lost = 304 0 0 20,790 0 0 5,250 26,344

May Days = 31 0 0 31 0 0 31
Jmstn CC Golf 607 911 1,214
Mem Pk CC Golf 997
Sand Lake Fish/Tour 13 69 69

Benefits Lost = 18,817 0 0 30,907 0 0 2,139 51,863

June Days = 30 0 0 30 0 24 6
Jmstn CC Golf 911 1,367 1,821
Mem Pk CC Golf 997
Sand Lake Fish/Tour 13 50 50

Benefits Lost = 27,330 0 0 29,910 0 1,200 300 58,740

July Days = 31 0 0 31 0 0 31
Jmstn CC Golf 911 1,367 1,821
Mem Pk CC Golf 997
Sand Lake Fish/Tour 6 25 25

Benefits Lost = 28,241 0 0 30,907 0 0 775 59,923

Days = 31 0 0 31 0 0 31
Aug Jmstn CC Golf 911 1,367 1,821

Mem Pk CC Golf 997
Sand Lake Fish/Tour 6 25 25

Benefits Lost = 28,241 0 0 30,907 0 0 775 59,923

Days = 11 0 0 30 0 28 2
Sept Jmstn CC Golf 505 760 1,013

Mem Pk CC Golf 693
Sand Lake Fish/Tour 16 53 69

Benefits Lost = 5,555 0 0 20,790 0 1,484 138 27,967

Days = 2 0 0 31 8 4 0
Oct Jmstn CC Golf 304 457 607

Mem Pk CC Golf 306
Sand Lake Fish/Tour 16 53 69

Benefits Lost = 608 0 0 9,486 128 212 0 10,434

Scheme 6, 100-year return period - Constant Release

Pipestem Jamestown Jamestown Jamestown Jamestown Jamestown
Time pool level pool level pool level pool level pool level pool level
Period >1465msl >1430msl >1442msl >1445msl 1444msl 1445msl

April Days = 16 16 16 16 1 1 0
15-30 Pipestem Boat Fish 22
Any Jamestown Marina 8,475
Time Jamestown Marina 250

Benefits Lost = 352 0 0 0 8,475 250 0 9,077

1-May Days = 15 15 15 15 0 0 0
thru 15 Pipestem Boat Fish 50
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Arrowwood Birdwatch 325
Jamestown Boat/Fish 1
Jamestown Camping 869

Benefits Lost = 750 4,875 15 13,035 0 0 0 18,675

16-May Days = 7 7 7 7 0 0 0
thru 22 Pipestem Boat Fish 50

Arrowwood Birdwatch 304
Jamestown Boat/Fish 5
Jamestown Camping 869

Benefits Lost = 350 2,128 35 6,083 0 0 0 8,596

23-May Days = 9 9 9 9 0 0 0
thru 31 Pipestem Boat Fish 50

Arrowwood Birdwatch 304
Jamestown Boat/Fish 195
Jamestown Camping 869

Benefits Lost = 450 2,736 1,755 7,821 0 0 0 12,762

Days = 15 15 15 15 0 0 0
1-Jun Pipestem Boat Fish 53

thru 15 Arrowwood Birdwatch 659
Jamestown Boat/Fish 391
Jamestown Camping 869

Benefits Lost = 795 9,885 5,865 13,035 0 0 0 29,580

Days = 15 15 15 15 0 0 0
16-Jun Pipestem Boat Fish 53

thru 30 Arrowwood Birdwatch 659
Jamestown Boat/Fish 391
Jamestown Camping 869

Benefits Lost = 795 9,885 5,865 13,035 0 0 0 29,580

Days = 31 31 31 31 0 0 0
July Pipestem Boat Fish 61

Arrowwood Birdwatch 162
Jamestown Boat/Fish 391
Jamestown Camping 869

Benefits Lost = 1,891 5,022 12,121 26,939 0 0 0 45,973

Days = 31 31 31 1 0 0 0
Aug Pipestem Boat Fish 39

Arrowwood Birdwatch 162
Jamestown Boat/Fish 391
Jamestown Camping 869

Benefits Lost = 1,209 5,022 12,121 869 0 0 0 19,221

Days = 3 30 10 0 0 0 0
Sept Pipestem Boat Fish 7

Arrowwood Birdwatch 246
Jamestown Boat/Fish 9
Jamestown Camping 869

Benefits Lost = 21 7,380 90 0 0 0 0 7,491

Days = 0 31 0 0 0 0 0
Oct Pipestem Boat Fish 3

Arrowwood Birdwatch 246
Near Arrow. Hunting 600
Jamestown Boat/Fish 12
Jamestown Camping 869

Benefits Lost = 0 26,226 0 0 0 0 0 26,226

Total Lost Benefits = 502,375
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EXPECTED ANNUAL RECREATION BENEFIT REDUCTIONS BY MONTH

Recreation Benefit Losses: Variable Release - Existing Plan
MONTH 2-YR 5-YR 10-YR 20-YR 50-YR 100-YR EAD
April 0 2,980 13,225 36,686 46,072 46,072 4,645
May 0 11,115 13,428 46,747 96,759 97,063 8,443
June 0 19,770 21,749 32,939 104,252 115,136 10,657
July 0 2,430 7,487 21,646 39,506 64,105 3,633
Aug 0 0 6,337 6,949 37,913 37,913 2,061
Sept 0 0 7,590 8,078 9,341 30,434 1,520
Oct 0 0 26,319 26,563 28,112 37,944 4,149
TOTAL 0 36,295 96,135 179,608 361,955 428,667 35,108

Recreation Benefit Losses: High Early Release; then Pass Inflow
MONTH 2-YR 5-YR 10-YR 20-YR 50-YR 100-YR EAD
April 0 5,234 16,338 35,117 35,117 35,292 4,891
May 0 11,102 11,878 73,079 73,079 73,079 8,556
June 0 7,908 20,096 50,551 90,533 90,570 8,235
July 0 0 4,574 27,888 77,655 77,655 4,138
Aug 0 0 5,078 11,821 76,349 76,973 3,497
Sept 0 0 5,412 7,799 41,570 56,426 2,367
Oct 0 0 0 25,555 37,616 65,114 2,719
TOTAL 0 24,244 63,376 231,810 431,919 475,109 34,403

Recreation Benefit Losses: High Early Release; then Reduced
MONTH 2-YR 5-YR 10-YR 20-YR 50-YR 100-YR EAD
April 0 1,580 16,795 25,026 36,485 36,485 3,835
May 9,739 10,468 42,172 43,169 86,433 97,975 14,028
June 19,770 19,770 29,667 60,460 60,697 60,823 18,601
July 5,022 5,022 5,634 54,629 77,655 78,566 8,313
Aug 5,022 5,022 11,036 46,066 76,973 77,884 8,352
Sept 1,968 7,380 7,380 35,102 56,790 57,295 6,187
Oct 0 26,226 7,626 53,943 64,887 65,559 10,223
TOTAL 41,521 75,468 120,310 318,395 459,920 474,587 69,539

Recreation Benefit Losses: Constant Release
MONTH 2-YR 5-YR 10-YR 20-YR 50-YR 100-YR EAD
April 0 1,068 8,379 23,336 35,117 35,421 2,991
May 9,739 10,261 15,065 42,172 73,079 91,896 11,559
June 19,770 19,770 20,413 60,018 84,588 117,900 19,195
July 5,022 5,022 5,905 42,740 78,566 105,896 8,272
Aug 5,022 5,022 5,152 15,608 77,493 79,144 6,721
Sept 7,380 7,380 7,380 7,670 29,660 35,458 6,396
Oct 26,226 26,226 26,226 26,226 32,394 36,660 19,931
TOTAL 73,159 74,749 88,520 217,770 410,897 502,375 75,065

TABLE S-11



  RECREATION LOSSES IN $1000 EAD/AAD
2-YR 5-YR 10-YR 20-YR 50-YR 100-YR (x $1000)
Low Med. High X-High
Flow Flow Flow Flow

RECREATION Year Year Year Year
AREAS AFFECTED ALTERNATIVE OPERATING PLAN 1992 1965 1979 1997

Pipestem Reservoir 0-Variable Release - Existing Plan 0.000 0.000 6.895 6.895 6.895 6.895 1.027
1-Variable Release; then Constant Minimum 0.000 0.000 <6.8 <6.8 <6.8 <6.8 <1

(Reach 1, 2-High Early Release; then Pass Inflow 0.000 0.000 0.000 2.538 5.968 6.592 0.313
City of Jamestown) 3-High Early Release; then Reduced 0.000 0.000 n.a. 6.895 6.895 6.895 0.514-1.031

4-High Spring, Low Summer, High Fall n.a. n.a. n.a. n.a. n.a. n.a. n.a.
6-Constant Release 0.000 0.000 3.042 6.606 6.613 6.613 0.717

Arrowwood NWR 0-Variable Release - Existing Plan 0.000 31.939 73.159 73.159 73.159 73.159 17.288
1-Variable Release; then Constant Minimum 0.000 <31.9 <73.1 <73.1 <73.1 <73.1 <17.2

(Reach 1, 2-High Early Release; then Pass Inflow 0.000 17.647 44.155 72.313 73.159 73.159 12.221
City of Jamestown) 3-High Early Release; then Reduced 41.521 73.159 73.159 73.159 73.159 73.159 42.177

4-High Spring, Low Summer, High Fall n.a. n.a. n.a. n.a. n.a. n.a. n.a.
6-Constant Release 73.159 73.159 73.159 73.159 73.159 73.159 54.796

Jamestown Reservoir 0-Variable Release - Existing Plan 0.000 0.000 0.000 12.094 56.151 66.579 2.539
1-Variable Release; then Constant Minimum 0.000 0.000 0.000 <12 <56.1 <66.5 <2.5

(Reach 1, 2-High Early Release; then Pass Inflow 0.000 0.000 0.000 76.266 189.660 207.040 9.742
City of Jamestown) 3-High Early Release; then Reduced 0.000 0.000 n.a. 207.040 207.040 207.040 15.424-30.952

4-High Spring, Low Summer, High Fall n.a. n.a. n.a. n.a. n.a. n.a. n.a.
6-Constant Release 0.000 0.000 1.805 94.254 125.695 127.409 8.203

Jamestown 0-Variable Release - Existing Plan 0.000 0.000 0.000 5.166 68.346 93.705 2.885
Country Club 1-Variable Release; then Constant Minimum 0.000 0.000 0.000 <5.1 <68.3 <93.7 <2.8

2-High Early Release; then Pass Inflow 0.000 0.000 0.000 0.000 0.000 0.000 0.000
(Reach 1, 3-High Early Release; then Reduced 0.000 0.000 n.a. 1.215 n.a. 29.806 0.505-1.168

City of Jamestown) 4-High Spring, Low Summer, High Fall n.a. n.a. n.a. n.a. n.a. n.a. n.a.
6-Constant Release 0.000 0.000 0.000 0.000 29.152 109.096 2.110

All recreation areas 0-Variable Release - Existing Plan 0.000 31.939 80.054 97.314 204.551 240.338 23.740
1-Variable Release; then Constant Minimum 0.000 <31.9 <80 <97.3 <204.5 <240.3 <23.7

(Reach 1, 2-High Early Release; then Pass Inflow 0.000 17.647 44.155 151.117 268.787 286.791 22.277
City of Jamestown) 3-High Early Release; then Reduced 42.000 73.159 n.a. 288.309 n.a. 316.900 58.62-75.328

4-High Spring, Low Summer, High Fall n.a. n.a. n.a. n.a. n.a. n.a. n.a.
6-Constant Release 73.000 73.159 78.006 174.019 234.619 316.277 65.763

Memorial Park 0-Variable Release - Existing Plan 0.000 0.693 7.623 71.552 143.421 173.697 8.873
Country Club 1-Variable Release; then Constant Minimum 0.000 <0.6 <7.6 <71.5 <143.4 <173.6 <8.8

2-High Early Release; then Pass Inflow 0.000 2.772 11.088 70.640 149.658 173.697 9.637
(Reach 2, 3-High Early Release; then Reduced 0.000 0.693 n.a. 19.368 n.a. 143.787 3.438-7.327

Jamestown, ND to 4-High Spring, Low Summer, High Fall n.a. n.a. n.a. n.a. n.a. n.a. n.a.
LaMoure, ND) 6-Constant Release 0.000 0.000 3.465 33.934 164.349 173.697 7.336

Sand Lake NWR 0-Variable Release - Existing Plan 0.000 3.663 8.458 10.742 13.983 14.632 2.281
1-Variable Release; then Constant Minimum 0.000 <3.6 <8.4 <10.7 <13.9 <14.6 <2.2

(Reach 4, 2-High Early Release; then Pass Inflow 0.000 3.825 8.133 10.053 13.474 14.621 2.251
ND-SD State Line to 3-High Early Release; then Reduced 0.000 1.616 n.a. 10.718 n.a. 13.900 1.289-2.035

Columbia, SD) 4-High Spring, Low Summer, High Fall n.a. n.a. n.a. n.a. n.a. n.a. n.a.
6-Constant Release 0.000 1.590 7.049 9.817 11.929 12.401 1.652

SITE-SPECIFIC RECREATION BENEFIT REDUCTIONS FOR JAMESTOWN AND PIPESTEM DAM ALTERNATIVE OPERATING PLANS
TABLE S-12
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(Agreements listed in descending order, with most recent listed first)

Item 1. 1975 Agreement for Operating Jamestown and Pipestem Dams

Item 2. 1974 Agreement for Operating Jamestown and Pipestem Dams

Item 3. 1972 Agreement for Operating Jamestown Dam

Item 4. 1968 Agreement for Operating Jamestown Dam

Item 5. 1957 Agreement for Operating Jamestown Dam
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(Letters listed in order of date generated and received)

Item 1. Letter dated August 26, 1999 from the Office of the State Engineer, State
of North Dakota, Water Appropriation Division concerning the “Preliminary
Draft Report, Water Control Plan Review and Update, Jamestown and
Pipestem Reservoirs, Jamestown, North Dakota”.

Item 2. Letter dated September 9, 1999 from the North Dakota Game and Fish
Department concerning “Comments on the Preliminary Draft Report,
Water Control Plan Review and Update, Jamestown and Pipestem
Reservoirs, Jamestown, North Dakota”.

Item 3. Letter dated September 23, 1999 from the James River Water
Development District concerning the “James River Water Development
Preliminary Comments on Preliminary Draft of the Water Control Plan
Review and Update-Jamestown and Pipestem reservoirs, June 1999”.

Item 4. Letter dated November 2, 1999 from the City of Jamestown North Dakota
concerning the “Water Control Plan Review and Update”.

Item 5. Letter dated December 14, 1999 from the United States Department of the
Interior, Bureau of Reclamation, Dakotas Area Office concerning the
“Preliminary Draft Report, Water Control Plan Review and Update,
Jamestown and Pipestem Reservoirs”.

Item 6. Letter dated December 22, 1999 from the United States Department of the
Interior, Fish and Wildlife Service, Mountain-Prairie Region concerning the
“Preliminary Draft Report, Water Control Plan Review and Update,
Jamestown and Pipestem Reservoirs”.
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1 INTRODUCTION

1.1   STUDY PURPOSE

The water control plan for Jamestown and Pipestem dams is being updated as a result
of difficulties encountered in managing high river flows in 1993 following an 8-inch
rainfall event.  These difficulties first arose when it was discovered that the channel
capacity of the James River in Jamestown had diminished to about 750 cfs rather than
the earlier 1800 cfs.  This necessitated deviations from the exiting water control plan set
forth in the 1975 Field Working Agreement (FWA) in order to avoid damage in
Jamestown while releasing stored flood waters.

Corps Regulation (ER1110-2-240) directs that the Corps continually review its water
control plans and revise them as necessary.  The initial study scope has been
expanded from providing protection to the City of Jamestown to include reducing
magnitude and duration of flooding in South Dakota, addressing dam safety issues and
minimizing environmental impacts associated with reservoir operations.

Current dam operations prevent over $10 million in flood damages annually.  However,
due to higher than normal precipitation, there have been five continuous years of
flooding throughout the basin from 1993 to 1997.  In an effort to reduce these “residual”
flood damages, new flood damage analyses have been performed to compare impacts
of various reservoir release scenarios on recent flooding.

The purpose of the Draft Water Control Plan (Draft WCP) is to update the current water
control manual.  The purpose of this environmental assessment (EA) is to analyze the
potential environmental effects of changing the water release scenario, as well as to
identify the least environmentally damaging water release plan.

1.2   ACTUAL OPERATION

The different alternative operating plans can be compared to the actual historic
operation to give a better understanding of the release criteria and the performance of
the computer simulation model.

In Figure 4.2 (p. 4-2 in Draft WCP) the plots show the combined release in cubic feet
per second (cfs) from Jamestown and Pipestem Dams for the years 1987 and 1997.
The year 1987 was a year when runoff was slightly above average and the year 1997
had the highest recorded flow during the period of record, and illustrates how the
system functions under extreme conditions.  The actual operation deviated in both years
from the 1975 Field Working Agreement (FWA).  In 1987, the 1975 FWA called for a
release of 750 cfs while the maximum actual release that was made was only 450 cfs.
In 1997, higher releases were made earlier than what was called for in the 1975 FWA in
the hope of avoiding the need to make an 1800 cfs release.  Also higher releases were
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held later in the season in order to "get the water out" in the hope of allowing the

1.3   

To evaluate agricultural flood damages associated with high flows along the James
River, the program AFDAM (Agriculture Flood Damage Analysis Model) was used.

agricultural damages associated with the flows as a function of time of year, duration of
flooding, land use, and soil recovery periods.  Urban damages to houses and

1.4   

The Jamestown Dam and Reservoir in Jamestown, North Dakota, is owned and
operated by the U. S. Bureau of Reclamation (USBR), Great Plains Region.  The flood

Flood Control Act of 1944.  Jamestown Reservoir's flood control pool is operated in
conjunction with Pipestem Dam and Reservoir, which is a Corps of Engineers flood

Creek enters the James River at the north end of the City of Jamestown, North Dakota.
The James River Basin of North and South Dakota is shown on Plate1. The drainage

Jamestown is shown on Plate 3. (All plates and figures that are referenced in this EA
are found in the Draft Water Control Plan.)

 PROJECT PURPOSES.

water supply, fish and wildlife conservation, recreation, and preservation of public
health.  Pipestem Dam was constructed for flood control, fish and wildlife management,

Table 1, with additional information provided in Plate 4 (Jamestown Dam Profile) and
Plate 5 (Pipestem Dam Profile).

JAMESTOWN AND PIPESTEM RESERVOIR POOL CAPACITIES (ACRE - FEET).
Exclusive

Conservation Joint-Use
Control

Surcharge

Jamestown 820 6,253 189,468 379,938
Pipestem 8,944 0 34,681 179,788

820 33,481 322,631 193,541
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1.6   PROJECT DESCRIPTION.

Both Jamestown and Pipestem Dams are described in the Draft WCP.  In addition,
pertinent data for both projects is shown in Plate 6 of the Draft WCP.

Jamestown Dam is located on the James River about one mile north of Jamestown in
Stutsman County, North Dakota.  Pipestem Dam is located on Pipestem Creek
approximately three miles northwest of Jamestown, North Dakota, and about six miles
above the confluence of Pipestem Creek with the James River.  The location of these
projects is shown on Plate 3.

Section 2.4.2 of the Draft WCP provides a detailed description of the components of
these dams.

1.7   PROJECT OPERATION

The current operating plan for flood control consists of a signed agreement between the
USBR and the Corps regarding the joint flood control operation of Jamestown and
Pipestem Dams.  This agreement is known as the 1975 Field Working Agreement and
is shown in its entirety in Appendix A of the Draft Water control Plan.
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 ALTERNATIVES CONSIDERED

 RANGE OF ALTERNATIVE OPERATING PLANS CONSIDERED

Under each of these broad categories are countless different variations, depending on
the magnitude of inflows as well as size and timing of releases.  Approximately 158 of

categories are as follows:

1.    Existing plan (variable release).  This is the “No Action” plan.

3.    High early release, then reduced.

5a.  Constant release with November 15 target.
5b.  Constant release with March 15 target.

A computer model was developed to simulate the operation of the reservoirs under
each of these alternatives and many of their variations.  Once the model was set up, the

downstream incremental flows for the years 1954 to 1997.  This generated a synthetic
historic record consisting of daily values for reservoir elevations and discharges.  This

simulation model.  For purposes of understanding the release pattern of each of these
categories, a detailed description follows.  Along with this discussion graphical

Draft WCP.

2.1.1 Existing Plan (Variable Release).

This constitutes the “No Action” alternative since no changes to the operating plan

This operation alternative reflects as closely as possible the current plan of regulation
as stated in the 1975 FWA.  The Reservoir regulation procedures normally employed to

Agreement between the Corps of Engineers and the Bureau of Reclamation for
operation of Jamestown Dam and Reservoir.   The plan provides for the maintenance of

accumulated in Jamestown or Pipestem Reservoirs.  The selected flow level and
scheduling of reservoir release is dependent upon storage accumulations in the two

space before the onset of the winter season.  Jamestown flow levels may be maintained
at higher levels than indicated by the tabulated storage-flow relationship, dependent on
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the time remaining to the onset of winter.  However, Jamestown flow levels are not
increased (above the 450 cfs level) solely to achieve complete storage evacuation
before the freezing of the downstream channel.  These procedures were devised to
provide the maximum practicable flood reductions at downstream points consistent with
evacuating storage space for the control of succeeding flood occurrences.

In Figure 4.3 (p. 4-3 of Draft WCP), the two plots show the computer simulation of
releases for 1987 and 1997 strictly following the 1975 FWA.  The model does a good
job of following the 1975 plan.  Comparing these plots to Figure 4.2 shows that the
actual operation was only slightly different.

2.1.2 Variable Release, then Constant Minimum.

This alternative starts out identical to the existing plan (see Existing plan).  Releases are
set according to the pool elevation of the reservoirs, 1800 cfs (top level), and 750 cfs
(mid level).  Once the reservoirs drop below the mid level requiring a release of 750 cfs,
the simulation model determines a constant release that will evacuate both pools by
November 15.  The magnitude of this release is dependent on how much time remains
in the season to evacuate the remainder of the storage in the flood pool.  This
alternative managed to get rid of all floods by November 15, even in 1997.

In Figure 4.4 (p 4-3 of Draft WCP), notice that this alternative starts out nearly identical
to Figure 4.3 - Releases under the existing plan for 1987 and 1997.  Then, as the pool
elevation drops below the level requiring 750 cfs, releases are reduced to a constant
minimum instead of the combined 450 cfs required by the existing plan.  In the year
1987 the pool dropped below the 750 cfs level early in the year resulting in a low
constant release of 250 cfs.  On the other hand, 1997 was much wetter requiring a
constant release of over 600 cfs to evacuate the remainder of the storage.

2.1.3 High Early Release, then Reduced.

As the flood pool fills up, releases are increased as quickly as possible without
exceeding inflow up to a maximum pre-determined level.  This release is maintained
until the storage is either completely evacuated or reduced to a level allowing a low
minimum release the remainder of the season.  Runs were made using 750 cfs, 900 cfs,
1300 cfs, and 1800 cfs as maximum discharges and reduced rates of matching inflow,
100 cfs, 200 cfs, 300 cfs, and 350 cfs.

Releases under the alternative shown in Figure 4.5 (p. 4-4 of Draft WCP) are set at
1800 cfs until the flood storage is completely evacuated.  After the flood pool is emptied,
releases are set to pass inflow.  All variations under this alternative with the exception of
"750 cfs" managed to evacuate all storage in the flood zone.  The "750 cfs" variation
failed to empty the flood pool in 1997.

2.1.4 High Spring Release, Low Summer, and Then High Fall.
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This alternative attempts to evacuate water stored in the flood pool by making a high

alternative is simple in operation, but has so many possible variations in rates and times
of release that it was not feasible to model them all.  Six different items can be varied

After some initial screening and eliminating combinations that were known not to work,
the above possibilities were reduced to 32 workable variations.  Table 4.2 of the Draft

This alternative is an attempt to pass the bulk of the stored water through the system
outside the growing and harvesting season.  The early spring release is reduced in time

release is low enough to avoid reflooding fields during the growing season.  The high
fall release is intended to evacuate the remainder of the water in the flood storage pool

The workability of this alternative varies with the length of the spring, summer, and fall
release seasons.  Since each variation of this alternative is capable of releasing a

represents a historic volume of water, just over half of the 1800 possible variations were
eliminated "volumetrically".  Other variations failed due to "timing" problems from large

number of "working" variations was reduced to 21 of which some of these failed in 1997.
However, since 1997 was such an unusual year, it was not allowed, by itself, to

Releases under the alternative shown in Figure 4.6 (p. 4-6 of Draft WCP) are set at
1800 cfs in March until May 1, or when the flood storage is completely evacuated.

summer months.  Then in September releases are again increased to 1800 cfs, if
needed, to evacuate the remaining water in the flood zone.  This plan managed well the

2.1.5 

This alternative has two variations: 1) Constant release with a November 15th target
date, and 2) Constant release with a March 15th target date.  This alternative maintains
as near a constant combined outflow as possible to arrive at November 15th or March
15th with both flood pools empty each year.  The computed outflow from each reservoir
is apportioned according to the percentage of its flood pool that is filled.  New
computations are made each day, taking into account new inflow, evaporation, outflow,
and the number of days remaining to evacuate the remainder of the storage.  A
"forecast replacement factor" (FRF) is used to exaggerate the degree of flood pool
storage which remains each day.  This takes the place of forecasting future inflows and
works surprisingly well.  It is effective and yet non-sensitive.  A value of 1.5 seemed to
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work best.  This alternative worked very well, and never exceeded 1100 cfs when
releasing.

flood storage in 1987 while it took 1000 cfs in 1997.

Figure 4.8 (p. 4-7 of Draft WCP) shows that by changing the target date to March 15 ,
and allowing winter releases, the maximum release in 1997 was reduced from 1000 cfs

th target date, to 700 cfs using the March 15  target date.

2.1.6 Flexible Release.

The flexible release alternative is dependent on changing hydrologic conditions from

planned agency meetings.  The plan selected for that particular year will be dependent
on the following criteria: a) the forecasted runoff into the reservoirs, b) by agency

has been developed to help understand these scenarios.  The flexible release
alternative has been separated into four typical runoff-year scenarios, (Figure 4.9, p. 4-8

• Low Flow Years - Combined inflow volume for water year 0 - 35,000 acre-feet
(AF).  This operation plan uses a constant release from both Pipestem and
Jamestown Reservoirs.

• Lower Medium Flow Years - Combined inflow volume for water year 35,000 -
90,000 AF.  This operation plan is defined as the existing plan at Jamestown
with a constant release at Pipestem.

• Upper Medium Flow Years - Combined inflow volume for water year 90,000 -
160,000 AF.  This operation plan uses the existing plan at both Pipestem and
Jamestown Reservoirs.

• High Flow Years - Combined inflow volume for water year exceeds 160,000
AF.  This operation plan is defined as the existing plan at both Pipestem and
Jamestown Reservoirs.

Further description of each year is included in the following paragraphs.

2.1.6.1 Low Flow Years.

In very low flow years where the water year runoff volumes range from 0 AF to 35,000
AF, very little snowmelt runoff occurs.  In low flow years enough runoff occurs from
snowmelt and rainfall to push the pool level at Jamestown Reservoir only a few feet
over the base of the joint use pool, and up to 10 feet over the base of the Pipestem
Reservoir flood pool elevation.  Low flow years are generally very dry years when
downstream flow augmentation is desirable for both environmental, water quality and
water supply reasons.  This is accomplished by giving priority to Jamestown releases,
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and where necessary, make releases up to the level called for by the existing plan.  The
existing plan calls for initial releases from Jamestown Reservoir of up to 450 cfs,
depending on inflow to Pipestem Reservoir.  Once Jamestown Reservoir pool levels
have been dropped to an acceptable level, minimum releases from Pipestem and
Jamestown are set to provide downstream low flow augmentation of 50 to 100 cfs.  The
amount of the release is determined by the water in storage following the spring
snowmelt, rainfall, and the length of time that the release would last.

2.1.6.2 Lower Medium Flow Years.

In medium flow years where water year runoff volumes range from 35,000 to 90,000 AF,
the existing plan is adequate to evacuate water stored in the Jamestown flood control
pool down to the top of joint use pool, by June 1.  During these same medium flow
years, Pipestem pool elevation generally peaks out at between 1455 ft-msl to 1460 ft-
msl.  At this elevation Pipestem contains approximately 15,000 to 24,000 AF or 11% to
20% of the flood pool.  Since the peak pool level generally occurs between the end of
March and the first part of April, this is enough water to provide a release of between 50
cfs to 100 cfs for up to 150 days or from April to August.

2.1.6.3 Upper Medium Flow Years

In upper medium flow years where water-year runoff volumes range from 90,000 to
160,000 AF, the existing plan at both reservoirs is desirable.  During upper medium flow
years the peak pool level at Jamestown, under the existing plan, generally falls between
elevation 1438 ft-msl and 1445.6 ft-msl.  Releases from Jamestown therefore remain at
the 450 cfs to 750 cfs level.  In these upper medium flow years the peak pool elevation
at Pipestem ranges from 1460 ft-msl to as high as 1483 ft-msl.  At elevation 1483 ft-msl,
Pipestem storage in the flood control pool, amounts to 80,000 AF.  This is
approximately 61% of the flood control storage.

Variables to consider during these years would be making higher releases than 450 cfs
out of Jamestown to avoid reaching elevation 1440 ft-msl which requires a 750 cfs
release.  This could take the form of a 550 cfs release at elevation 1436 ft-msl and a
650 cfs release at elevation 1438 ft-msl.  In this plan, Pipestem would be used to offset
any resulting additional downstream damage, by storing water in the flood control pool
and making a minimum constant release.  This plan would need additional modeling
and the amount of water that could be safely stored would have to be studied.

2.1.6.4 High Flow Years

Total runoff volume in high flow years would exceed 160,000 AF.  These are years
when the pool elevation at Jamestown exceeds 1445.4 ft-msl.  At this elevation, 50% of
the storage in the flood control pool at Jamestown Reservoir is occupied.  In these
years, the dominant objective in making releases becomes dam safety.  Due to the
design of Jamestown Dam, a release of 1800 cfs may be considered mandatory.  There
is no flexibility in the operating plan and the existing plan would be followed.
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2.2  ALTERNATIVES ELIMINATED FROM FURTHER CONSIDERATION.

2.2.1 Evaluation Criteria.

Alternatives were evaluated based upon the following criteria:

 Flood Damages.

annual urban damages, crop and other rural flood damages, impairment of recreation
activity, and damages to recreation facilities.  The expected annual flood damages were

damages were screened out of the analysis.

2.2.1.2 Environmental Impacts.

The operation of the reservoirs would have varied and complex impacts throughout the

impacts that would occur to the Arrowwood NWR upstream from the Jamestown
Reservoir, the Dakota Lake NWR and Sand Lake NWR downstream of the reservoirs.

be quantified.  Thus, these impacts were used in the screening.  Environmental impacts,
as well as the efficiency of the dams, are most pronounced in areas nearest the dams.

impacts of water release scenarios become “diluted” as the focus of evaluation
proceeds downstream.  At the mouth of the James River, releases from the dams may

2.2.1.3 

Dams located above populated areas are normally designed to pass a Probable
Maximum Flood (PMF) without overtopping the embankment.  Recent studies indicate

considered in the screening process. The screening process considered the impact that
any alternative would have on the potential for overtopping the dam.  Any alternative

eliminated.

Potentially the most significant impact of water management would be the issue of dam

focus on Jamestown Dam over Pipestem Dam is based on the relative size of water
discharge facilities (see section 2.4.2).  Comparing discharge capacities of the two

full pool level than Jamestown Dam.

2.2.1.4 Cultural and Archeological Impacts.
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Impact to cultural and archeological sites was initially selected as a preliminary
screening criterion.  As the analysis progressed, it was determined that this would not
play a significant role in evaluating the various alternatives.  Cultural resource sites are
primarily affected by streambank erosion.  During the analysis, it was determined that
the erosion potential would be the same for all the alternatives examined.  There would
be no way to select among the alternatives for this criterion.  For the reason, cultural
and archeological impacts were not used in the screening.

2.2.1.5 Erosion.

Impact on downstream erosion potential was selected as a preliminary screening
criterion.  However, erosion rates among all the alternatives are very similar.  None of
the alternatives provides any clear advantage, in relation to erosion potential.  Because
of the mild slope in the James River, the operation of the reservoirs would not have a
significant impact on erosion rates.  For these reasons, erosion was not used in the
screening.

2.2.2 Evaluation of Release Scenarios on Downstream Flood Damages.

Flood damages were determined for all the various alternatives, and variations for the
period of record - 1955 through 1997.  About 110 of the over 150 variations originally
identified were screened out during the economic analysis.  The 45 variations that
remained for further screening under other criteria are shown on Table 6.1 (p. 6.5, Draft
WCP).  The ten individual reaches shown on the table are described in more detail in
Section 4.7 and Table 18 of the Draft WCP.

Two hypothetical conditions were used for comparison purposes.  They are a “No
Release” condition, which, for study purposes, simply eliminates the area upstream of
the reservoirs as a flow contributor to the lower part of the basin; and the “Natural, pre-
project”, or no dams condition (free-flow).  These two conditions provide a bracket of
average annual damages, ranging from $4,123,490 for the "no release" condition to
$10,141,090 for the "natural" condition.  This range can be used to examine how each
of the release alternatives performs in reducing flood damages.

When compared with the "natural" conditions, all the alternatives provide significant
flood reduction benefits, with benefits in the $4 million to $6 million range annually.
When compared with the "no release" condition, the flood damages for the Existing
release pattern, the Variable release then constant minimum release, the Constant
release, and the Flexible release alternatives are all within 11% of the expected
damages under the "no release" condition.  The Existing release pattern (the current
operating plan) performs extremely well, with damages only 11% higher than the "no
release" condition.  The High early release, then reduced release, and the High spring,
low summer, then high fall release alternatives do not perform as well, although a few
variations of High early release, then reduced release alternative are within this 10%
range.
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As expected, the most significant damage reduction for all alternatives occurs in the first
reach, City of Jamestown.  In this reach the average annual damages (if no dams were
present) of $3,000,000 are nearly eliminated by the operation of the dams.  As one
moves downstream, the efficiency of the dams in controlling damages is reduced.

For the High Early Release alternative, four variations are shown in Table 6.1.  For this
alternative, the values shown in cfs would be released until the flood zone was
evacuated.  From that date forward, only inflows would be passed until the winter
release shutdown.

Under the High Early, then Reduced Release alternative, the first value shown would be
released up to the date where releasing the second value shown would evacuate the
remainder of the storage in the reservoir by November 15th.  For example, as shown in
the first column and row, 1800 cfs would be released up to the date where releasing
100 cfs would ensure that the reservoirs would be evacuated by November 15th.  For
both alternatives, there is minimal to no winter release.

The High Spring, Low Summer, then High Fall Release alternative would include
numerous variations of high spring and fall releases and low summer releases.  The
values shown in the first column for each variation indicate the month and amount of
release in cfs.  All releases would commence on the first of the month.  For example, as
shown in the first column and row of this alternative, on March 1st releases of 1800 cfs
would begin and continue until April 1st, when releases would be reduced to 100 cfs.
Then, beginning on August 1st, releases would be increased to 1800 cfs.

The Flexible Release alternative is a blend of the constant release plan and the existing
release plan.  The flexible release plan is an effort to take advantage of the downstream
benefits of making a constant low flow release during low flow years.  These benefits
would include water quality and fisheries enhancement, water supply augmentation, and
a small benefit to flood damage reduction.  During high flow years the flexible plan shifts
to the existing plan.  During high flow years the existing plan represents the best
balance between upstream interests (Arrowwood NWR and dam safety) and
downstream interests (flood damage reduction).

There is considerable variation by reach in determining which alternatives are most
effective in reducing flood damages.  All the alternatives were ranked individually by
reach.  The best five for each reach were identified.  The Constant release alternatives
were ranked among the top five alternatives for ten out of ten reaches.  The Existing
release pattern, and the Flexible release alternative were ranked among the top five
alternatives for nine of the ten reaches.   The Variable release then constant minimum
release was ranked among the top five in six of the ten reaches.  None of the other
alternatives or variations was ranked among the top five alternatives for a majority of the
reaches.
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The best alternatives, therefore, from a damage reduction viewpoint, would be the
Constant release, Existing release, Flexible release and the Variable release then
constant minimum release alternatives.  The alternatives were also evaluated for
environmental effects and dam safety.  The environmental evaluation and screening are
presented in Section 6.1.3 of the Draft WCP (p. 6-5).  The dam safety screening is
presented in Section 6.1.4 of the Draft WCP (p. 6-7).

2.2.3 Evaluation of Release Scenarios on Environmental Resources.

The environmental screening of the alternatives focused on the effects the alternatives
would have on Arrowwood, Dakota Lake, and Sand Lake National Wildlife Refuges.
The most important part of the analysis is the effects the operating alternatives would
have on the ability to manipulate the water levels in the pools on the refuges.  The depth
of water during certain times of the year is critical for several reasons:

• Water level manipulations increase the ability to maximize invertebrate
production.  Invertebrates are the main source of food for nesting waterfowl.
They are also one of the main sources of food for nesting and migrating
shorebirds.

• Sago pondweed is important in the diet and habitat of the migratory waterfowl
that use the refuges.  This plant grows in shallow, clear water, beginning in
early June.  It is therefore important that an optimum growth opportunity be
provided for this plant.

• Pools are managed for the maximum production of sago pondweed.
• Light penetration is the key to a successful crop of sago pondweed.
• Some birds build floating nests that are anchored to the vegetation in the

water.  If the water depth becomes too great during the nesting season, the
nests will break free and the birds will abandon them.

• Other birds nest on emergent vegetation and rising pool elevations will flood
the nests if the rises occur during nesting season.

• At the Sand Lake refuge, high flows and resultant water depths during the cold
weather season allow rough fish such as carp to enter and overwinter in the
refuge, thereby creating problems for more desirable species.

• Rough fish stir up sediment and decrease light penetration for sago pondweed
production.

• Pool elevations in Jamestown Reservoir above 1431.0 feet msl, the top of the
joint use pool, adversely affect the Arrowwood NWR’s ability to manage water
levels and meet habitat management objectives.  When the elevation of
Jamestown Reservoir exceeds 1436.4 feet msl, the refuge water control
structures are inundated and the refuge completely loses its water
management capabilities.

For the environmental evaluation, the Existing release pattern alternative is the baseline
condition.  The impacts of all the other alternatives are measured against the baseline
condition.  In general, the operating plans that resemble natural conditions provide more
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beneficial environmental conditions.  Natural conditions, or flow would consist of
snowmelt generated in the spring, lower summer flows and even lower fall flows.

The Variable release then constant minimum release alternative would create problems
in managing the Arrowwood refuge.  Because pool elevations would be raised in the
Jamestown project to store water for a constant release, the potential exists for high
water and flooding in the refuge.  This alternative would extend the period of moderated
river flows allowing rough fish to migrate upstream.  When the rough fish (largely carp)
enter the refuge ponds they compete directly with waterfowl by eating some of the same
underwater vegetation that is exploited by waterfowl.  In addition, the rough fish root in
the mud and cause elevated turbidity.  This, in turn, limits the penetration of light
through the water column.  Growth of submerged vegetation is inhibited by the
decreased light penetration, limiting the amount of food produced for waterfowl as well
as lessening the amount of floating vegetation that is used by some water fowl for
nesting.  Extending releases in to the fall would prohibit refuge managers from lowering
pools late in the year.  This would allow some ice damage (as bank erosion) during
freeze-up, damaging the pond banks and destroying bankline vegetation.  In addition,
the constant release component of this alternative, if it were made over the entire twelve
months of the year, would also create an even greater opportunity for rough fish the
enter and overwinter in the Sand Lake refuge.  This alternative does not support refuge
management very well and is considered undesirable.

The High early, then reduced release alternative would be more beneficial to the
Arrowwood refuge because the pool releases would occur early, before the sago
pondweed growing began.  The effects of this alternative are described as positive for
all impacted areas because it represents a condition that is most similar to natural
conditions.  Historically the spring snowmelt period provided the highest flow volumes
over a somewhat extended time period.  Summer storms may have caused high
temporary flow, but summer and fall flows would diminish.  The high releases could,
however, raise water elevations at the Sand Lake refuge, causing problems during the
critical period for sago growth.  This would vary depending on the late spring and
summer flow, for the particular year.  This alternative would support refuge
management in most years.  In extremely wet years refuge managers will have limited
water management capability due to the volume of water in the system.

Impacts for the High spring and fall and low summer release alternative would be
largely negative except that the high spring releases may allow more flexibility early in
the year for management at Arrowwood.  In addition, the high fall releases would create
the opportunity at Sand Lake for rough fish to enter and overwinter in the refuge.  This
alternative is not desirable for refuge management.

The Constant Release alternative is largely negative because it would inundate the
water control structures at Arrowwood for extended periods of time and severely impact
refuge operations.  The 12-month constant release variable will result in uncontrolled
rough fish populations at Sand Lake and Dakota Lake refuges.  The wetland habitat
values provided by refuge pools will be significantly degraded.  Habitat modeling
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indicates that approximately 70% of the habitat units available under the Existing Plan
would be lost under the Constant Release Alternative. The constant release alternative
is not a desirable alternative because of its severe impacts to Arrowwood NWR.

In general under the downstream water quality parameter, the impacts are positive for
those plans that would provide constant flows for a large part of the year.  This benefit
would accrue primarily during dry years when flows would otherwise approach zero.

If the effects to the refuges were significantly negative, mitigation would be required.  In
the case of Arrowwood refuge, this would mean the complete reconstruction of the
refuge at a location further upstream.  It is unlikely that the Sand Lake refuge would be
affected enough to require mitigation of that magnitude, however, mitigation costs could
still be high.  For this reason, those alternatives that would result in substantial
mitigation were screened out.

The Flexible Release Plan as proposed in Chapter Six of the Draft WCP would operate
quite similarly to the existing plan in most years. In years with high flows (over 300,000
AF), refuge management is limited by the sheer volume of water in the system,
regardless of the water release scheme.  The flexible release alternative has potential to
be as good, or possibly slightly better than the existing plan.  If priority were given to
maintaining Jamestown Reservoir levels below where they impede water management
at Arrowwood Refuge, it would be better served in the medium water years.  Due to its
similarity to the existing plan, and also to the flexibility of this plan, it is acceptable from
an environmental perspective.

Environmentally, the High early then Reduced and the Flexible alternatives have the
least detrimental and most beneficial aspects.

2.2.4 Evaluation of Release Scenarios on Cultural and Archaeological Resources.

As mentioned in Chapter 5, section 5.2, for purposes of evaluating cultural and
archaeological resources none of the alternatives under consideration represent what
could be a considered a major departure from our current operating plan.  Under each
alternative being considered, the timing of the releases may be altered to a small
degree but the same volume of water will be released.  The magnitude of the releases
will still fall within the range of 0 to 1800 cubic feet per second as prescribed in the
existing plan.  Even a high release of 1500 cubic feet per second does not even begin
to approach the flows that would occur without the dams in place.  Therefore, it is
unlikely that there would be any discernable difference between any of the alternatives.
In Table 6.2 this criteria is designated as a “no significant change” from the existing
plan.

2.2.5 Evaluation of Release Scenarios on Erosion.

As stated in Chapter 5, section 5.3, the velocity of the James River does not vary
greatly with discharge, and thus neither does the sediment transport capacity.  Also, the
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volume of water does not change from one alternative to the other.  Therefore, it was
concluded that there would be no discernable difference between any of the alternatives
for erosion analysis purposes.  In Table 6.2 this criteria is designated as a “no
significant change” from the existing plan.

2.2.6 Evaluation of Release Scenarios on Dam Safety.

There is a hazard-to-life condition if a flood event occurs that causes overtopping of a
dam embankment.  Dams located above populated areas are normally designed to
safely pass a Probable Maximum Flood (PMF) without overtopping the embankment.
The PMF is estimated using probable maximum precipitation estimates developed by
the National Weather Service.  Recent studies indicate that Jamestown Dam cannot
safely pass the PMF without being overtopped.

A peak inflow of 110,000 cfs and a volume of 589,500 acre-feet characterize the PMF
for Jamestown Dam.  The total storage available in the flood control and surcharge
zone of Jamestown Reservoir is 344,300 acre-feet.  Floods exceeding 91% of the PMF
will overtop the embankment of Jamestown Dam.  The probability of overtopping of the
Jamestown Dam embankment is very remote; however, the consequences of failure
would be catastrophic.

The Bureau of Reclamation to determine the appropriate measures needed to mitigate
the effect of the potential overtopping condition conducted a dam safety evaluation
study.  Options considered were raising the dam embankment, constructing a larger
spillway, and installation of an early warning system.  The risk reduction impacts of
these modifications are being reviewed in a risk analysis to be completed in calendar
year 2000.  Potential future risk reduction activities will depend upon the results of the
risk analysis.

For purposes of this Draft Water Control Plan, an evaluation was made of the impact of
alternative operating plans on the potential for overtopping of the Jamestown Dam
embankment.  The Existing release pattern is considered the baseline dam safety plan
and any alternative that causes significant increases in potential for overtopping is
considered unacceptable.  This evaluation indicates that Variable release then constant
minimum release alternative results in no significant change.  The High spring and fall
and low summer release and the Constant release alternatives would result in
significant increases in potential for overtopping (a reduction of capability to contain the
PMF from 91% to 80%).  The High early, then reduced release alternative results in a
reduction in potential for overtopping.

2.3   SUMMARY

2.3.1 Alternatives Eliminated From Further Consideration.

Four alternatives were eliminated from further consideration.  The Variable, then
Constant Minimum Release, High Spring and Fall and Low Summer and the Constant
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Release alternatives were screened out due to the significant potential environmental
impacts and the resultant mitigation requirements they would have at Arrowwood NWR.
The Variable Release then Constant Minimum Release alternative has damage
reduction potential similar to the Existing Release alternative.  Both forms of the
Constant Release alternative provided a reduction in flood damages.  In addition,
expected annual flood damages and the potential for overtopping the Jamestown dam
would increase significantly if the High Spring and Fall and Low Summer Release
alternative were implemented.  The High Early, then Reduced Release alternative was
screened out because it would significantly increase the expected annual damages.

2.3.2 Alternatives Carried Forward.

The Existing Release and the Flexible Release alternatives were carried forward for
detailed analysis.  The Flexible Release alternative has the potential to improve on the
Existing Release pattern as efforts continue to seek ways to optimize the operation of
Jamestown and Pipestem Reservoirs.

2.3.3 Final Screening and Plan Development.

The following are or can be affected by the manner in which the projects are operated:

• Cultural Resources
• Threatened & Endangered species
• Fish and Wildlife along the River
• Socio-Economic Inputs
• Water Quality
• River & Reservoir Fisheries
• Arrowwood NWR
• Jamestown Project
• Pipestem Project
• City of Jamestown
• Farms between Jamestown and Dakota Lake NWR
• Dakota Lake NWR and Sand Lake NWR
• Farms and communities downstream from Sand Lake NWR

The operating considerations for the reservoirs are very complex.  In many instances,
the affected interests' requirements for the operation of the reservoir are in direct conflict
with one another.  Maximizing the environmental benefits, for instance, would dictate
that the reservoir be operated to reflect natural flow conditions.  This natural flow
regime, however, would significantly increase flood damages downstream from the
reservoirs by increasing the spring and early summer flows.  On the other hand,
maximizing flood damage reduction benefits would dictate that flood flows be held in the
reservoirs to the maximum extent possible.   Operating in this manner would destroy the
Arrowwood NWR.  Any plan that would increase pool elevations in the Jamestown
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project would increase the potential for overtopping.  All of these factors create
considerable difficulty in formulating and evaluating operating alternatives.

It is apparent from the preliminary evaluation and screening that each of the alternatives
has both positive and negative effects.  Since the initial construction of the two
reservoirs, the operational criteria and rules have been modified and adapted to fit new
conditions or revised criteria.  The Existing Release pattern is a reflection of that
adaptive process and it can be surmised that this plan is approaching the ideal or
optimal manner in which the project could be operated.

This is not to say, however, that the Existing plan cannot be improved.  In conducting
the analysis, several key interests, variables and components were identified.  It is
possible to identify those key variables and to tailor a plan to best meet the varied
interests' expectations.  The Existing plan was carried forward into the final screening to
be the baseline release pattern and to reflect the near optimum operational plan.  The
Flexible Release alternative was carried forward into the final screening in order to
facilitate the development of a plan that satisfies as many expectations as possible.  It
has the potential to limit the negative impacts on all effected entities to the greatest
practical extent.  It is very likely that this Flexible Release alternative will reflect
modifications of the Existing Release pattern.

2.3.4 Final Plan Development

The final analysis of alternatives is based upon the alternatives carried forward, the
Existing Plan and the Flexible Plan. Further refinement of the Flexible Plan has resulted
in the formation of two variations, A and B. Thus, three plans are considered.

Both variations of the flexible plan improve on the existing plan in two major aspects.
The flexible plans preserve and in most years increase the flood control benefits of the
two reservoirs.  This is accomplished by reducing the magnitude of release during low
and lower medium runoff years to as near a constant release as possible.  Instead of
releasing a combined 450 cfs that is automatically called for in the existing plan
irregardless of the type of runoff year, the flexible plans allow for a much lower
discharge in lower flow years where the higher release in not called for.   This reduced
release results in lower damages especially in the Lake Plain Region of South Dakota
where channel capacity is severely limited.

In addition both variations of the flexible plan provide environmental benefits by giving
increased priority to flood storage evacuation at Jamestown Reservoir and reducing
impacts to Arrowwood NWR, just upstream of Jamestown Reservoir.  Each flexible plan
accomplishes this in distinctly different ways.  Flexible A adds additional release
increments between 450 cfs and 750 cfs at Jamestown Reservoir.  Flexible B reduces
Pipestem releases to zero (0) up to elevation 1470 ft, msl allowing Jamestown
Reservoir to release a full 450 cfs.  A secondary environmental benefit results from
extending a lower constant release during dry years improving in-stream flows and
water quality.
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3 AFFECTED ENVIRONMENT

The James River basin occupies about 14,000 square miles in eastern South Dakota,
and another 8,000 square miles is in south central North Dakota. The basin width
averages about 90 miles wide, but the length is 370 miles. The basin in South Dakota is
bounded by the Missouri River drainage to the west and the Big Sioux and Vermillion
River basins to the east and southeast.

The James River is the longest of the prairie streams in the Missouri River drainage.
From its headwaters in North Dakota it flows southward for a distance of 747 river miles,
474 miles of which are in South Dakota.

The basin is located in the Drift Prairie section of the Central Lowlands Physiographic
Province. The landscape ranges from almost level to undulating and rolling with
numerous wetland and Lake Basins.

A considerable amount of the basin area is poorly integrated and noncontributing. A few
of the larger and deeper depressions contain water most of the time.

The James River has the flattest gradient of any river its length in North America. The
river falls only about 135 feet along its entire 474-mile course in South Dakota. Water
takes over 3 weeks to travel the length of the state during flood periods and much
longer during normal flow conditions.  As a result, flood duration along the James River
mainstem is very prolonged.

The upper James River above Jamestown Reservoir in North Dakota is intermittent and
incised into glacial drift. At the South Dakota border the river enters a large, flat area
covering about 2,000 square miles which is known as the Dakota Lake Plain. Here, the
stream gradient flattens drastically, and the channel in several reaches nearly
disappears. Because of this situation, a unique hydrologic phenomenon occurs during
periods of high runoff. Due to the much steeper gradients of entering tributaries high
tributary discharges enter the main stem at rates far in excess of the ability of the flat,
small main stem channel. This causes floodwaters in the main stem to flow northward
(reverse) at the junctions of at least three tributaries and create substantial flows. The
highest reverse flows of record were recorded at Columbia, located just upstream from
the confluence with the Elm River, and at Ashton, located upstream from the confluence
with Snake Creek. Respective reverse discharges were 1,860 c.f.s and 2,100 c.f.s.,
flows well in excess of the capacity of the main stem channel. Due to low gradient and
ponding, drainage of floodwaters from the lake plain takes several weeks. The outlet is
located in a constricted part of the James River valley about 12 miles south and 12
miles east of Redfield.

Downstream from the lake plain to its confluence with the Missouri River, the James
River valley is well incised into glacial drift, and drainage is somewhat better but still
sluggish. The stream gradient is steeping slightly, but is still very low, averaging 3 to 4
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inches per mile. Flows are intermittent to about the Mitchell area, but high flows from the
larger tributaries also create backflows. During high flow years local landowners are
concerned about being "flooded from the south" in the Huron to Forestburg river reach.
Bluffs mark the edges of the valley and may extend about 200 feet above the river
channel.

3.1   CLIMATE

The climate of the James River basin is classified as subhumid continental. Warm
summers, cold winters and wide daily and day-to-day temperature extremes
characterize this climate type. Precipitation tends to be irregular from year to year.
Periods of drought and excessive precipitation are typical. Average annual amounts
vary from 19 inches at Aberdeen to over 22 inches at Mitchell. About 75 percent of the
precipitation falls during the growing season from May through September. Snowfall
amounts vary greatly from year to year. Annual averages range from 32 inches at
Aberdeen to 35 inches at Mitchell.

In terms of temperature, July is the warmest month and January is the coldest. Mean
daily average temperatures in January (in degrees Fahrenheit) range from 14 degrees
at Mitchell to 8 degrees at Aberdeen. Mean daily average temperatures in July are 76
degrees at Mitchell and 72 degrees at Aberdeen. Extremes of over 110 degrees in
summer and below -30 degrees in winter have been recorded in the study area.

The average growing season varies from less than 125 days in the north to 150 days in
the south. The amount of lake evaporation on an annual basis is between 34 and 37
inches.

3.2   RESOURCES OF THE JAMES RIVER BASIN

3.2.1 National Wildlife Refuge System.

Arrowwood and Dakota Lake NWR’s are located on the James River in east-central and
southeastern North Dakota.  Arrowwood Refuge is located about 20 miles north of
Jamestown.  Sand Lake NWR begins about three miles south of the North Dakota
border and is nearly 20 miles long.  The flat gradient of the James River has made for
easy development of large, shallow, riverine pools and lakes with high wildlife values by
construction of low level dams and levees.

The U. S. Fish and Wildlife Service has provided the following discussion of the
management goals and water control needs at each of the refuges.

3.2.1.1 Arrowwood NWR.

Arrowwood Refuge was established in 1935 as a refuge and breeding ground for
migrating birds and other wildlife.  It consists of three natural lakes that have been
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adapted by the installation of water control structures.  An additional area, the DePuy
Marsh has been developed for the management of a moist soil habitat.

To meet the established habitat management goals and objectives for Arrowwood
NWR, maximum flexibility is needed to manage the Refuge impoundments from top to
bottom throughout the year.  This flexibility should be achieved (in typical water years)
when mitigation features are in place and operational.  Pools will be managed according
to the revised long-range water management plan.

Low to Moderate Water Conditions: Under limited to moderate James River flows,
water is stored in the Refuge pools in the spring until targets are reached in the upper
pools.  Arrowwood and Jim Lake will be managed as sago production areas while Mud
Lake and the DePuy Marsh system will be managed as moist soil units.  Water in
Arrowwood Lake will also be used as a reservoir to support downstream moist soil
objectives.  Target elevations for all pools are listed by month in the revised plan.

Mud Lake will be managed as a moist soil unit on a 4-year rotation with total drawdown
every 4th year to allow for mechanical manipulation of vegetation if necessary.  During
non-drawdown years, levels will be targeted to encourage moist soil plants and also to
provide quality habitat to coincide with migration of shorebirds and waterfowl through
the area.

DePuy Marsh is divided into three subimpoundments.  Management of DePuy Marsh
will focus on season-long habitat and will be scheduled on a 3-year rotation for each of
the three subimpoundments.  The rotation is designed to provide differing habitats
(brood-rearing/loafing ponds, quality foods etc.) for migrating birds during the spring and
fall.  Each subimpoundment will be dried out every 3rd year to allow for mechanical
manipulation if warranted.

High Water Conditions: Under high water flow conditions (flood conditions) water will
be evacuated as quickly as possible.  Structures will be left wide open in an attempt to
obtain target elevations.  If target elevations are reached in a timely manner, pools will
be managed according to the long-range plan.

A mitigation plan that will provide for the installation of additional water control
structures and channels has been devised to provide greater management flexibility at
Arrowwood Refuge.  Construction is currently in progress.  The above management
plans are dependent upon all features of the mitigation plan being in place and
functional.

3.2.1.2 Dakota Lake NWR.

Dakota Lake NWR is located on James River in southeastern Dickey County, North
Dakota.  The Refuge is an easement Refuge of 2,784 acres.  Dakota Lake Dam (also
called Ludden Dam or State Line Dam) is located on the Refuge approximately 1/2 mile
north of the South Dakota border.  The dam elevates the level of Dakota Lake
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approximately 1 foot, creating a 1,000-acre pool in the floodplain and flooding old river
meanders located west of Ludden and south of Oakes.  The backwater areas produce a
variety of submerged and emergent vegetation and are high quality over-water nesting
areas and brood-rearing sites, and provide resting areas for migrating waterfowl and
other migratory birds.  During migration the numbers of Canada geese, snow geese,
mallards, and a variety of other waterfowl have at times exceeded 100,000 birds on the
Refuge; however, the average daily population is considerably less.  Migrant shorebirds
using the James River as a migration corridor far exceed waterfowl use on low water
years when mudflats are exposed.

Low to Moderate Water Condition: Management of water levels at Dakota Lake is
focused toward providing breeding, nesting, and brood-rearing habitat in the backwater
areas adjacent to the channel, and providing loafing and feeding areas for migrant
waterfowl and shorebirds later in the summer and in the fall.  To accomplish those
goals, an ideal water condition would be high water during the spring and early summer,
then lower water conditions in August, September, and October to expose mudflats and
provide roosting and feeding habitat.

Some variability in water regimes is also desirable.  Occasionally, during low flow years
the Service focuses on drying the river channel out to help control carp, recycle
nutrients tied up in bottom sediments, and allow vegetation to establish on the exposed
mudflats.  If waterfowl disease such as botulism or fowl cholera breaks out in migrant
birds, water levels may be increased in Dakota Lake to minimize losses.

For many years water level management at Dakota Lake NWR has not been adequate
to fully meet the Refuge's habitat management objectives.  During the summer of 1998,
the water control structure, which had not been functional for 50 years, was
rehabilitated.  The structure provides limited ability to pass water in the 50-70 cfs range.
Under normal to low water conditions, the rehabilitated structure provides the ability to
manage water levels and to more effectively achieve the management objectives at
Dakota Lake NWR.  The Service is currently evaluating opportunities to further enhance
seasonal water level management operations.  Management plans, goals, and
objectives may change as this evaluation progresses.

High Water Conditions: Dakota Lake Dam provides limited storage capacity during
high flow years such as 1998 and 1999.  During the last 2 years, very high spring flow
conditions persisted well into the summer.  Water levels in the Refuge dropped slightly
during the mid-summer period and then were elevated throughout much of the fall.
Under high flow conditions, Refuge management capabilities are basically limited to
passing inflows downstream.  Flows that mimic the natural hydrograph appear to be
most beneficial to Dakota Lake NWR.

3.2.1.3 Sand Lake NWR.

Sand Lake NWR, located 30 miles northeast of Aberdeen, South Dakota, consists of
approximately 21,500 acres of marsh, shallow open water habitat, and upland habitat.
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It contains two shallow natural pools that have been equipped with water control
structures to enhance water level management.

Water Management Objectives at Sand Lake NWR:

• Pass spring flows as quickly as possible to reach full pool level (FPL) prior to
the initiation of over-water nesting (~May 15).

• Provide stable to slowly decreasing water levels from mid-May through mid-
August to prevent flooding over-water nesting birds.

• Have the ability to draw Refuge pools down in May and maintain those low
levels through the summer (periodically - not every year).

• Ability to draw Refuge pools down to 1 foot below FPL prior to November 15 of
each year.

Low Water Conditions: Hold enough spring runoff flows to get Mud and Sand Lakes
up to FPL if possible.  Hold water in pools throughout the summer, unless a drawdown
is warranted in one or both pools.  Prior to November 15, ensure that the water levels in
the pools are down to 1 foot below FPL.

Moderate Water Conditions: Pass spring flows as quickly as possible to get down to
near FPL by early May.  Continue to pass any inflows during the summer to maintain
steady to slightly decreasing water levels through August 15, unless a drawdown is
warranted in one of the pools.  Ensure that the water levels in the pools are down to 1
foot below FPL prior to November 15.

High Water Conditions: Pass spring flows as quickly as possible to try to attain FPL by
early May.  If this cannot be reached, continue to pass flows through until we reach
FPL.  Continue to pass inflows to maintain stable water levels through August 15.  Try
to get pools down to 1 foot below FPL prior to November 15.

3.3   WATER QUALITY

Before Arrowwood NWR was established, shallow, slowly draining wetlands served as a
natural wildlife area in this flat terrain.  The primary factors affecting water quality were
hydrology and natural impediments to drainage.  After the refuge dikes and control
structures were built, deeper and more permanent wetlands formed.

The refuge pools are eutrophic and highly productive.  External nutrient inputs include
agricultural runoff, bird droppings, and decaying plants and rough fish.  At times, the
refuge serves as a nutrient sink.  At other times, the converse is true, and excess
nutrients are exported from Arrowwood NWR to Jamestown Reservoir.

Backwater effects of Jamestown Reservoir became apparent after the reservoir first
filled in 1965, resulting in a further increase in refuge pool depths.  In particular, flood
control operations result in prolonged periods of high water at the refuge during the
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spring and early summer.  This period is critical for the establishment of submerged
aquatic plants such as sago pondweed.  High water, in combination with turbidity, limits
light availability for plant growth.  Blue-green algae usually dominate in years when
submergent plants do not become well established.

3.3.1 Upper James River.

Water quality upstream depends on the flushing and hydrology of the watershed.
Snowmelt and large rainfall events flush the watershed.  Periods with little or no flow are
frequent, and the river may dry up entirely during a drought.

3.3.2 Arrowwood NWR.

Annual water quality patterns at Arrowwood NWR are typical of shallow lakes in the
pothole region of North Dakota.  The depth of the refuge pools and the resulting warm
temperatures and light availability for photosynthesis are primary factors affecting
productivity.  Usually, highly productive summer conditions are followed by anoxic
winter conditions due to shallow depths and freezeout.  During summer, respiration,
photosynthesis, and mixing due to wave action can cause dissolved oxygen to fluctuate
widely on a daily basis.  During winter, limited photosynthesis and decaying organic
matter under the snow and ice frequently deplete dissolved oxygen.

Concentrations of nutrients are similar to values reported from other refuges in North
Dakota and South Dakota.  Major constituents, chlorophyll a, pH, conductivity, and
dissolved oxygen show seasonal variations consistent with data reported from other
prairie wetlands.  An examination of trace elements in the water column revealed the
presence of elements (arsenic, selenium, mercury, and lead) that can, in high
concentrations, cause reproductive problems in waterfowl.  However, the concentrations
of these elements at Arrowwood NWR are low and should not pose a threat to aquatic
biota.

Trace elements present in the sediments at Arrowwood NWR are considered to be
naturally occurring, with the exception of arsenic.  Elevated arsenic levels may be the
result of treatments for grasshopper infestations during the 1930's.  Although some
persistent organic compounds (e.g., pesticides) have been detected in sediment
samples from Arrowwood NWR, the concentrations were found to be within acceptable
limits.

3.3.3 Jamestown Reservoir.

Water quality of Jamestown Reservoir depends on nutrient and organic loadings from
Arrowwood NWR and flushing flows from snowmelt and large rainfall events.
Jamestown Reservoir can receive excess nutrients and organic loadings at critical
seasonal periods.  Nutrients stimulate algal production.  Organics flushed into the
reservoir and settling decaying organic matter, largely from algal production, deplete
dissolved oxygen in the lower layers if flushing flows are not sufficient.  Residence time
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of the water in the reservoir, a primary factor affecting water quality, varies from months
to years.  Water quality of Jamestown Reservoir can become marginal during droughts
when flushing is minimal.

3.3.4 Lower James River in North Dakota.

Water quality of Jamestown Dam tailwater is a function of reservoir water quality and
the amount of water released.  Releases with poor quality, point and nonpoint sources
of loadings, and stagnation due to low flows can result in poorer tailwater quality.  Water
impounded at Arrowwood NWR and Jamestown Reservoir reduces flows in the lower
James River during low runoff years.  As the distance from Jamestown Dam increases,
the effect of reservoir releases on downstream water quality decreases.  (Arrowwood
NWR FEIS, 1997)  The City of Jamestown is within the area affected by stagnant flows,
especially during very low flow periods.

State programs for management of water quality in the James Basin are closely tied to
Federal water pollution control, laws, and policies, which provide for minimum standards
and various incentives as well as penalties for violations. The basic goal of the Federal
program, and the states as well, is to protect water for beneficial purposes, and
upgrading the water quality of degraded lakes and streams to restore fishing and
swimming values.

The water quality objectives of South Dakota are to monitor water quality, to identify and
resolve water quality problems, provide for water pollution control, and achieve and
preserve water quality for beneficial purposes. Major programs include the Surface
Point Source Control Program (EPA construction grants program), the Non Point
Source Program, the Feedlot Program, the Ground Water Protection Program, the
Diagnostic/ Feasibility Studies, and the Surface Water Monitoring Program (SDDENR,
1990, in COE 1992).

3.4   JAMES RIVER FISHERIES.

3.4.1 Arrowwood NWR.

Sport fisheries are not actively maintained by FWS on NWR's in the James River basin,
including Arrowwood NWR.  Actively managing for sport fisheries would conflict with the
wildlife objectives for which the refuges were established.  Sport fisheries would also
create ideal habitat conditions for the survival of carp, which degrade wetland habitat for
migrating and nesting waterfowl.  Arrowwood NWR manages water levels to the extent
possible to create winterkill conditions that limit carp survival as well as sports fisheries.
Lowering the water levels during summer at Arrowwood NWR also limits the suitability
of fish habitat.

3.4.2 Jamestown Reservoir.
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Jamestown Reservoir is a locally important sport fishery.  Fish populations are typical of
northern reservoirs with sport fish such as northern pike, walleye, yellow perch, crappie,
and smallmouth bass.  Abundant nonsport species include black bullhead, white sucker,
carp, and bigmouth buffalo.

Natural reproduction of game fish is limited due to the lack of suitable habitat.  An
annual stocking program of primarily walleye and northern pike has been conducted.
Introductions of spottail shiners and fathead minnows have been made to supplement
the existing forage base.  Shoreline areas are also planted with millet during drawdowns
to create fish spawning and rearing habitat.

3.4.3 Lower James River.

In-channel debris, primarily fallen trees, provides a major component of instream cover
within the wooded riparian sections of lower James River.  Low head dams located at
Jamestown, Ypsilanti, Grand Rapids, and LaMoure provide deep pool habitats, which
serve as important fishery refuges, particularly during low flows and winter months.  The
riffle areas located downstream of these dams provide spawning habitat and substrate
for macroinvertebrates.

Species diversity in the lower James River is greater than in the upper James River.
Sustained flows in this segment of the James River reduce summer stress and
winterkill.  NDGF surveys from 1983 to 1988 reported 29 species of fish in the lower
James River.  Sport fish species that are relatively common include northern pike and
yellow perch.  Walleye and crappie are also common in localized areas.  Abundant
nonsport fish species consist of carp, white sucker, black bullhead, tadpole madtom,
orange-spotted sunfish, Johnny darter, and sand shiner.  Other species include Iowa
darter, bluegill, largemouth bass, common shiner, spottail shiner, blacknose dace, creek
chub, fathead minnow, golden shiner, river carpsucker, bigmouth buffalo, shorthead
redhorse, channel catfish, brook stickleback, gizzard shad, goldeye, freshwater drum,
and shortnose gar.  Species diversity increases in a downstream direction.  The lower
James River in North Dakota is not intensively managed as a sport fishery. (Arrowwood
NWR FEIS, 1997)

The fish assemblages change downstream in response to flow and other habitat factors.
Generally they become more diverse downstream (Hansen, 1981; Frederickson and
Houtcooper, 1985, in COE 1992).

In the silt and muck channel bottoms of the lake plain, dominant large fishes are black
bullhead and carp, with smaller numbers of northern pike, walleye, perch, bluegill, black
and white crappie, yellow bullhead, buffalo, river carpsucker, and white sucker.

In the Redfield to Forestburg reach of the river, the same species of fish occur, but there
are greater numbers of large, predatory fish species such as channel catfish, northern
pike, walleye, crappie, perch, shortnose gar, and largemouth bass. Gizzard shad are
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more common in this part of the river as are freshwater drum, buffalo, and yellow
bullhead.

Below Mitchell to the mouth there is greater habitat diversity in the form of hardbottoms,
overhanging tree cover, snags, tributary confluences, and low-head dams.

Fish winterkills are common in refuge impoundments, and in the lake plain pools and
free flowing reaches.  In shallow refuge ponds this serves to control damage caused by
carp. Stresses on fish populations in the river are principally related to loss of dissolved
oxygen in winter as a result of accumulation of nutrients and decomposition of
vegetation. Loss of dissolved oxygen tends to be more severe in shallow water than
deep water and tends to occur during periods of no flow. The deeper low head
reservoirs (James Diversion and Rockport) provide overwintering sites for fishes, and
some aeration of the water column occurs at the dams during times of low flow. The low
head dams also can be partial barriers to fish movement. (COE 1992)

3.5   RIVERINE WETLANDS

Riverine wetlands include the active stream channel, associated oxbows, and shallow
depressional basins. The active channels may include deep pools and shallow riffles of
flowing water habitat. Oxbows and depressions are shallower and only receive water
during floods. They may dry up for extensive periods and are typically dominated by
seasonal or shallow marsh vegetation. Recharge tends to depend on river flooding,
especially on the heavy silt and clay soils of the lake plain.

Vegetated portions of riverine wetlands have structure and functions similar to those of
prairie basin wetlands. The active channel and oxbows have seasonal and
semipermanent vegetation zones, and in addition, may have extensive zones of
submergent vegetation where there is slow moving, deep water.

Riverine open water areas and vegetated areas provide breeding habitat for several
species of birds. Common species include the belted kingfisher, wood duck, hooded
merganser, green heron, great blue heron, common yellowthroat, spotted sandpiper,
bank swallow, and long-billed marsh wren. The solitary sandpiper, hooded merganser,
and common goldeneye appear to select riverine wetland systems for migration habitat.
Emergent wetlands along rivers also provide important wintering areas for the
ring-necked pheasant.

Riverine wetlands support a diverse and abundant group of mammals.  They are
extensively used by beaver, muskrat, and mink. Eastern cottontails, mice, and shrews
inhabit the brushy fringes and bordering grasslands and all carnivore species forage
and seek cover along these wetlands. White-tailed deer, tree squirrels, and gray fox are
most often associated with the wooded riverine system.

In addition to providing important fish and wildlife habitat, riverine wetlands also provide
water storage for spring runoff and excess precipitation, allowing its gradual release to
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the watershed. Drainage of wetlands releases water downstream in larger quantities,
which can potentially create damages to crops and property which were previously
flood-free. (COE 1992)

3.6   TERRESTRIAL LIFE.

Vegetation within the James River basin is characteristic of prairie river systems.
Riparian woodlands, wetlands, prairie, and cropland provide a diverse habitat for
resident and migratory wildlife species.  The James River flood plain is dominated by
grasslands typical of a mixed grass prairie, with some interspersed riverine wetland
habitat.  Riparian vegetation is limited adjacent to the river, as is woody vegetation in
coulees and draws entering the flood plain.  Planted shelterbelts within the flood plain
also provide cover for upland game species.  During a 1987 spring survey, a total of 94
avian species were observed.

The James River corridor serves as a major migration route and breeding ground for
thousands of geese and ducks as well as numerous “neo-tropical migrants”.  These
latter species include many of the songbirds.  Canada geese, snow geese, white-
fronted  geese, blue-winged teal, American widgeon, lesser scaup, hooded merganser,
redhead, and canvas back are common in the James River Basin.  Wood ducks,
mallards, grebes, cattle egrets, great blue herons, black-crowned night-herons, were
observed during a field trip in September of 1999.

Game and non-game avian species observed during spring 1987 included: ring-necked
pheasant, sharp-tailed grouse, gray partridge, mourning dove, upland sandpiper,
bobolink, Baird's sparrow, western meadowlark, and chestnut-collared longspur.  Other
avian species associated with riverine and wetland habitat which were observed
included: great blue heron, American bittern, red-winged blackbird, sora rail, American
coot, yellow rail, LeConte's sparrow, and sharp-tailed sparrow.

White-tailed deer is the major big game species found in the James River basin.
Populations have increased Statewide over the past 30 years and reached near record
levels in the late 1980's.  The eastern cottontail is common where sufficient woody
vegetation provides adequate habitat.  Major furbearers in the James River basin
include mink, muskrat, beaver, raccoon, red fox, and coyote.  Other mammalian species
such as weasels, badgers, striped and spotted skunks, and jackrabbits also inhabit the
area.

Tiger salamander, Great Plains toad, Dakota toad, leopard frog, snapping turtle, painted
turtle, plains garter snake, and prairie skink are some of the common reptiles and
amphibians that inhabit the James River basin.  (Arrowwood NWR FEIS, 1997)

3.7   THREATENED AND ENDANGERED SPECIES

FWS has provided a list of threatened and endangered species, which could be found in
some portion of the study area. A species possible presence in a particular area is
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indicated by “ND” for North Dakota, “SD” for South Dakota, and “MR” for those that
would be present in the Missouri River in the vicinity of the mouth of the James River.
Each of the species' distribution and habitat requirements is discussed in the following
paragraphs.

3.7.1 Bald Eagle (ND, SD, MR).

Bald eagles have increased in abundance along the James River in recent years.
Nesting building activity has been observed in some places, and many birds pass
through the study area during migration and winter near open water where large trees
provide roost sites. Bald eagles are common at Arrowwood NWR during migration and
one or two may annually winter in the area.  The primary period for bald eagles at
Arrowwood NWR extends from November through February. Nesting typically occurs in
large trees located near open water.

The James River is an important north-south migration corridor for many birds.

3.7.2 Whooping Crane (ND, SD, MR).

The last whooping crane nest in North Dakota was reported in McHenry County in 1915,
but cranes may pass through any part of the State during migration.  Most whooping
crane sightings occur in the western two-thirds of the State.  There were eight sightings
of whooping cranes in North Dakota during the 1991 fall migration.

3.7.3 Piping Plover (ND, MR).

In North Dakota, there are historic breeding records from 28 counties, and the statewide
population was estimated at 472 breeding pairs in 1991.

The piping plover breeds in Stutsman County, North Dakota as well as on exposed
sandbars along the Missouri River.  Piping plovers use Arrowwood NWR during
migration and nest there when habitat conditions are suitable.

3.7.4 Topeka Shiner (SD).

The Topeka shiner was added to the endangered species list in 1999.  Its current
distribution includes small headwater tributary streams associated with the Missouri
River system in Kansas, Missouri, Iowa, Nebraska, South Dakota and Minnesota.
These streams are characterized by high water quality, cool temperatures, clean gravel,
cobble and sand bottoms. In the James River Basin it is recorded from a few tributaries
in the southern half of South Dakota.  It is also present in the Vermillion and Big Sioux
watersheds of South Dakota.

3.7.5 Interior least tern (MR).
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The Interior least tern nests in colonies on islands, sandbars, and occasionally shoreline
areas, which are mostly sandy, devoid of vegetation and within a foot or so of prevailing
water surface levels. The areas used are near fresh flowing rivers or fresh water ponds
or lakes, where fish are available for food.  Reported nesting occurs on islands in the
Missouri River, including areas near the confluence with the James River (Backlund,
personal communication). There are no reports of nesting activity along the James
River, but it may be found near the confluence of the James River and the Missouri
River.

3.7.6 Pallid sturgeon (MR).

The Pallid sturgeon requires large, turbid, free-flowing riverine habitat with rocky or
sandy substrate.  It dwells on the bottom and inhabits areas of swifter water than does
the related Shovelnose sturgeon.  The Pallid sturgeon is one of the largest fish found in
the Missouri-Mississippi drainage with specimens approaching 85 pounds being
reported.

3.8   CULTURAL RESOURCES.

The North Dakota portion of the study area is within the James River study unit of the
Archeological Component of the North Dakota Comprehensive Plan for Historic
Preservation.  Data from the area indicate human occupation during both the precontact
(prehistoric) and postcontact (historic) periods.  The precontact period applies solely to
Native American history, while the postcontact period includes both Native American
and Euro-American history.  The precontact occupation began with the Paleo-Indian
period (12,000 to 7,500 BP), and extended through the Archaic (7,500 to 2,500 BP),
Woodland (2,500 to 1,000 BP), and Plains Village (1,000 BP to AD 1750) periods.  A
variety of archaeological sites and surface finds provide evidence for precontact
occupation.  Cultural material scatters, stone rings, burial mounds, villages, and bison
kills are among the more common potential precontact site types in the area.

The post contact period began with the appearance of the Euro-American explorers and
associated trade goods in the area (about AD 1750 to the present).  Most of the
evidence for this period relates to homesteading and agribusiness.  The area
surrounding the James River was homesteaded by people of Eastern European
descent who made their living in agribusiness.  Postcontact (historic) period sites
consist primarily of those material remains associated with agribusiness.  Among the
more common site types are farmsteads, homesteads, dugouts, rural communities,
bridges, schools and railroads.

Properties of traditional religious and cultural importance to Native Americans deserve
special mention.  These resources can qualify for inclusion in the National Register of
Historic Places (the 1992 amendments to NHPA).  The presence of several historic
Native American tribes in the area at various times is known, predominantly various
bands of the Lakota, Dakota, and Yanktonai Sioux.  Given the presence of Native
American groups in the area during the postcontact period, coupled with the proximity of
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the Devil's Lake [Spirit Lake] Sioux and Sisseton-Wahpeton Dakota Reservations, these
resources may be present.

Cultural resource sites recorded at Jamestown Reservoir during inventories include:

• 13 precontact "occupation" sites which are currently inundated.
• 13 precontact earthen mound sites on the bluffs above the reservoir.
• 11 precontact sites containing stone-lined depressions, stone circles, or rock

cairns which are also located on the bluffs above the reservoir.
• 15 precontact artifact scatters, most of which were discovered eroding from

cutbanks along the reservoir.
• One Native American village site which dates to the Plains Village period and is

usually inundated.
• Nine postcontact sites including bridges, a homestead, foundations, a dump,

and a possible trail.

The most significant of these sites are probably the earthen mound sites, which could
contain human burials, and the Plains Village period site.  This site, called the Hintz
Site, or 32SN3, could contribute considerable information to the study of the Plains
Village period and perhaps to the study of the immediately postcontact period in this
part of North Dakota.  Only a relatively small portion of the Hintz site was exposed when
the reservoir was at 1422 feet. (Arrowwood NWR FEIS, 1997)

While the origin of early and modern tribal groups of Indians in South Dakota is
unknown in the James River area, it is likely that an Indian presence in the James River
basin dates back several thousand years. Within the James River basin, a number of
burial mound sites, possibly dating back 1,500 years have been found. There is also
evidence of later groups in the area that subsisted by hunting and agriculture and lived
in semi-permanent villages until approximately 1,200 A.D. These Indians were gradually
replaced by various Sioux tribes coming from the east during the 18th Century,
particularly the Yanktons and Yanktonnais. In the 18th and 19th Centuries, several
Sioux tribal groups held annual trading fairs in the area, including Armadale Grove on
the James River in Spink County (Schell, 1975; SD Archaeological Research Center,
James River Survey, 1977-1983

3.8.1 White settlement.

The Yankton Treaty with Indians was signed in 1858, which opened the southern
portions of the James River basin to white settlement. Settlement in the Yankton area
began in 1859. Dakota Territory was created in 1861, but all settlements except
Yankton were temporarily abandoned after an outbreak of fighting with Santee Sioux
bands in 1862 and 1863 and other isolated incidents through 1868. The Fort Laramie
Treaty of 1868 opened additional area in the James River basin to white settlement and
by 1873, all areas were open.  The 1870s and 1880s saw widespread settlement of the
area which was driven by railroad speculation and expansion, homestead legislation,
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promotion by townsite speculators, improvements in agricultural technology, a new
wave of European immigration and weather conditions favorable to agriculture. By the
time South Dakota was granted statehood in 1889, most towns in the James River
basin had already been established. In fact, four of the James River counties, Spink,
Sanborn, Hanson, and Hutchinson, had larger populations in 1890 than in 1980.

The ethnic background of the area’s non-Indian population has not changed much since
the area was settled in the late 1800s. The majority of settlers before 1900 was of
American stock and came from Iowa, Wisconsin, Minnesota, and Illinois, although many
coming from these states were foreign-born.  Also many immigrants came directly from
Europe. A wave of German-Russian immigration in the 1880s was especially important,
as was Czech settlement in the southern part of the basin. There is also a large variety
of other European backgrounds in the area, including Danes, Swedes, Norwegians,
Irish, and English (Schell, 1975, in COE 1992).

The James River basin includes a unique ethnic group, the Hutterite Brethren, of
German extraction and anabaptist beliefs, which originally immigrated from Russia in
the 1870s. South Dakota has the largest number of Hutterite colonies in the U.S.;
fourteen colonies are along the James River. Many of the existing colonies date from
more recent times, the 30s and 40s.

3.8.2 Historic and cultural sites.

The James River counties have many sites of historic importance. The National
Register of Historic Places has located 85 sites, of which most are historic buildings and
towns or old Hutterite colonies. Several of these sites, however, have prehistorical
importance. The James River Archaeological Survey was conducted between 1977 and
1983 by the South Dakota Archaeological Resource Center. The project inventoried
cultural resources in the river valley and adjoining bluffs and along the lower reaches of
some tributaries. The survey identified 507 previously unrecorded archaeological sites,
mapped some existing sites, and six sites were test excavated.

Radiocarbon dating was done on only three sites, but the earliest of these yielded a
date of A.D. 540. Sites ranged in age from that period through historic times. The sites
were subdivided into eight categories: artifact scatters - many artifacts scattered on the
ground surface, but no surface structural features, such as mounds or house
depressions; cairns - rock concentrations; earth lodge villages; historic sites - 19th and
early 20th Centuries; isolated finds and loci; mounds - usually burial mounds; stone
circles; and petroforms.

The survey indicated that the bluffs and floodplain of the James River and its tributaries
have abundant archaeological resources and that these resources should be further
investigated.

Two sites are especially sensitive because of their historic and archaeological value and
because of their proximity to the James River.
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Drifting Goose village is located approximately 20 miles north of Redfield near the
mouth of Mud Creek and the James River. The site was occupied by the Yanktonnais
leader Drifting Goose during the mid-1800s and contains extensive archaeological
information probably dating from several time periods prior to Drifting Goose. The
Smithsonian identification number for this site is 39SPI01.  The Dirt Lodge village
(39SP11) is located a few miles northeast of Redfield and is also a multicomponent site
with evidence of occupations during several different historic and prehistoric periods.
One artifact at this site that makes it particularly sensitive, and especially relevant to any
modifications to the river, is the presence of a fish weir constructed in the river itself. All
steps should be taken to prevent disturbance to this structure.

3.9   ECONOMIC ACTIVITIES

Economic activities that are influenced by water levels include agriculture, recreation,
transportation, residential and commercial structures, and utilities.  Both flooding  and
lack of river flows during drought have economic consequences.  Appendix B of the
Draft Water Control Plan describes efforts to measure these relationships in each of 10
river reaches.
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4 ENVIRONMENTAL IMPACTS

This chapter provides a review of impacts that would be expected to result from each of
the alternatives that were studied in detail.  These alternatives include Alternative 1
(Existing Plan), and Alternatives 6A and 6B (Flexible Release Options).  Chapter 4 of
the Draft Water Control Plan provides a discussion of the alternative formulation
process, and also presents bar graphs of how each alternative would have operated in
calendar years 1987 and 1997. The “No action” alternative (Existing Plan) is presented
in Figure 4.3 on page 4-3 of the Draft WCP.  The “Flexible Release” alternative is
dependent on changing flow conditions to such an extent that it is not presented in
graphic form. Years with higher flows, such as occurred in 1997, tend to fully
demonstrate the differences between the plans.  Chapter 6 of the Draft WCP describes
the preliminary screening of alternatives, and Chapter 7 provides the final analysis and
screening of these final three alternatives.

In a given year, all management alternatives will release the same volume of water, the
quantity being determined by runoff into the two reservoirs.  Various alternatives
represent an effort to provide the best timing of releases for all interests along the river.
Impacts would generally be greatest close to the dams.  As each tributary enters the
James River, additional flows are added to the regulated discharges, and the regulated
discharges constitute a smaller portion of the river’s volume at a given point.  At the
mouth of the James River, regulated releases from the dams may account for less than
7 percent of peak flows.

In low and lower medium flow years, all plans result in similar low-release patterns, but
the flexible plans would use the lowest release that would meet target pool levels
(historically about 200 cfs), whereas the existing plan would use a combined release of
450 cfs.  In such years, releases from the dams constitute an “augmentation” of flows
during periods when there may not otherwise be any flow.  This discharge is beneficial
to virtually all interests.

The following section will discuss potential impacts upon each of the resources that may
be expected from each of the remaining 3 alternatives.  Since the “no action” alternative
represents no change from current operating procedure, discussion of this alternative
will be brief.  The Draft Water Control Plan does not identify a preferred alternative,
however, some support does exist among agencies for some form of the Flexible
Release Plan (#6).

4.1   NATIONAL WILDLIFE REFUGE SYSTEM

4.1.1 Alternative 1. Existing Plan (No Action).

If this alternative were chosen there would be no change to the manner in which water
releases are managed by the Corps at the Pipestem and Jamestown dams.  Arrowwood
NWR would continue to experience backwater effects from the Jamestown Reservoir in
years with significant runoff.  Ponds at Dakota Lake NWR and Sand Lake NWR would
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likely be overfull for at least parts of the year.  Figure 4.3 on page 4-3 of the Draft Water
Control Plan illustrates how this plan would function in two actual situations.

4.1.2 Alternative 6.  Flexible Release Alternatives.

Under high flow conditions, both the flexible and existing plans operate the same as the
existing plan.  Flexibility to manage Arrowwood NWR does not exist, or is minimal.  Both
flexible plans provide increased flexibility for Arrowwood NWR during upper medium
water years.  Benefits consist of additional management flexibility resulting from holding
more water in Pipestem while releasing more from Jamestown Dam.  during low and
lower medium water years, there is no change from the existing plan.  Emphasis is
placed, in this plan, on coordination with agencies.  This plan uses components of the
existing plan in most years at Jamestown Dam.

Under flexible plan A, there would be earlier and slightly higher flows.  This plan would
have no significant change in flow rates at Dakota Lake NWR and Sand Lake NWR.

4.2   WATER QUALITY

4.2.1 Alternative 1.  Existing Plan (No Action).

There would be no change in water quality parameters, as this option would not change
the present management scheme.

4.2.2 Alternative 6.  Flexible Release Alternatives.

In upper medium and high flow years, there would be no change in flow rates from the
existing plan, and therefore, water quality, as overall releases from the two dams would
be of a similar pattern to the existing plan.  In low flow years, both flexible plans would
provide a low flow release well into the summer, providing improved water flow, lower
water temperatures and higher dissolved oxygen.

4.3   JAMES RIVER FISHERIES.

4.3.1 Alternative 1.  Existing Plan (No Action).

No impact would occur to fishery and aquatic resources since there would be no change
to the present management plan.  Water is drawn somewhat equally from the two
reservoirs, depending on the needs of each.  Pool fluctuations can be detrimental to
spawning of walleye, northern pike and other species if water levels drop significantly
during the spawning season.

4.3.2 Alternative 6.  Flexible Release Alternatives.

Under both Flexible plans, Pipestem Reservoir will have higher peak levels during lower
medium flow years, and will hold the additional water longer than under the existing
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plan.  This is likely to improve spawning conditions.  Flexible Plan B would also provide
higher pool levels at Pipestem during upper medium flow years.  Thus, Pipestem Lake
fisheries would benefit under Flexible Plan.  Fisheries at Jamestown Reservoir would be
essentially unchanged.

Impacts to fisheries below the dam would be minimal.  In low flow years a small
discharge would be maintained.  This would improve water quality and therefore, benefit
fisheries in the James River, especially the reaches nearest Jamestown.  In years of
higher flow, this plan would shift the rate of discharge between the two dams.  Under
the Flexible Release Plan, maximum discharges from the two dams would also be held
to a slightly lower rate than under the existing plan.  Thus, out-of-bank flows in the lower
reaches of the James River would be reduced slightly.  Other than water quality
improvement, impacts of this management plan on riverine fisheries would be minimal.

4.4   RIVERINE WETLANDS

4.4.1 Alternative 1.  Existing Plan (No Action).

This alternative would have no impact upon wetlands as there would be no change from
the current operating plan.

4.4.2 Alternative 6.  Flexible Release Alternatives.

Both Plan A and Plan B would have little impact since operations would be much the
same as the existing plan during all conditions except low and lower medium flows.
This is because in higher flow years, the total release is managed much the same as
under the Existing Release plan.

The primary change is that flooding would be reduced slightly.  This would possibly be
negative for wetlands that are located higher above the river.  However, it is these
wetlands that are often drained to improve their arability.  Therefore, lower wetlands
may benefit from the added flood control if they are not flooded as severely.

4.5   TERRESTRIAL LIFE.

4.5.1 Alternative 1.  Existing Plan (No Action).

There would be no change in impacts to vegetation and wildlife as a result of continuing
the existing water control plan.  Recent loss of riparian woodland in South Dakota could
not be prevented if all flows north of Jamestown were eliminated.  Current operation of
the dams has prevented some additional loss of trees due to flooding.

4.5.2 Alternative 6.  Flexible Release Alternatives.
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Under high flow conditions there would be no change from existing conditions as this
alternative utilizes the existing plan during those years.

Judgements as to impacts during lower and upper medium flow years are very complex.
However, since the variability of the river is being diminished even a bit more than it
already is, one may judge that there would be a slight reduction in diversity of habitat in
correlation with the reduction of diverse, or extreme conditions.

4.6   THREATENED AND ENDANGERED SPECIES.

4.6.1 Alternative 1.  Existing Plan (No Action).

There would be no effect upon endangered species as a result of continuing the existing
management plan.

4.6.2 Alternative 6.  Flexible Release Alternatives.

In years of higher flows, the Flexible plans operate the same as the existing plan.  Thus,
in those years there would be no effect to any of the listed species.

In years with lesser flows, there would be no measurable impacts.  Total discharges
from the two dams would be similar to the existing plan.  The flexible release plan relies
more heavily on storage at Pipestem reservoir, and utilizes less storage at Jamestown
Reservoir.

4.7   CULTURAL RESOURCES.

4.7.1 Alternative 1.   Existing Plan (No Action).

Cultural resources would not be impacted as a result of continuing to use the existing
water control plan.

4.7.2 Alternative 6.  Flexible Release Alternatives.

The Flexible plans would operate mainly in the lower medium flow years.  In upper
medium flow years, river flows would be increased by 100 cfs under some conditions.
Bank sloughing would not be increased due to the gradual nature of stage changes on
this slow-moving river, and because the flexible plans only create changes in the years
having flow within the banks.

4.8   SOCIO-ECONOMIC CONDITIONS.

4.8.1 Alternative 1.   Existing Plan (No Action).
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There would be no change to social and economic activities as a result of continuing the
existing water control plan.

4.8.2 Alternative 6.  Flexible Release Alternatives.

The flexible release plan provides a decrease in flood damages; thus it provides an
economic benefit.  Table 7.8 of the Draft WCP indicates those areas that would receive
the major benefits of reduced flood damages.  They are generally concentrated in the
lake plain area of South Dakota.
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5 COMPLIANCE CHECKLIST

ENVIRONMENTAL REVIEW

a. Archeological and Historic Preservation Act, as amended, 16 U.S.C. 469 et seq.

In compliance.  No impacts would result from any of the remaining alternatives.

b. Clean Air Act, as amended, 42 U.S.C. 1857h-7, et seq.

In compliance.  There will be no changes in air quality as a result of adopting any of the
three remaining alternatives.

c. Clean Water Act, as amended, (Federal Water Pollution Control Act) 33  U.S.C.
1251, et seq.

In compliance. There will be no placement of fill as a result of implementation of any of the
alternatives.

d. Endangered Species Act, as amended, 16 U.S.C. 1451, et seq.

In compliance.  The Ecological Service Offices of North Dakota and South Dakota provided a
list of threatened and endangered species that use the James River basin and may
potentially be affected by changes in water management as a result of this study.  These are
reviewed in Chapter IV of this EA.  Continuation of the existing plan would have no affect on
listed species.  Selection of Alternative 2 may have slight negative impacts on the Interior
least tern and the piping plover in the vicinity of the dams.  If that plan were implemented the
Corps would prepare and send a BA to the Fish & Wildlife Service for concurrence.  Further
coordination would be conducted as appropriate.  Alternative 6 would benefit the piping
plover at Arrowwood Refuge by lowering water levels at Jamestown Reservoir.

e. The National Wildlife Refuge System Administration Act, 16 U.S.C. 688 et
seq.

In compliance.  These regulations govern the administration of lands within the National
Wildlife Refuge System, establish procedures for issuance of permits by Interior
Department governing activities affecting refuges, and establish other administrative
procedures.  None of the alternatives carried forward would be dependant upon the U.
S. Fish and Wildlife Service giving consent to actions that would diminish the
productivity of the James River refuges.

f. Federal Water Project Recreation Act, as amended, 16 U.S.C. 460-1(12), et seq.

In compliance.  No project development is included in this management review.
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g. Fish and Wildlife Coordination Act, as amended, 16 U.S.C. 661, et seq.

In compliance.  Extensive coordination has been conducted with the U.S. Fish & Wildlife
Service, especially in regard to the affected refuges.  The State of North Dakota has
provided information on fisheries in the two reservoirs and downstream of the dams.

h. Land and Water Conservation Fund Act, as amended, 16 U.S.C. 4601-4601-11,
et seq.

In compliance.  No property is being acquired or developed in connection with the review of
the Water Control Plan.

i. National Historic Preservation Act, as amended, 16 U.S.C. 1401, et seq.

On August 7, 1998, the Omaha District sent a letter to the North Dakota State Historic
Preservation Office, indicating that the small change proposed for the releases did not,
in the District's opinion, constitute an undertaking under Section 106 of the National
Historic Preservation Act of 1966, as amended.  The District did not receive a reply from
the ND SHPO.  When contacted later by telephone, they responded that their lack of
reply indicated concurrence with our decision that the change was not an undertaking.

j. National Environmental Protection Act, as amended, 42 U.S.C. 4321, et seq.

In compliance.  An environmental assessment and Finding of No Significant Impact (FONSI)
have been prepared in order to determine impacts of the final alternatives, and to determine
if these impacts would be significant.  An EIS is not required.

k. Rivers and Harbors Act, 33 U.S.C. 401, et seq.

In compliance.  No construction will take place as a result of this study or its final
determinations.

l. Wild and Scenic Rivers Act, as amended, 16 U.S.C. 1271, et seq.

In compliance.  No activities would take place on a designated or eligible river.

m. Floodplain Management (E.O. 11988)

In compliance.  No construction is planned as a result of this study.

n. Protection of Wetlands (E.O. 11990)

In compliance.  The outcomes of this study will not provide for construction in a floodplain.
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o. CEQ Memorandum, August 11, 1980, Analysis of Impacts on Prime or Unique
Agricultural Lands in Implementing NEPA.

In compliance.  No farmland would be converted as a result of study recommendations.
Additional protection of farmland may result from this study.

p. CEQ Memorandum, August 10, 1980, Interagency Consultation to Avoid or
Mitigate Adverse Effects on Rivers in the Nationwide Inventory.

In compliance.  The James River is not on the Nationwide Inventory.

q. Federal Actions to Address Environmental Justice.  (E.O. 12898)

In compliance.  Measures taken as a result of this study will reduce impacts on the
population in general, and not negatively impact a minority population or low-income group.
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