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Table 2.8.1-1

Flood Damages

Feature 8.1: Devils Lake Rural Areas

Devils Lake Infrastructure Protection Study

DAMAGES
Action Structure Elevation
Level Lake Elevation Range Structures and Infrastructure Land
(MSL) (MSL) (THOUSANDS)
AL1 1446.2 Below 1447.5 $4,840 $0
AL2 1446.5 14475 - 1448 $4,446 $0
AL3 1447 1448 - 1449.5 $4,622 $4,766
AL4 1448.5 14495 - 1451 $2,510 $11,923
AL5 1450 1451 - 1452.5 $1,656 $6,068
AL6 1451.5 1452.5 - 1454 $2,448 $6,721
AL7 1453 1454 - 1455.5 $3,380 $7,596
AL8 1454.5 1455.5 - 1457 $2,598 $8,335
AL9 1456 1457 - 1459 $5,512 $12,564
AL10 1458 1459 - 1461 $5,134 $14,251
AL11 1460 Above 1461 $9,896 $24,268
DAMAGE BREAKDOWN
AL1: Lake Elevation 1446.2 AL2: Lake Elevation 1446.5 AL3: Lake Elevation 1447 AL4: Lake Elevation 1448.5 ALS5: Lake Elevation 1450
Description Quantity Units Unit Value Description Quantity Units Unit Value Description Quantity | Units Unit Value Description Quantity [ Units Unit Value Description | Quantity | Units Unit Value
Cost (THOUSANDS) Cost (THOUSANDS) Cost (THOUSANDS) Cost (THOUSANDS) Cost (THOUSANDS)
Structures and Infrastructure Structures and Infrastructure Structures and Infrastructure Structures and Infrastructure Structures and Infrastructure
House on Res. 2 EA $62,000 $124 House on Res. 5 EA $62,000 $310 House on Res. 5 EA $62,000 $310 House on Res. 5 EA $62,000 $310 House on Res. 4 EA  $62,000 $248
House off Res. 24 EA $88,000 $2,112 House off Res. 47 EA $88,000 $4,136 House off Res. 49 EA $88,000 $4,312 House off Res. 25 EA $88,000 $2,200 House off Res. 16 EA  $88,000 $1,408
House - Access Affected 84 EA $31,000 $2,604
Total $4,840 Total $4,446 Total $4,622 Total $2,510 Total $1,656
Land Land Land Land Land
Land 0 ACR $400 $0 Land 0 ACR $400 $0 Land 11,915 ACR $400 $4,766 Land 29,808 ACR $400 $11,923 Land 15,170 ACR $400 $6,068
Total $0 Total $0 Total $4,766 Total $11,923 Total $6,068
AL6: Lake Elevation 1451.5 AL7: Lake Elevation 1453 AL8: Lake Elevation 1454.5 AL9: Lake Elevation 1456 AL10: Lake Elevation 1458
Description Quantity Units Unit Value Description Quantity Units Unit Value Description Quantity | Units Unit Value Description Quantity [ Units Unit Value Description | Quantity | Units Unit Value
Cost (THOUSANDS) Cost (THOUSANDS) Cost (THOUSANDS) Cost (THOUSANDS) Cost (THOUSANDS)
Structures and Infrastructure Structures and Infrastructure Structures and Infrastructure Structures and Infrastructure Structures and Infrastructure
House on Res. 4 EA $62,000 $248 House on Res. 2 EA $62,000 $124 House on Res. 5 EA $62,000 $310 House on Res. 8 EA $62,000 $496 House on Res. 9 EA  $62,000 $558
House off Res. 25 EA $88,000 $2,200 House off Res. 37 EA $88,000 $3,256 House off Res. 26 EA $88,000 $2,288 House off Res. 57 EA $88,000 $5,016 House off Res. 52 EA  $88,000 $4,576
Total $2,448 Total $3,380 Total $2,598 Total $5,512 Total $5,134
Land Land Land Land Land
Land 16,803 ACR $400 $6,721 Land 18,990 ACR $400 $7,596 Land 0 ACR $400 $8,335 Land 31,410 ACR $400 $12,564 Land 35,628 ACR $400 $14,251
Total $6,721 Total $7,596 Total $8,335 Total $12,564 Total $14,251
AL11: Lake Elevation 1460
Description Quantity Units Unit Value
Cost (THOUSANDS)
Structures and Infrastructure
House on Res. 12 EA $62,000 $744
House off Res. 104 EA $88,000 $9,152
Total $9,896
Land
Land 60,670 ACR $400 $24,268
Total $24,268
Notes:

1. AL = Decision/Action Level specified on decision tree.
2. Elevations for decision/action levels are shown at 1-foot increments, rounded down to the nearest foot.
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STRATEGY COSTS BY ACTION LEVEL

Table 2.8.1-2

Flood Protection Costs
Feature 8.1: Devils Lake Rural Areas
Devils Lake Infrastructure Protection Study

S S(11)
Action Relocate All Structures Relocate Structres at AL1, AL2, AL3, AL4, AL5, AL6, AL7, ALS,
Level | Lake Elevation at AL1 AL9, AL10, AL11, AL11
(MSL) (THOUSANDS)
AL1 1446.2 $38,420 $4,624
AL2 1446.5 $0 $3,536
AL3 1447 $0 $3,672
AL4 14485 $0 $2,040
AL5 1450 $0 $1,360
AL6 14515 $0 $1,972
AL7 1453 $0 $2,652
AL8 1454.5 $0 $2,108
AL9 1456 $0 $4,420
AL10 1458 $0 $4,148
AL11 1460 $0 $7,888
COST BREAKDOWN
S
S(11) S(11) S(11) S(11) S(11) S(11)
Lake Elevation 1446.2 Lake Elevation 1446.5 Lake Elevation 1447 Lake Elevation 1448.5 Lake Elevation 1450 Lake Elevation 1451.5
Strategy Description Quantity Unitsl Unit | Value Description | Quantity| Units | Unit Value Description | Quantity| Units Unit Value Description Quantity| Units | Unit Value Description | Quantity| Units| Unit | Value Description | Quantity| Units Unit | Value
Incremental Relocation Cost | (THOUSANDS) Cost | (THOUSANDS) Cost | (THOUSANDS) Cost | (THOUSANDS) Cost__|(THOUSANDS) Cost _|(THOUSANDS)
Move House on Res. 2 EA  $68,000 $136 House on Res. 5 EA  $68,000 $340 House on Res. 5 EA $68,000 $340 House on Res. 5 EA  $68,000 $340 House on Res. 4 EA  $68,000 $272 House on Res 4 EA $68,000 $272
House off Res. 24 EA  $68,000 $1,632 House off Res. 47 EA  $68,000 $3,196 House off Res. 49 EA $68,000 $3,332 House off Res. 25 EA  $68,000 $1,700 House off Res. 16 EA  $68,000 $1,088 House off Res 25 EA $68,000 $1,700
House - Access Affected 84 EA  $34,000 $2,856
Total $4,624 Total $3,536 Total $3,672 Total $2,040 Total $1,360 Total $1,972
S
S(11) S(11) S(11) S(11) S(11)
Lake Elevation 1453 Lake Elevation 1454.5 Lake Elevation 1456 Lake Elevation 1458 Lake Elevation 1460
Description Quantity Unitsl Unit | Value Description Quamity| Units | Unit Value Description | Quantity| Units Unit Value Description Quantity| Units | Unit Value Description | Quantity| Units | Unit | Value
Cost | (THOUSANDS) Cost | (THOUSANDS) Cost | (THOUSANDS) Cost | (THOUSANDS) Cost  |(THOUSANDS)
House on Res. 2 EA  $68,000 $136 House on Res. 5 EA  $68,000 $340 House on Res. 8 EA $68,000 $544 House on Res. 9 EA  $68,000 $612 House on Res. 12 EA  $68,000 $816
House off Res. 37 EA  $68,000 $2,516 House off Res. 26 EA  $68,000 $1,768 House off Res. 57 EA  $68,000 $3,876 House off Res. 52 EA  $68,000 $3,536 House off Res. 104 EA  $68,000 $7,072
Total $2,652 Total $2,108 Total $4,420 Total $4,148 Total $7,888
Notes:

1. AL = Decision/Action Level specified on decision tree.
2. Elevations for decision/action levels are shown at 1-foot increments, rounded down to the nearest foot.

3. The costs for the Relocate All Structures at AL1 strategy (S) is equal to the sum of all relocations that have not been included in incremental relocations.
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Table2.8.1-3

Economic Analysis of Strategies for
Devils Lake Rural Areas

(Feature 8.1)

Stochastic Analysis (ST)

Mean Value over 10,000 Traces (Annual)

Strategy COST DAMAGES Total Benefits Net Benefits Benefit- Cost Ratio
Relocation Total Damages Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation |Description A B=A C D=C E = D(No Protection) - D(S) * F=E-B I=E/A
No Protection  |No Protection or Relocation $0 $0[| $2,265,900] $2,265,900 $0 $0 -
S Relocation of All Structures below 1468 $2,412,300| $2,412,300| $1,148,200| $1,148,200 $1,117,800 -$1,294,500 0.46
S(11) 11 Incremental Relocations $940,300 $940,300| $1,148,200[ $1,148,200 $1,117,800 $177,500 1.19
Wet Future Scenario (WF)
(Annual)
Strategy COST DAMAGES Total Benefits Net Benefits Benefit- Cost Ratio
Relocation Total Damages Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation |Description A B=A C D=C E = D(No Protection) - D(S) * F=E-B I=E/A
No Protection |No Protection or Relocation $0 $0[| $5,939,900( $5,939,900 $0 $0 -
S Relocation of All Structures below 1468 $2,412,300| $2,412,300| $3,846,600| $3,846,600 $2,093,200 -$319,000 0.87
S(11) 11 Incremental Relocations $1,723,400( $1,723,400| $3,846,600| $3,846,600 $2,093,200 $369,900 1.21
Moderate Future 1 Scenario (M1)
(Annual)
Strategy COST DAMAGES Total Benefits Net Benefits Benefit- Cost Ratio
Relocation Total Damages Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation |Description A B=A C D=C E = D(No Protection) - D(S) * F=E-B I=E/A
No Protection [No Protection or Relocation $0 $0|| $1,795,400( $1,795,400 $0 $0 -
S Relocation of All Structures below 1468 $2,412,300( $2,412,300 $805,100 $805,100 $990,300 -$1,421,900 0.41
S(11) 11 Incremental Relocations $838,500 $838,500 $805,100 $805,100 $990,300 $151,900 1.18
Moderate Future 2 Scenario (M2)
(Annual)
Strategy COST DAMAGES Total Benefits Net Benefits Benefit- Cost Ratio
Relocation Total Damages Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation |Description A B=A C D=C E = D(No Protection) - D(S) * F=E-B I=E/A
No Protection [No Protection or Relocation $0 $0|| $3,103,800 $3,103,800 $0 $0 -
S Relocation of All Structures below 1468 $2,412,300( $2,412,300| $1,791,100| $1,791,100 $1,312,600 -$1,099,600 0.54
S(11) 11 Incremental Relocations $1,097,200( $1,097,200| $1,791,100| $1,791,100 $1,312,600 $215,500 1.20

All dollar values are present worth values annualized over a 50-year period at an interest rate of 6.375% and rounded to the nearest $100.
* Total benefits are calculated as the total damages incurred for "No Protection strategy" minus the total damages for the strategy implemented (D(S)).




Table 2.8.2-1

Flood Damages
Feature 8.2: Stump Lake Rural Areas

Devils Lake Infrastructure Protection Study

DAMAGES
Action Structure Elevation
Level Lake Elevation Range Structures and Infrastructure Land
(MSL) (MSL) (THOUSANDS)
1409 Below 1408 $0 $418
1414 1408 - 1418 $0 $226
1419 1418 - 1423 $0 $271
1424 1423 - 1428 $0 $343
1429 1428 - 1433 $0 $430
1434 1433 - 1438 $0 $527
1439 1438 - 1443 $0 $626
AL1 1444 1443 - 1448 $518 $1,153
1449 1448 - 1453 $0 $807
1454 1453 - 1458 $0 $876
1459 Above 1458 $0 $920
DAMAGE BREAKDOWN
Lake Elevation 1409 Lake Elevation 1414 Lake Elevation 1419 Lake Elevation 1424 Lake Elevation 1429
Description Quantity [ Units Unit Value Description Quantity Units Unit Value Description Quantity | Units Unit Value Description |Quantity [ Units Unit Value Description | Quantity | Units | Unit Value
Cost (THOUSANDS) Cost (THOUSANDS) Cost (THOUSANDS) Cost (THOUSANDS) Cost (THOUSANDS)
Structures and Infrastructure Structures and Infrastructure Structures and Infrastructure Structures and Infrastructure Structures and Infrastructure
Residences 0 LS $0 $0 Residences 0 LS $0 $0 Residences 0 LS $0 $0 Residences 0 LS $0 $0 Residences 0 LS $0 $0
Total $0 Total $0 Total $0 Total $0 Total $0
Land Land Land Land Land
Land 1,045 ACR $400 $418 Land 565 ACR $400 $226 Land 678 ACR $400 $271 Land 858 ACR $400 $343 Land 1,075 ACR  $400 $430
Total $418 Total $226 Total $271 Total $343 Total $430
Lake Elevation 1434 Lake Elevation 1439 AL1: Lake Elevation 1444 Lake Elevation 1449 Lake Elevation 1454
Description Quantity Units Unit Value Description Quantity Units Unit Value Description Quantity | Units Unit Value Description |Quantity [ Units Unit Value Description | Quantity | Units Unit Value
Cost (THOUSANDS) Cost (THOUSANDS) Cost (THOUSANDS) Cost (THOUSANDS) Cost (THOUSANDS)
Structures and Infrastructure Structures and Infrastructure Structures and Infrastructure Structures and Infrastructure Structures and Infrastructure
Residences 0 LS $0 $0 Residences 0 LS $0 $0 Residences 7 EA $74,000 $518 Residences 0 LS $0 $0 Residences 0 LS $0 $0
Total $0 Total $0 Total $518 Total $0 Total $0
Land Land Land Land Land
Land 1,318 ACR $400 $527 Land 1,565 ACR $400 $626 Land 2,883 ACR $400 $1,153 Land 2,018 ACR $400 $807 Land 2,190 ACR  $400 $876
Total $527 Total $626 Total $1,153 Total $807 Total $876
Lake Elevation 1459
Description Quantity [ Units Unit Value
Cost (THOUSANDS)
Structures and Infrastructure
Residences 0 LS $0 $0
Total $0
Land
Land 2,300 ACR $400 $920
Total $920
Notes:
1. AL = Decision/Action Level specified on decision tree.
2. Elevations for decision/action levels are shown at 1-foot increments, rounded down to the nearest foot.
1/9/2003
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Table 2.8.2-2

Flood Protection Costs
Feature 8.2: Stump Lake Rural Areas
Devils Lake Infrastructure Protection Study

STRATEGY COSTS BY ACTION LEVEL

S
Action Relocate All Structures
Level Lake Elevation at AL1
(MSL) (THOUSANDS)
AL1 1444.0 $363
COST BREAKDOWN
S(1)
Lake Elevation 1446.2

Strategy Description Quantity [Units| Unit Value
Incremental Relocation Cost (THOUSANDS)

Move Residences 7 EA $51,857 $363

Total $363

Notes:
1. AL = Decision/Action Level specified on decision tree.

2. Elevations for decision/action levels are shown at 1-foot increments, rounded down to the nearest foot.

1/9/2003
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Table 2.8.2 -3

Economic Analysis of Strategies for
Stump Lake Rural Areas

(Feature 8.2)

Stochastic Analysis (ST)

Mean Value over 10,000 Traces (Annual)

Strategy COST DAMAGES Total Benefits Net Benefits Benefit- Cost Ratio
Relocation Total Damages Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation |Description A B=A C D=C E = D(No Protection) - D(S) * F=E-B I=E/B
No Protection |No Protection or Relocation $0 $0 $124,200( $124,200 $0 $0 --
S(1) Relocation of All Structures below 1468 $3,000| $3,000f $120,000| $120,000 $4,300 $1,300 1.43
Wet Future Scenario (WF)
(Annual)
Strategy COST DAMAGES Total Benefits Net Benefits Benefit- Cost Ratio
Relocation Total Damages Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation |Description A B=A C D=C E = D(No Protection) - D(S) * F=E-B I=E/B
No Protection |No Protection or Relocation $0 $0| $283,900( $283,900 $0 $0 --
S(1) Relocation of All Structures below 1468 $8,100 $8,100| $272,300( $272,300 $11,600 $3,500 1.43
Moderate Future 1 Scenario (M1)
(Annual)
Strategy COST DAMAGES Total Benefits Net Benefits Benefit- Cost Ratio
Relocation Total Damages Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation |Description A B=A C D=C E = D(No Protection) - D(S) * F=E-B I=E/B
No Protection |No Protection or Relocation $0 $0 $96,500| $96,500 $0 $0 --
S(1) Relocation of All Structures below 1468 $0 $0 $96,500| $96,500 $0 $0 --
Moderate Future 2 Scenario (M2)
(Annual)
Strategy COST DAMAGES Total Benefits Net Benefits Benefit- Cost Ratio
Relocation Total Damages Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation |Description A B=A C D=C E = D(No Protection) - D(S) * F=E-B I=E/B
No Protection |No Protection or Relocation $0 $0| $215,300( $215,300 $0 $0 --
S(1) Relocation of All Structures below 1468 $6,700] $6,700 $205,700] $205,700 $9,600 $2,900 1.43

All dollar values are present worth values annualized over a 50-year period at an interest rate of 6.375% and rounded to the nearest $100.

* Total benefits are calculated as the total damages incurred for "No Protection strategy” minus the total damages for the strategy implemented (D(S)).




Attachment 2.8:
Rural Areas Economic Analysis Assumptions

A. General Assumptions

1. The only viable strategy for the rural areas was to relocate residences, abandon public and private
property, and relocate public utilities. The density of structures does not justify the cost for protection
by a levee, and access is a potential problem if the structures were somehow protected.

2. The cost of road raises or road restoration was not considered for the rural areas in thisreport. Major
roads in the region were analyzed as separate features, Features 13 through 24.

3. Areasthat are protected by levees were not considered in the Rural Areas—these were inclucedin the
feature for the respective community or city.

4. The average value of rural houses located around Devils Lake, but not on the reservation, was
$88,000. The average value for rural houses located on the Spirit Lake Nation Reservation was
$62,000. These figures were obtained from the Federal Emergency Management Agency (FEMA).
The average values for off-reservation and on-reservation houses were based upon 1,219 and 88
houses, respectively. The value for each house was determined for FEMA by certified flood
insurance adjusters and was based on total habitable square footage of the buildings and standardized
real estate appraisals. These values did not include the value of land on which the houses were
located. FEMA has been using these average values for planning purposes only (FEMA, March,
2001). The number of houses and their elevations were also provided by FEMA. T his datawesused
for only Feature 8.1: Devils Lake Rural Areas.

For Feature 8.2: Stump Lake Rural Areas, the values of rural structures were assumed to bethe values
presented in the 1997 Depreciated Replacement Cost (Economics Database Update forthe Landsand
Developments Feasibility Study, Devils Lake, Watts & Associates, Inc., October, 1997). FEMA dita
was not available for the Stump Lake area. These values were updated for inflation by multiplying
them by 1.09 to account for inflation of 3% per year during the period from 1998 to February 2001.

5. For Feature 8.1, within each increment it was assumed that structures would be relocated and land
would be damaged when the water surface is 1 foot below the elevation of the lowest structure or
land. For example, at action level 1448.5, structures between elevations 1449.5 to 1451 would ke
relocated and land between elevation 1449.5 to 1451 would be damaged. T here aretwo exceptionsto
this for Feature 8.1: at decision/action level 1446.2, structures at elevations between 1446.2 and
1446.5 are relocated, and at decision/action level 1446.5, structures at elevations between 1446.5 and
1448 are relocated. T hisassumption front-end loads the costs and damages for each increment.
However, wave action could affect land and structures several feet above the lake’s level and,
therefore, actual damages might occur well before the lake reaches the land or structure elevation.

P:\34\36\020\Att 2.8.doc Att. 2.8-1



10.

11.

For Feature 8.2, there are only 7 structures that are located between elevation 1445 and 1450.
Therefore, all structures were assumed to be relocated at the first action/decision level of 1444. Ten
additional action levels were selected for this feature to compute the damages to land. Within these
elevation increments, it was assumed that land and structures would be damaged when the water
surface is 1 foot below the action level, as in Feature 8.1.

Land value in rural areas was assumed to be $400/acre. T his value was provided by the Corps of
Engineers (personal communication, April, 2001) and is an estimate of the average value ofall land
surrounding Devils Lake.

The majority of Spirit Lake Nation Reservation residences are in Fort Totten and St. Michael and
were considered separately in those features.

All structures and land in Nelson County are part of the Stump Lake watershed and would not be
affected until Devils Lake overflows at elevation 1446.6. Therefore, the Stump Lake rural areaswere
analyzed separately from the Devils Lake rural areas. The relocation costs and damages for the
Stump Lake rural areas were calculated with reference to Stump Lake water surface elevations, not
Devils Lake water surface elevations.

All seven residences in the Nelson County portion of the study area are located between
elevation 1445 and 1450 in the Stump Lake Rural Areas (Reconnaissance Report: DevilsLake Basin,
North Dakota, St. Paul District U.S. Army Corps of Engineers, 1992).

In the 1998 study, costs for relocating rural utilities and damages to rural parks and boat rampswere
included in the total damage values for structures and infrastructure. T he total damage values were
obtained from the Economics Database Update for the Lands and Developments Feasibility Study,
Devils Lake by Watts & Associates, Inc. (October, 1997). However, relocation costs for uilitiesand
damages to rural parks and boat ramps were not itemized in the Watts study and these datawere not
available elsewnhere. Therefore, for the 2001 analysis these additional costs were not includedin the
total damages.

Land areas adjacent to Devils Lake and Stump Lake that would be affected by rising lake levelswere
obtained from the USGS (5-Box Model) elevation-volume-area relationships. Areas above
elevation 1463 were extrapolated to elevation 1465.
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2.9

Summary of Economic Analysis Investigation for Feature 9. Red
River Valley and Western Railroad

2.9.0 Flood Protection Strategy

The Red River Valley and Western Railroad has been permanently abandoned, so this feature was
not further analyzed.

2.9.1 General Information
Feature Type: Railroad

Location: Feature 9 is the portion of the Red River Valley and Western Railroad from the City
of Minnewaukan extending south approximately 10 miles. The accompanying Figure 2.9-1
shows the feature’s location and approximate extents, and the inundation extents at the three
reference lake levels (1447, 1454, and 1463).

Description: Feature 9 is a railroad. It has been permanently abandoned.

Significance: The Red River Valley and Western Railroad south from Minnewaukan has been
permanently abandoned with no plans for future restoration.

Damages: The flooding of the Red River Valley Railroad would not result in any damages. No
cost analyses were completed as part of the Economic Analysis of Devils Lake Alternative for
this feature.

Owner/Sponsor: Red River Valley and Western Railroad.

Lead Federal Agency: Not applicable.

P:\34\36\020\2001-9.doc 29-1
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2.10 Summary of Economic Analysis Investigation for Feature 10:
Canadian Pacific Railroad

2.10.0 Flood Protection Strategy

The flood protection strategy that was analyzed for Canadian Pacific Railroad in the Economic
Analysis of Devils Lake Alternatives was incremental rail raises.

2.10.1 General Information
Feature Type: Railroad

Location: Feature 10 is the section of the Canadian Pacific Railroad between the City of Devils
Lake and US Highway 281, approximately 18 miles. The accompanying Figure 2.10-1 shows the
feature’s location and approximate extents, and the inundation extents at the three reference lake
levels (1447, 1454, and 1463).

Description: Feature 10 is a railroad. The rail line is constructed on embankments, with
approximately 3 miles near the west end of the line that is affected by the current lake level, but it
is not submerged. There is a culvert under the tracks for water passage near the Mauvais Coulee
and Six Mile Bay.

Significance: The tracks between the City of Devils Lake and Harlowe were predominantly used
for grain shipments. This rail line has been closed since 1998. The current lake level (1447) is
about 3 feet below the lowest elevation of the tracks (1450); however, wave action has caused
erosion damage to the sides of the rail bed, making the railroad too dangerous to use. Grain is
now trucked to a Burlington Northern Sante Fe (BNSF) line instead of being shipped by rail.
Northern Plains Railroad, lessee of Canadian Pacific Railroad tracks, does not consider the
railroad “abandoned” because they intend to reopen the tracks if they receive funding from the
US Congress for repair and raises. Instead the railroad is considered “embargoed.”

Damages: The flooding of the Canadian Pacific Railroad would result in the following damages:
» restoration cost after the lake recedes
» alternate shipping/detour damages

Owner/Sponsor: Canadian Pacific Railroad is responsible for managing and maintaining
Feature 10.

Lead Federal Agency: The Corps of Engineers would take the lead for the Canadian Pacific
Railroad for any raises that may take place. The Federal Railway Administration may provide
funding.
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2.10.2 Feature Protection

History of Flood Protection: In the past, flood protection for the Canadian Pacific Railroad
between Devils Lake and Harlowe has consisted of abandoning the rail line until funding is
received to raise the rail line for future use.

General Protection Strategy: The Economic Analysis of Devils Lake Alternatives analysis
identified and evaluated several different approaches for protecting the Canadian Pacific
Railroad. These included:

» rerouting railroad to higher ground (this strategy was dropped based on discussions with
Northern Plains Railroad staff, lessee)

e raising the tracks

Protection Strategy by Lake Level: The Economic Analysis of Devils Lake Alternatives
analyzed the flood protection strategy of raising the rail line, with flood-protection decisions
being made at various lake levels as Devils Lake continued to rise. Figure 2.10-2 shows the
decision tree for Canadian Pacific Railroad. As shown on Figure 2.10-2, the stepwise approach to
flood protection for Canadian Pacific Railroad that was analyzed consisted of the following:

1. At lake elevation 1449, a decision would be made as to whether the rail line would be raised
to 1455, or temporarily closed.

2. If the rail line were raised at the first action level, at lake elevation 1454, a decision would be
made as to whether the rail line would be raised to 1460, or temporarily closed.

3. If the rail line were raised at the second action level, at lake elevation 1459 another decision
would be made as to whether the rail line would be raised to 1468, or temporarily closed.

The maximum protection strategy that was analyzed at the first action level was raising the rail
line to 1468. (Note that for the analysis, the decision regarding whether or not to raise the rail
line is made at a time when the lake is one foot below the minimum rail elevation that resulted
from the most recent raise.)

Interdependencies: None.

2.10.3 Feature Economics

Damages: For the Canadian Pacific Railroad, the damages resulting from flooding were
estimated up to the maximum lake level (1463). The damage computations for Feature 10 are
summarized in the accompanying Table 2.10-1.
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Table 2.10-1 lists annual detour damages and restoration costs. Annual detour damage represents
the cost for alternate shipping methods and/or routes when the rail line is closed. Restoration
damages include rebuilding the rail with excavation, fill, rail material, and bridge repairs.
Restoration damages are a per-event damage. They are only incurred when and if the lake
recedes below the rail bed after a period of flooding. Restoration damages depend on the lake
level during the period of flooding because the extent of the rail line that needs restoration
depends on the extent of flooding.

Unit costs for all the damage computations were discussed previously in Section 2.0, and are
detailed in Table 2.0-2. Assumptions regarding the damage computations, data sources, and other
aspects of the economic analysis for Feature 10 are listed in the Canadian Pacific Railroad
Assumptions listing, appended to this Section 2.10.

Costs: The costs of providing flood protection for the Canadian Pacific Railroad are detailed in
the accompanying Table 2.10-2 for the Canadian Pacific Railroad. Unit costs, data sources, and
relevant assumptions are listed.

Table 2.10-2 lists unit costs of material for raising tracks and railroad bridges. Itemized costs are
broken down into four categories: fill, riprap, rail, and bridge raise.

Unit costs for all the cost computations were discussed previously in Section 2.0, and are detailed
in Table 2.0-2. Assumptions regarding the cost computations, data sources, and other aspects of
the economic analysis for Feature 10 are listed in the Canadian Pacific Railroad Assumptions
listing, appended to this Section 2.10.

2.10.4 Results of Economic Analysis

The results of the Economic Analysis for the Canadian Pacific Railroad are listed in Table 2.10-3.

Stochastic Analysis Results: The stochastic analysis indicated that the net benefits for the flood
protection strategy was less than one (-$696,700) and the BCR was 0.25, indicating that the
strategy was not economically justified. This strategy is highlighted on the decision tree (Figure
2.10-2). The present worth annualized detour damages that would be prevented by this strategy
were computed to be $101,400. The stochastic results are averages over 10,000 traces.

Results for Specific Scenarios: In the economic analysis, flood protection strategies were also
analyzed for three specific climate futures. For Canadian Pacific Railroad, the identified strategy
and the economic indices for each of the three climate futures are as follows:

»  Wet Future — For the wet future, the flood protection strategy had net benefits that were less
than one (-$3,161,700) and a BCR of 0.13. Therefore, the strategy was not economically
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justified. For this future, the present worth annualized detour damages that would be
prevented were computed at $476,900.

e First Moderate Future — For the first moderate future, the protection strategy had net benefits
that were less than one (-$527,800) and a BCR of 0.24. Therefore, the strategy was not
economically justified. For this future, the present worth annualized detour damages that
would be prevented were computed to be $40,400.

» Second Moderate Future — For the second moderate future, the protection strategy had net
benefits that were less than one (-$1,474,200) and a BCR of 0.22. Therefore, the strategy was
not economically justified. For this future, the present worth annualized detour damages that
would be prevented were computed at $245,800.
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Table 2.10-1

Flood Damages
Feature 10: Canadian Pacific Railroad
Devils Lake Infrastructure Protection Study

DAMAGES
Action
Levels Annual Detour Damages
(THOUSANDS)
ALl - AL3 $509
DAMAGE BREAKDOWN
AL1 - AL3
Description Quantity [ Units Unit Value
Damage Cost (THOUSANDS)
Annual Detour Damages Candian Pacific Railroad
Detour Damages Quoted 1 LS $480,000 $480
From Railroad
2001 Total (add inflation) $509
Total $509
Restoration Damages
Excavation Fill Rail Material Bridge Repair
Total Units Unit Value Units Unit Value Units Unit Value Units Unit Value
Elevation (THOUSANDS) Quantity Cost (THOUSANDS) Quantity Cost (THOUSANDS) Quantity Cost (THOUSANDS) Quantity Cost (THOUSANDS)
1449 $0
1450 $4,963 40,506 CY $2.65 $107 40,506 CY $9.00 $365 31,700 LF $135 $4,280 1 EA $212,000 $212
1451 $4,963 40,506 CY $2.65 $107 40,506 CY $9.00 $365 31,700 LF $135 $4,280 1 EA $212,000 $212
1452 $4,963 40,506 CcY $2.65 $107 40,506 CY $9.00 $365 31,700 LF $135 $4,280 1 EA $212,000 $212
1453 $4,963 40,506 CY $2.65 $107 40,506 CcY $9.00 $365 31,700 LF $135 $4,280 1 EA $212,000 $212
1454 $6,620 54,625 CY $2.65 $145 54,625 CY $9.00 $492 42,750 LF $135 $5,771 1 EA $212,000 $212
1455 $9,123 75,964 CcY $2.65 $201 75,964 CY $9.00 $684 59,450 LF $135 $8,026 1 EA $212,000 $212
1456 $10,314 86,122 CcY $2.65 $228 86,122 CcY $9.00 $775 67,400 LF $135 $9,099 1 EA $212,000 $212
1457 $10,314 86,122 CY $2.65 $228 86,122 CY $9.00 $775 67,400 LF $135 $9,099 1 EA $212,000 $212
1458 $12,563 105,289 CY $2.65 $279 105,289 CY $9.00 $948 82,400 LF $135 $11,124 1 EA $212,000 $212
1459 $12,563 105,289 CY $2.65 $279 105,289 CY $9.00 $948 82,401 LF $135 $11,124 1 EA $212,000 $212
1460 $12,563 105,289 CY $2.65 $279 105,289 CY $9.00 $948 82,402 LF $135 $11,124 1 EA $212,000 $212
1461 $12,563 105,289 CY $2.65 $279 105,289 CY $9.00 $948 82,403 LF $135 $11,124 1 EA $212,000 $212
1462 $12,563 105,289 CY $2.65 $279 105,289 CY $9.00 $948 82,404 LF $135 $11,125 1 EA $212,000 $212
1463 $13,499 113,275 CcY $2.65 $300 113,275 CY $9.00 $1,019 88,650 LF $135 $11,968 1 EA $212,000 $212
Notes:

1. AL = Decision/Action Level specified on decision tree.

2. Elevations for decision/action levels are shown at 1-foot increments, rounded down to the nearest foot.
3. 2001 Total for annual detour damages is equal to the 1998 Total cost multiplied by 6% to increase for inflation.
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STRATEGY COSTS BY ACTION LEVEL

Table 2.10-2

Flood Protection Costs
Feature 10: Canadian Pacific Railroac
Devils Lake Infrastructure Protection Study

Notes:

1. AL = Decision/Action Level specified on decision tree.
2. Elevations for decision/action levels are shown at 1-foot increments, rounded down to the nearest foot.

3. The costs for the Maximum Raise at AL1 strategy (R) is equal to the sum of the costs for all incremental raises.
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R A R(1)A R(2)A R(3)
Action
Level | Lake Elevation Maximum Raise at AL1 Temporary Closure at AL1 Raise at AL1; Temporary Closure at AL2 Raise at AL1, AL2; Temporary Closure at AL3 Raise at AL1, AL2, AL3
(MSL) (THOUSANDS)
AL1 1449 $91,146 $0 $24,597 $24,597 $24,597
AL2 1454 $0 $0 $0 $25,009 $25,009
AL3 1459 $0 $0 $0 $0 $41,540
COST BREAKDOWN
R
R(1)A
R(QA R(2)A
RE) R@) RE)
Lake Elevation 1449 Lake Elevation 1454 Lake Elevation 1459
Strategy Description Quantity | Units | Unit Value Description | Quantity |Units| Unit Value Description Quamityl Units Unit Value
Incremental Raise Cost (THOUSANDS) Cost (THOUSANDS) Cost (THOUSANDS)
Rail Raise Canadian Pacific Railroad Canadian Pacific Railroad Canadian Pacific Railroad
Fill 355,511 CY $9.00 $3,200 Fill 841,978 CY $9.00 $7,578 Fill 2,115,656 CY $9.00 $19,041
Riprap 438,643 CY  $30.00 $13,159 Riprap 470690 CY  $30.00 $14,121 Riprap 714,781 CcYy $30.00 $21,443
Rail 59,450 LF  $135.00 $8,026 Rail 22,950 LF  $135.00 $3,098 Rail 6,250 LF $135.00 $844
Bridge Raise 1 EA  $212,000 $212 Bridge Raise 1 EA  $212,000 $212 Bridge Rais¢ 1 EA  $212,000 $212
Total $24,597 Total $25,009 Total $41,540
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Economic Analysis of Strategies for

Table 2.10 - 3

Canadian Pacific Railroad: City of Devils Lake to Harlowe
(Feature 10)

Stochastic Analysis (ST)
Mean Value over 10,000 Traces (Annual)

Strategy COSTS DAMAGES Total Benefits Net Benefits Benefit- Cost Ratio
Raise Total Restoration | Detour Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation |Description A B=A C D E=C+D F =E(A) - E(S) * G=F-B I=F/B
A Temporary Closure During Floods at First Action Le $0 $0 $136,200| ###### | $237,600 $0 $0 -
R Rail Raise to 1468 HUH#RHH B || H PR HH B $0 $0 $0 $237,600 -$2,230,800 0.10
R(1)A 1 Rail Raise: Then Temporary Closure During Floo{ $666,200|| $666,200 $49,000(%$27,000 $75,900 $161,600 -$504,500 0.24
R(2)A 2 Rail Raises: Then Temporary Closure During Flod $837,700| $837,700 $24,200( $6,300 $30,500 $207,100 -$630,600 0.25
R(3) 3 Incr. Rail Raises $934,400] $934,400 $0 $0 $0 $237,600 -$696,700 0.25
Wet Future Scenario (WF)
(Annual)
Strategy COSTS DAMAGES Total Benefits Net Benefits Benefit- Cost Ratio
Raise Total Restoration | Detour Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation [Description A B=A C D E=C+D F =E(A) - E(S) * G=F-B I=F/B
A Temporary Closure During Floods at First Action Le $0 $0 $0 | #it##H## [ $476,900 $0 $0 -
R Rail Raise to 1468 HAHHH AR || PR HH R $0 $0 $0 $476,900 -$4,902,900 0.09
R(1A 1 Rail Raise: Then Temporary Closure During Floo( ######## || ####HH# $158,300| #i##### || $454,000 $22,800 -$1,429,000 0.02
R(2)A 2 Rail Raises: Then Temporary Closure During Flod ######## || ####H#H##H# $179,000| ###### || $304,000 $172,800 -$2,297,700 0.07
R(3) 3 Incr. Rail Raises HHHBH AR || HHRH AR $0 $0 $0 $476,900 -$3,161,700 0.13
Moderate Future 1 Scenario (M1)
(Annual)
Strategy COSTS DAMAGES Total Benefits Net Benefits Benefit- Cost Ratio
Raise Total Restoration | Detour Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation [Description A B=A C D E=C+D F = E(A) - E(S) * G=F-B I=F/B
A Temporary Closure During Floods at First Action Le $0 $0 $123,300($40,400{ $163,700 $0 $0 -
R Rail Raise to 1468 $0 $0 $0 $163,700| -$2,398,900 0.06
R(DA 1 Rail Raise: Then Temporary Closure During Floo{ $691,500|f $691,500 $0 $0 $0 $163,700 -$527,800 0.24
R(2)A 2 Rail Raises: Then Temporary Closure During Flod $691,500| $691,500 $0 $0 $0 $163,700 -$527,800 0.24
R(3) 3 Incr. Rail Raises $691,500/ $691,500 $0 $0 $0 $163,700 -$527,800 0.24
Moderate Future 2 Scenario (M2)
(Annual)
Strategy COSTS DAMAGES Total Benefits Net Benefits Benefit- Cost Ratio
Raise Total Restoration | Detour Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation [Description A B=A C D E=C+D F = E(A) - E(S) * G=F-B I=F/B
A Temporary Closure During Floods at First Action Le $0 $0 $161,800| ###### || $407,600 $0 $0 -
R Rail Raise to 1468 HHH#RHH R || PR HH AR $0 $0 $0 $407,600 -$3,793,900 0.10
R(DA 1 Rail Raise: Then Temporary Closure During Floo( ######## || ####H## $207,200|$67,500| $274,800 $132,900f -$1,001,000 0.12
R(2)A 2 Rail Raises: Then Temporary Closure During Flod ##t####H# || #t#H###H#H $0 $0 $0 $407,600 -$1,474,200 0.22
R(3) 3 Incr. Rail Raises HAHHHHRH || HHRHH AR $0 $0 $0 $407,600 -$1,474,200 0.22

All dollar values are present worth values annualized over a 50-year period at an interest rate of 6.375% and rounded to the nearest $100.
* Total benefits are calculated as the total damages incurred for "temporary closure strategy" minus the total damages for the strategy implemented (E(S)).




Attachment to 2.10:
Canadian Pacific Railroad Economic Analysis Assumptions

1.

Based on conversation with Greg Haug of Northern Plains Railroad, lessee of Canadian Pacific
Railroad (CPR) tracks, CPR would not reroute rails to higher ground. Rerouting the track wouldbe
extremely costly. Even rebuilding a portion of the track within the railroad’s right-of-way hasproven
to be an expensive effort. The railroad would likely raise the tracks to keep the line open asthe lake
level rises.

This railroad has been closed since 1998. The current lake level is 4 feet below the lowest elevation
of the tracks (1450 MSL); however, wave action has caused erosion damage to the sides of the rail
bed, making the railroad too dangerous to use. The tracks between the City of Devils Lake and
Harlowe were predominantly used for grain shipments. Grain is now trucked to a BNSF line instead
of being shipped by rail. This increases shipment costs by approximately $480,000 per year (based
on conversations with Greg Haug — Northern Plains Railroad, lessee of CPR tracks).

Northern Plains Railroad does not consider the railroad “abandoned” because they intend to reopen
the tracks if they receive funding from the US Congress for repair and raises. Instead the railroadis
considered “embargoed.” For this analysis, it was assumed that the funding will become available
and the railroad will be reopened.

General Assumptions

1.

Costs of railroad raises and restorations were obtained from Devils Lake Flood Control: Economics
Database Update: Transportation Report, Barr Engineering Company, January 1998. These costs
were updated for 2001 based on conversations with area railroad companies as follows:

a. Filter fabric will no longer be placed under riprap for railroad raises; therefore, filter fabric costs
were not included in the analysis.

b. Riprap costs have increased from $20 per cubic yard to $30 per cubic yard due to inflation and
scarcity of materials in the area.

c. Fill costs have increased from $4.50 per cubic yard to $9 per cubic yard based on current costsin
the area.

d. Coststo install rails, ties and ballast were estimated at $135 per linear foot, which is
representative of the cost of current installation methods in the area.

e. Estimated railroad bridge raise costs were decreased from $500,000 per 100-foot bridge to
$212,000 per 100-foot bridge based on new information on construction methods.
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2.

f. Side slopes for raises and repair of rail beds were assumed to be 2:1 instead of 3:1,based on new
information on construction methods. T his revised assumption was also made for the sice slopes
of existing rail beds.

g. Detour damages for rail abandonment were inflated to 2001 dollars.

It was assumed that decisions on protection would occur when the lake level is 1 foot belowthe top of
the lowest rail bed.

If the railroad feature has a bridge with a low chord below the lowest rail bed, no decision will occur
until the lake level is within 1 foot of the top of the lowest rail bed.

If railroads are temporarily closed during flooding, they were assumed to be restored when the lake
recedes. Although some spur lines have been abandoned in recent years due to a loss of profitahility
of the lines, representatives of the respective railroads have indicated that they have no plans to
abandon these specific spur lines and have indicated they would restore them if they were temporarily
flooded. Burlington Northern Railroad does have a legal commitment to limit the total milesof tracks
abandoned in the state, but can abandon a line if it is out of service for 2 years or more (based ona
conversation with Don Laschkewitsch, Transportation Senior Manager, Railroads NDDOT). For this
study, it was assumed that the tracks would not be abandoned, but may be temporarily closed during
flooding and restored when the lake recedes to 1 foot belowthe top of the lowest rail bed (aggin, with
the exception of Feature 9).
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Attachment to 2.11:

Burlington Northern Railroad (along US Highway 2) Economic

Analysis Assumptions

1. The track along US Highway 2 is a transcontinental freight route that extends from the Sate of New
York to the State of Washington (through the City of Devils Lake). Amtrak passenger routesuse the
track and many other companies use the track for shipping a variety of products across the country.
Burlington Northern and Sante Fe Railway Company (BNSF) has no plans to temporarily closethis
line because it would affect so many train routes (conversation with Cliff Inman, BNSF). During
rapid rises in the lake level, this line might experience inadvertent closure(s) due to wave action
damages or subbase failure from long-term submergence of the rail bed. Aswith CPR, reroutingthe
BNSF tracks is not considered a feasible option. Therefore, rerouting tracks was not consideredasa
strategy in this study. Consequently, the only protection strategy evaluated for this feature is rail
raises. For the no protection strategy, detour damages were estimated based on assumptions
described in the following paragraphs (a — m). These detour damages were estimated in 1998,
therefore they were updated for inflation by multiplying them by the ENR Construction Cost
Index of 1.06. This accounts for 6% inflation during the period from 1998 to February 2001.
The 1998 assumptions are as follows:

a. In general, the train traffic that runs through Devils Lake along US Highway 2 consists of two
Amtrak trains per day; two merchandise trains per day, six times per week (100 cars per train);
and four grain trains per week (104 cars per train). The merchandise and grain trainsmake stops
in Devils Lake to pick up/drop off cargo and then continue on in the same direction.

b. The detour costs for Amtrak trains were based on a conversation with Gary Erford Produce Line
Director, Amtrak. If the rail line along US Highway 2 were closed, Amtrak trains would be
rerouted from Fargo, northwest to Minot (along Highway 52... hereafter called the lower track).
Consequently, there would be no Amtrak service for Grand Forks, Devils Lake and Rugby.

c. The lost service to the three cities for Amtrak was estimated to result in approximately $100,000
per year revenue to Amtrak. Although bus service could be used to transport passengers from
Grand Forks, Devils Lake, and Rugby to Minot or Fargo at a cost of $365,000 per year, it was
assumed that service would be stopped to these three cities. The updated value for lost train
service is $106,000.

d. The other Amtrak damage involved in abandoning the track along US Highway 2 is the logt time
due to congestion on the Fargo-Minot line (the lower track). When Amtrak first snitched over to
the lower track during the 1997 floods, their trains had delays of 1 to 2 hours per trip. However,
after the fleeting was better organized, the delay was down to 30 minutes. T his is considereda
better estimate of a typical Amtrak delay along this line. This delay does not take into account
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those times that bad weather or mechanical failure cause extreme hold-ups along the line. The
cost associated with delay is $155 per minute, based on Amtrak computations. T his 30-minute
delay at $155 per minute was assumed for this study, and incorporates passenger time, crewover
time and fuel. The updated cost associated with the delay is $164 per minute.

e. Data for the grain and merchandise train detour costs are based on conversation with Doug
Chapel, Train Master of North Dakota in Fargo—in charge of the Burlington Northern line
between Minot and Grand Forks and with Chuck Wendt, Superintendent of Operations in Fargo.

f.  Doug Chapel stressed the issue of congestion on the would-be detour line from Fargo to Minot
(the lower track). Amtrak trains are on the upper Devils Lake line because of the difficuitiesof
congestion on the lower line, not because Amtrak business is booming in Devils Lake. Routing
trains on the lower line would be more of a short-term fix rather than an easy solution to an
abandoned track through Devils Lake.

g. John Quiltey, the BNR Head of the Locomotive Engineers in Forth Worth, T X andip Trader,
also of the BNR Fort Worth Office, were contacted regarding detour costs.

h. The detour costs for merchandise and grain trains were based on fuel costs and crew overtime
using Amtrak’s 30-minute delay and assuming the detoured trains travel at 70 mph. An
equivalent detour mileage for the time delay is then 35 miles.

i. Fuel costs for 1997 of $0.684/gal were assumed, based on conversations with Mr. Skip Trader
(BNSF Fort Worth). Fuel efficiency is based on a Gross Ton Mile/Gal figure, at 711 ton mile/cgl
for 1997. In other words, 711 gross tons (material plus car weight) were transported1 mile Lsing
1 gallon of diesel fuel. The updated fuel cost is $0.725/gal.

J. The average capacity of grain and merchandise cars was obtained from the BNSF Railroad web
site—an average agricultural car capacity of 134 gross tons and an average boxcar capacity of
120 gross tons.

k. The average crew required to operate a train was assumed to be three, plus one more person for
switch operation. Dennis Mead (BNSF Payroll) stated that the crew members get paid on a
mileage basis until a certain limit is reached. After that, a lot of other add-ons occurandthat no
general assumptions could be made for the 30 additional minutes of crew delay time. Therefore,
the crew was assumed to be paid at an average hourly rate of $25/hr/person and that delayswould
be paid at 1.5 the normal rate. The updated average hourly rate is $26.50/hr/person.

I.  The detour costs do not account for trucking of merchandise and grain to/from Devils Lake.
However, if the track along US Highway 2 is under water, the viability of commerce in Devils
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Lake is questionable and there may not be as great a need for merchandise and grain shipment
to/from Devils Lake.

m. The detour costs also do not address the possibility of additional delays that other exigingtrains
would experience due to the additional traffic from the upper track. However, five more trains
per day on the lower track may not make much difference to the trains already there, especially if
fleeting is well coordinated.

2. Recent surveys (2001) indicate that this segment of the BNSF has 3 signaling stations that would
need to be replaced if the railroad is raised. The replacement cost for the signaling network (ie.all 3
signaling stations) is estimated to be $850,000. T he signaling network would need to be replacedfor
each incremental railroad raise.

3. Recent surveys (2001) indicate that railroad raises would affect 3 road crossings. T he cost to rebuild
each crossing is estimated to be $1,000 per track-foot and the typical track-foot length is 30 feet;
therefore, the total estimated rebuild cost would be $30,000.

General Assumptions

1. Costs of railroad raises and restorations were obtained from Devils Lake Flood Control: Economics
Database Update: Transportation Report, Barr Engineering Company, January 1998. These cods
were updated for 2001 based on conversations with area railroad companies as follows:

a. Filter fabric will no longer be placed under riprap for railroad raises; therefore, filter fabric costs
were not included in the analysis.

b. Riprap costs have increased from $20 per cubic yard to $30 per cubic yard due to inflation and
scarcity of materials in the area.

c. Fill costs have increased from $4.50 per cubic yard to $9 per cubic yard based on current costsin
the area.

d. Coststo install rails, ties and ballast were estimated at $135 per linear foot, which is
representative of the cost of current installation methods in the area.

e. Estimated railroad bridge raise costs were decreased from $500,000 per 100-foot bridge to
$212,000 per 100-foot bridge based on new information on construction methods.

f.  Side slopes for raises and repair of rail beds were assumed to be 2:1 instead of 3:1,based on new
information on construction methods. T his revised assumption was also made for the sice slopes
of existing rail beds.

g. Detour damages for rail abandonment were inflated to 2001 dollars.
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2.

It was assumed that decisions on protection would occur when the lake level is 1 foot belowthe top of
the lowest rail bed.

If the railroad feature has a bridge with a low chord below the lowest rail bed, no decision will occur
until the lake level is within 1 foot of the top of the lowest rail bed.

If railroads are temporarily closed during flooding, they were assumed to be restored when the lake
recedes. Although some spur lines have been abandoned in recent years due to a loss of profitahility
of the lines, representatives of the respective railroads have indicated that they have no plans to
abandon these specific spur lines and have indicated they would restore them if they were temporarily
flooded. Burlington Northern Railroad does have a legal commitment to limit the total milesof tracks
abandoned in the state, but can abandon a line if it is out of service for 2 years or more (based ona
conversation with Don Laschkewitsch, Transportation Senior Manager, Railroads NDDOT). For this
study, it was assumed that the tracks would not be abandoned, but may be temporarily closed during
flooding and restored when the lake recedes to 1 foot below the top of the lowest rail bed (again, with
the exception of Feature 9).
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Table 2.11-1

Flood Damages
Feature 11: Burlington Northern Railroad (Along US Highway 2)

Devils Lake Infrastructure Protection Study

DAMAGES
Action
Levels Annual Detour Damages
(THOUSANDS)
AL1 - AL2 $4,141
DAMAGE BREAKDOWN
AL1-AL2
Description Quantity Units Unit Value
Damage Cost (THOUSANDS)
Annual Detour Damages Burlington Northern Railroad
BNSF - Grain Trains 1 LS $113,201 $113
BNSF - Merchandise Trains 1 LS $298,928 $299
AMTRACK 1 LS $3,494,500 $3,495
Subtotal $3,907
2001 Total (add inflation) $4,141
Total $4,141
Restoration Damages
Excavation Fill Rail Material Bridge Repair
Total Units Unit Value Units Unit Value Units Unit Value Units Unit Value
Elevation (THOUSANDS) Quantity Cost (THOUSANDS) Quantity Cost (THOUSANDS) Quantity Cost (THOUSANDS) Quantity Cost (THOUSANDS)
1452 $0
1453 $2,897 21,083 CY $2.65 $56 21,083 CcY $9.00 $190 16,500 LF $135 $2,228 2 EA $212,000 $424
1454 $2,897 21,083 CY $2.65 $56 21,083 CcY $9.00 $190 16,500 LF $135 $2,228 2 EA $212,000 $424
1455 $2,897 21,083 CY $2.65 $56 21,083 CY $9.00 $190 16,500 LF $135 $2,228 2 EA $212,000 $424
1456 $2,912 21,211 CY $2.65 $56 21,211 CcY $9.00 $191 16,600 LF $135 $2,241 2 EA $212,000 $424
1457 $2,912 21,211 CY $2.65 $56 21,211 CcY $9.00 $191 16,600 LF $135 $2,241 2 EA $212,000 $424
1458 $4,201 32,200 CY $2.65 $85 32,200 CcY $9.00 $290 25,200 LF $135 $3,402 2 EA $212,000 $424
1459 $5,093 39,803 CY $2.65 $105 39,803 CY $9.00 $358 31,150 LF $135 $4,205 2 EA $212,000 $424
1460 $5,093 39,803 CY $2.65 $105 39,803 CcY $9.00 $358 31,150 LF $135 $4,205 2 EA $212,000 $424
1461 $9,230 75,069 CY $2.65 $199 75,069 CcY $9.00 $676 58,750 LF $135 $7,931 2 EA $212,000 $424
1462 $10,032 81,906 CY $2.65 $217 81,906 CcY $9.00 $737 64,100 LF $135 $8,654 2 EA $212,000 $424
1463 $12,205 100,433 CY $2.65 $266 100,433 CY $9.00 $904 78,600 LF $135 $10,611 2 EA $212,000 $424

Notes:

1. AL = Decision/Action Level specified on decision tree.

2. Elevations for decision/action levels are shown at 1-foot increments, rounded down to the nearest foot.

3. 2001 Total for annual detour damages is equal to the 1998 Total cost multiplied by 6% to increase for inflation.
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STRATEGY COSTS BY ACTION LEVEL

Table 2.11-2

Flood Protection Costs

Feature 11: Burlington Northern Railroad (Along US Highway 2

Devils Lake Infrastructure Protection Study

R(1)A

R(2)

Notes:

1. AL = Decision/Action Level specified on decision tree.

2. Elevations for decision/action levels are shown at 1-foot increments, rounded down to the nearest foot.

3. The costs for the Maximum Raise at AL1 strategy (R) is equal to the sum of the costs for all incremental raises.

P:\34\36\020\Cost Tables\2001 Reformatted Tables\FeatureCosts_2001.xls

Action
Level | Lake Elevation Maximum Raise at AL1 Temporary Closure at AL1 Raise at AL1; Temporary Closure at AL2 Raise at AL1, AL2
(MSL) (THOUSANDS)
AL1 1454 $63,879 | $0 $16,452 $16,452
AL2 1459 $0 | $0 $0 $47,427
COST BREAKDOWN
R(1DA
R@2) R(2)
Lake Elevation 1454 Lake Elevation 1459
Strategy Description Quantity| Units Unit Value Description Quantity | Units Unit Value
Incremental Raise Cost (THOUSANDS) Cost (THOUSANDS)
Rail Raise Burlington Northern Railroad Burlington Northern Railroad
Fill 197,909 CY $9.00 $1,781 Fill 1524490 CY $9.00 $13,720
Riprap 283672 CY $30.00 $8,510 Riprap 882469 CY  $30.00 $26,474
Rail 42,050 LF $135.00 $5,677 Rail 49,990 LF $135.00 $6,749
Bridge Raise 2 EA  $212,000 $424 Bridge Raise 2 EA  $212,000 $424
Rail Crossing Raise 2 EA $30,000 $60 Rail Crossing Raise 2 EA  $30,000 $60
Total $16,452 Total $47,427

1/9/2003
9:15 AM



Table 2.11 -3

Economic Analysis of Strategies for
Burlington Northern Railroad: Along US Highway 2
(Feature 11)

Stochastic Analysis (ST)
Mean Value over 10,000 Traces (Annual)

Strategy COSTS DAMAGES Total Benefits Net Benefits Benefit- Cost Ratio
Raise Total Restoration Detour Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation |Description A B=A c D E=C+D F=E(A)-E(@S)* G=F-B I=F/B
A Temporary Closure During Floods at First Action Level $0 $0 $25,800 $349,100 $375,000 $0 $0 -
R Rail Raise to 1468 $717,200  $717,200 $0 $0 $0 $375,000 -$342,200 0.52
R(2) 2 Incr. Rail Raises $294,100 $294,100 $0 $0 $0 $375,000 $80,800 1.28
Wet Future Scenario (WF)
(Annual)
Strategy COSTS DAMAGES Total Benefits Net Benefits Benefit- Cost Ratio
Raise Total Restoration Detour Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation |[Description A B=A C D E=C+D F=EA)-ES)* G=F-B I=F/B
A Temporary Closure During Floods at First Action Level $0 $0 $79,700| $2,918,300| $2,997,900 $0 $0 --
R Rail Raise to 1468 $3,198,900( $3,198,900 $0 $0 $0 $2,997,900 -$200,900 0.94
R(2) 2 Incr. Rail Raises $2,248,900( $2,248,900 $0 $0 $0 $2,997,900 $749,000 1.33
Moderate Future 1 Scenario (M1)
(Annual)
Strategy COSTS DAMAGES Total Benefits Net Benefits Benefit- Cost Ratio
Raise Total Restoration Detour Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation |Description A B=A C D E=C+D F=E(A)-E(S)* G=F-B I=F/B
A Temporary Closure During Floods at First Action Level $0 $0 $0 $0 $0 $0 $0 --
R Rail Raise to 1468 $0 $0 $0 $0 $0 $0 $0 -
R(2) 2 Incr. Rail Raises $0 $0 $0 $0 $0 $0 $0 -
Moderate Future 2 Scenario (M2)
(Annual)
Strategy COSTS DAMAGES Total Benefits Net Benefits Benefit- Cost Ratio
Raise Total Restoration Detour Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation |Description A B=A c D E=C+D F=E(A)-E(@S)* G=F-B I=F/B
A Temporary Closure During Floods at First Action Level $0 $0 $63,600 $640,300 $704,000 $0 $0 --
R Rail Raise to 1468 $2,075,500] $2,075,500 $0 $0 $0 $704,000 -$1,371,500 0.34
R(2) 2 Incr. Rail Raises $495,300 $495,300 $0 $0 $0 $704,000 $208,600 1.42

All dollar values are present worth values annualized over a 50-year period at an interest rate of 6.375% and rounded to the nearest $100.
* Total benefits are calculated as the total damages incurred for "temporary closure strategy" minus the total damages for the strategy implemented (E(S)).




Attachment to 2.11:

Burlington Northern Railroad (along US Highway 2) Economic

Analysis Assumptions

1. The track along US Highway 2 is a transcontinental freight route that extends from the Sate of New
York to the State of Washington (through the City of Devils Lake). Amtrak passenger routesuse the
track and many other companies use the track for shipping a variety of products across the country.
Burlington Northern and Sante Fe Railway Company (BNSF) has no plans to temporarily closethis
line because it would affect so many train routes (conversation with Cliff Inman, BNSF). During
rapid rises in the lake level, this line might experience inadvertent closure(s) due to wave action
damages or subbase failure from long-term submergence of the rail bed. Aswith CPR, reroutingthe
BNSF tracks is not considered a feasible option. Therefore, rerouting tracks was not consideredasa
strategy in this study. Consequently, the only protection strategy evaluated for this feature is rail
raises. For the no protection strategy, detour damages were estimated based on assumptions
described in the following paragraphs (a — m). These detour damages were estimated in 1998,
therefore they were updated for inflation by multiplying them by the ENR Construction Cost
Index of 1.06. This accounts for 6% inflation during the period from 1998 to February 2001.
The 1998 assumptions are as follows:

a. In general, the train traffic that runs through Devils Lake along US Highway 2 consists of two
Amtrak trains per day; two merchandise trains per day, six times per week (100 cars per train);
and four grain trains per week (104 cars per train). The merchandise and grain trainsmake stops
in Devils Lake to pick up/drop off cargo and then continue on in the same direction.

b. The detour costs for Amtrak trains were based on a conversation with Gary Erford Produce Line
Director, Amtrak. If the rail line along US Highway 2 were closed, Amtrak trains would be
rerouted from Fargo, northwest to Minot (along Highway 52... hereafter called the lower track).
Consequently, there would be no Amtrak service for Grand Forks, Devils Lake and Rugby.

c. The lost service to the three cities for Amtrak was estimated to result in approximately $100,000
per year revenue to Amtrak. Although bus service could be used to transport passengers from
Grand Forks, Devils Lake, and Rugby to Minot or Fargo at a cost of $365,000 per year, it was
assumed that service would be stopped to these three cities. The updated value for lost train
service is $106,000.

d. The other Amtrak damage involved in abandoning the track along US Highway 2 is the logt time
due to congestion on the Fargo-Minot line (the lower track). When Amtrak first snitched over to
the lower track during the 1997 floods, their trains had delays of 1 to 2 hours per trip. However,
after the fleeting was better organized, the delay was down to 30 minutes. T his is considereda
better estimate of a typical Amtrak delay along this line. This delay does not take into account
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those times that bad weather or mechanical failure cause extreme hold-ups along the line. The
cost associated with delay is $155 per minute, based on Amtrak computations. T his 30-minute
delay at $155 per minute was assumed for this study, and incorporates passenger time, crewover
time and fuel. The updated cost associated with the delay is $164 per minute.

e. Data for the grain and merchandise train detour costs are based on conversation with Doug
Chapel, Train Master of North Dakota in Fargo—in charge of the Burlington Northern line
between Minot and Grand Forks and with Chuck Wendt, Superintendent of Operations in Fargo.

f.  Doug Chapel stressed the issue of congestion on the would-be detour line from Fargo to Minot
(the lower track). Amtrak trains are on the upper Devils Lake line because of the difficuitiesof
congestion on the lower line, not because Amtrak business is booming in Devils Lake. Routing
trains on the lower line would be more of a short-term fix rather than an easy solution to an
abandoned track through Devils Lake.

g. John Quiltey, the BNR Head of the Locomotive Engineers in Forth Worth, T X andip Trader,
also of the BNR Fort Worth Office, were contacted regarding detour costs.

h. The detour costs for merchandise and grain trains were based on fuel costs and crew overtime
using Amtrak’s 30-minute delay and assuming the detoured trains travel at 70 mph. An
equivalent detour mileage for the time delay is then 35 miles.

i. Fuel costs for 1997 of $0.684/gal were assumed, based on conversations with Mr. Skip Trader
(BNSF Fort Worth). Fuel efficiency is based on a Gross Ton Mile/Gal figure, at 711 ton mile/cgl
for 1997. In other words, 711 gross tons (material plus car weight) were transported1 mile Lsing
1 gallon of diesel fuel. The updated fuel cost is $0.725/gal.

J. The average capacity of grain and merchandise cars was obtained from the BNSF Railroad web
site—an average agricultural car capacity of 134 gross tons and an average boxcar capacity of
120 gross tons.

k. The average crew required to operate a train was assumed to be three, plus one more person for
switch operation. Dennis Mead (BNSF Payroll) stated that the crew members get paid on a
mileage basis until a certain limit is reached. After that, a lot of other add-ons occurandthat no
general assumptions could be made for the 30 additional minutes of crew delay time. Therefore,
the crew was assumed to be paid at an average hourly rate of $25/hr/person and that delayswould
be paid at 1.5 the normal rate. The updated average hourly rate is $26.50/hr/person.

I.  The detour costs do not account for trucking of merchandise and grain to/from Devils Lake.
However, if the track along US Highway 2 is under water, the viability of commerce in Devils
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Lake is questionable and there may not be as great a need for merchandise and grain shipment
to/from Devils Lake.

m. The detour costs also do not address the possibility of additional delays that other exigingtrains
would experience due to the additional traffic from the upper track. However, five more trains
per day on the lower track may not make much difference to the trains already there, especially if
fleeting is well coordinated.

2. Recent surveys (2001) indicate that this segment of the BNSF has 3 signaling stations that would
need to be replaced if the railroad is raised. The replacement cost for the signaling network (ie.all 3
signaling stations) is estimated to be $850,000. T he signaling network would need to be replacedfor
each incremental railroad raise.

3. Recent surveys (2001) indicate that railroad raises would affect 3 road crossings. T he cost to rebuild
each crossing is estimated to be $1,000 per track-foot and the typical track-foot length is 30 feet;
therefore, the total estimated rebuild cost would be $30,000.

General Assumptions

1. Costs of railroad raises and restorations were obtained from Devils Lake Flood Control: Economics
Database Update: Transportation Report, Barr Engineering Company, January 1998. These cods
were updated for 2001 based on conversations with area railroad companies as follows:

a. Filter fabric will no longer be placed under riprap for railroad raises; therefore, filter fabric costs
were not included in the analysis.

b. Riprap costs have increased from $20 per cubic yard to $30 per cubic yard due to inflation and
scarcity of materials in the area.

c. Fill costs have increased from $4.50 per cubic yard to $9 per cubic yard based on current costsin
the area.

d. Coststo install rails, ties and ballast were estimated at $135 per linear foot, which is
representative of the cost of current installation methods in the area.

e. Estimated railroad bridge raise costs were decreased from $500,000 per 100-foot bridge to
$212,000 per 100-foot bridge based on new information on construction methods.

f.  Side slopes for raises and repair of rail beds were assumed to be 2:1 instead of 3:1,based on new
information on construction methods. T his revised assumption was also made for the sice slopes
of existing rail beds.

g. Detour damages for rail abandonment were inflated to 2001 dollars.
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2.

It was assumed that decisions on protection would occur when the lake level is 1 foot belowthe top of
the lowest rail bed.

If the railroad feature has a bridge with a low chord below the lowest rail bed, no decision will occur
until the lake level is within 1 foot of the top of the lowest rail bed.

If railroads are temporarily closed during flooding, they were assumed to be restored when the lake
recedes. Although some spur lines have been abandoned in recent years due to a loss of profitahility
of the lines, representatives of the respective railroads have indicated that they have no plans to
abandon these specific spur lines and have indicated they would restore them if they were temporarily
flooded. Burlington Northern Railroad does have a legal commitment to limit the total milesof tracks
abandoned in the state, but can abandon a line if it is out of service for 2 years or more (based ona
conversation with Don Laschkewitsch, Transportation Senior Manager, Railroads NDDOT). For this
study, it was assumed that the tracks would not be abandoned, but may be temporarily closed during
flooding and restored when the lake recedes to 1 foot below the top of the lowest rail bed (again, with
the exception of Feature 9).
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Attachment to 2.11:

Burlington Northern Railroad (along US Highway 2) Economic

Analysis Assumptions

1. The track along US Highway 2 is a transcontinental freight route that extends from the Sate of New
York to the State of Washington (through the City of Devils Lake). Amtrak passenger routesuse the
track and many other companies use the track for shipping a variety of products across the country.
Burlington Northern and Sante Fe Railway Company (BNSF) has no plans to temporarily closethis
line because it would affect so many train routes (conversation with Cliff Inman, BNSF). During
rapid rises in the lake level, this line might experience inadvertent closure(s) due to wave action
damages or subbase failure from long-term submergence of the rail bed. Aswith CPR, reroutingthe
BNSF tracks is not considered a feasible option. Therefore, rerouting tracks was not consideredasa
strategy in this study. Consequently, the only protection strategy evaluated for this feature is rail
raises. For the no protection strategy, detour damages were estimated based on assumptions
described in the following paragraphs (a — m). These detour damages were estimated in 1998,
therefore they were updated for inflation by multiplying them by the ENR Construction Cost
Index of 1.06. This accounts for 6% inflation during the period from 1998 to February 2001.
The 1998 assumptions are as follows:

a. In general, the train traffic that runs through Devils Lake along US Highway 2 consists of two
Amtrak trains per day; two merchandise trains per day, six times per week (100 cars per train);
and four grain trains per week (104 cars per train). The merchandise and grain trainsmake stops
in Devils Lake to pick up/drop off cargo and then continue on in the same direction.

b. The detour costs for Amtrak trains were based on a conversation with Gary Erford Produce Line
Director, Amtrak. If the rail line along US Highway 2 were closed, Amtrak trains would be
rerouted from Fargo, northwest to Minot (along Highway 52... hereafter called the lower track).
Consequently, there would be no Amtrak service for Grand Forks, Devils Lake and Rugby.

c. The lost service to the three cities for Amtrak was estimated to result in approximately $100,000
per year revenue to Amtrak. Although bus service could be used to transport passengers from
Grand Forks, Devils Lake, and Rugby to Minot or Fargo at a cost of $365,000 per year, it was
assumed that service would be stopped to these three cities. The updated value for lost train
service is $106,000.

d. The other Amtrak damage involved in abandoning the track along US Highway 2 is the logt time
due to congestion on the Fargo-Minot line (the lower track). When Amtrak first snitched over to
the lower track during the 1997 floods, their trains had delays of 1 to 2 hours per trip. However,
after the fleeting was better organized, the delay was down to 30 minutes. T his is considereda
better estimate of a typical Amtrak delay along this line. This delay does not take into account
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those times that bad weather or mechanical failure cause extreme hold-ups along the line. The
cost associated with delay is $155 per minute, based on Amtrak computations. T his 30-minute
delay at $155 per minute was assumed for this study, and incorporates passenger time, crewover
time and fuel. The updated cost associated with the delay is $164 per minute.

e. Data for the grain and merchandise train detour costs are based on conversation with Doug
Chapel, Train Master of North Dakota in Fargo—in charge of the Burlington Northern line
between Minot and Grand Forks and with Chuck Wendt, Superintendent of Operations in Fargo.

f.  Doug Chapel stressed the issue of congestion on the would-be detour line from Fargo to Minot
(the lower track). Amtrak trains are on the upper Devils Lake line because of the difficuitiesof
congestion on the lower line, not because Amtrak business is booming in Devils Lake. Routing
trains on the lower line would be more of a short-term fix rather than an easy solution to an
abandoned track through Devils Lake.

g. John Quiltey, the BNR Head of the Locomotive Engineers in Forth Worth, T X andip Trader,
also of the BNR Fort Worth Office, were contacted regarding detour costs.

h. The detour costs for merchandise and grain trains were based on fuel costs and crew overtime
using Amtrak’s 30-minute delay and assuming the detoured trains travel at 70 mph. An
equivalent detour mileage for the time delay is then 35 miles.

i. Fuel costs for 1997 of $0.684/gal were assumed, based on conversations with Mr. Skip Trader
(BNSF Fort Worth). Fuel efficiency is based on a Gross Ton Mile/Gal figure, at 711 ton mile/cgl
for 1997. In other words, 711 gross tons (material plus car weight) were transported1 mile Lsing
1 gallon of diesel fuel. The updated fuel cost is $0.725/gal.

J. The average capacity of grain and merchandise cars was obtained from the BNSF Railroad web
site—an average agricultural car capacity of 134 gross tons and an average boxcar capacity of
120 gross tons.

k. The average crew required to operate a train was assumed to be three, plus one more person for
switch operation. Dennis Mead (BNSF Payroll) stated that the crew members get paid on a
mileage basis until a certain limit is reached. After that, a lot of other add-ons occurandthat no
general assumptions could be made for the 30 additional minutes of crew delay time. Therefore,
the crew was assumed to be paid at an average hourly rate of $25/hr/person and that delayswould
be paid at 1.5 the normal rate. The updated average hourly rate is $26.50/hr/person.

I.  The detour costs do not account for trucking of merchandise and grain to/from Devils Lake.
However, if the track along US Highway 2 is under water, the viability of commerce in Devils
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Lake is questionable and there may not be as great a need for merchandise and grain shipment
to/from Devils Lake.

m. The detour costs also do not address the possibility of additional delays that other exigingtrains
would experience due to the additional traffic from the upper track. However, five more trains
per day on the lower track may not make much difference to the trains already there, especially if
fleeting is well coordinated.

2. Recent surveys (2001) indicate that this segment of the BNSF has 3 signaling stations that would
need to be replaced if the railroad is raised. The replacement cost for the signaling network (ie.all 3
signaling stations) is estimated to be $850,000. T he signaling network would need to be replacedfor
each incremental railroad raise.

3. Recent surveys (2001) indicate that railroad raises would affect 3 road crossings. T he cost to rebuild
each crossing is estimated to be $1,000 per track-foot and the typical track-foot length is 30 feet;
therefore, the total estimated rebuild cost would be $30,000.

General Assumptions

1. Costs of railroad raises and restorations were obtained from Devils Lake Flood Control: Economics
Database Update: Transportation Report, Barr Engineering Company, January 1998. These cods
were updated for 2001 based on conversations with area railroad companies as follows:

a. Filter fabric will no longer be placed under riprap for railroad raises; therefore, filter fabric costs
were not included in the analysis.

b. Riprap costs have increased from $20 per cubic yard to $30 per cubic yard due to inflation and
scarcity of materials in the area.

c. Fill costs have increased from $4.50 per cubic yard to $9 per cubic yard based on current costsin
the area.

d. Coststo install rails, ties and ballast were estimated at $135 per linear foot, which is
representative of the cost of current installation methods in the area.

e. Estimated railroad bridge raise costs were decreased from $500,000 per 100-foot bridge to
$212,000 per 100-foot bridge based on new information on construction methods.

f.  Side slopes for raises and repair of rail beds were assumed to be 2:1 instead of 3:1,based on new
information on construction methods. T his revised assumption was also made for the sice slopes
of existing rail beds.

g. Detour damages for rail abandonment were inflated to 2001 dollars.
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2.

It was assumed that decisions on protection would occur when the lake level is 1 foot belowthe top of
the lowest rail bed.

If the railroad feature has a bridge with a low chord below the lowest rail bed, no decision will occur
until the lake level is within 1 foot of the top of the lowest rail bed.

If railroads are temporarily closed during flooding, they were assumed to be restored when the lake
recedes. Although some spur lines have been abandoned in recent years due to a loss of profitahility
of the lines, representatives of the respective railroads have indicated that they have no plans to
abandon these specific spur lines and have indicated they would restore them if they were temporarily
flooded. Burlington Northern Railroad does have a legal commitment to limit the total milesof tracks
abandoned in the state, but can abandon a line if it is out of service for 2 years or more (based ona
conversation with Don Laschkewitsch, Transportation Senior Manager, Railroads NDDOT). For this
study, it was assumed that the tracks would not be abandoned, but may be temporarily closed during
flooding and restored when the lake recedes to 1 foot below the top of the lowest rail bed (again, with
the exception of Feature 9).
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2.12 Summary of Economic Analysis Investigation for Feature 12:
Burlington Northern Railroad (Churchs Ferry to Cando)

2.12.0 Flood Protection Strategy

The flood protection strategy that was analyzed in the Economic Analysis of Devils Lake
Alternatives for Burlington Northern Railroad (Churchs Ferry to Cando) was incremental rail
raises.

2.12.1 General Information
Feature Type: Railroad

Location: Feature 12 is the section of the Burlington Northern Railroad from Churchs Ferry to
Cando. The accompanying Figure 2.12-1 shows the feature’s location and approximate extents,
and the inundation extents at the three reference lake levels (1447, 1454, and 1463).

Description: Feature 12 is a railroad. The rail line is constructed on raised embankments
traversing overland. There are two bridges and two road crossings in this stretch of track.

Significance: The Burlington Northern Railroad (Churchs Ferry to Cando) is important because
the track carries an average of approximately 100 cars per month. The cars transport primarily
grain and fertilizer. If the track were closed, the freight would require another means of shipping
such as trucking, which is more expensive.

Damages: The flooding of the Burlington Northern Railroad (Churchs Ferry to Cando) would
result in the following damages:

» restoration cost
» alternate shipping/detour costs

Owner/Sponsor: The Burlington Northern and Sante Fe Railway Company (BNSF) is
responsible for managing and maintaining Feature 12.

Lead Federal Agency: The Corps of Engineers would take the lead for the Burlington Northern
Railroad (Churchs Ferry to Cando) for any flood protection work that may take place. The
Federal Railway Administration may provide funding.
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2.12.2 Feature Protection

History of Flood Protection: In the past, flood protection for the Burlington Northern Railroad
(Churchs Ferry to Cando) has not been an issue. Previous or current lake levels have not affected
the track.

General Protection Strategy: The Economic Analysis of Devils Lake Alternatives analysis
identified and evaluated several different approaches for protecting the Burlington Northern
Railroad (Churchs Ferry to Cando). These included:

» rerouting railroad to higher ground (this strategy was dropped based on discussions with
Burlington Northern Railroad staff)

e raising the tracks

Protection Strategy by Lake Level: The Economic Analysis of Devils Lake Alternatives
analyzed the flood protection strategy of raising the rail line, with flood protection decisions
being made at various lake levels as Devils Lake continued to rise. Figure 2.12-2 shows the
decision tree for Burlington Northern Railroad (Churchs Ferry to Cando). As shown on Figure
2.12-2, the stepwise approach to flood protection for Burlington Northern Railroad (Churchs
Ferry to Cando) that was analyzed consisted of the following:

1. At lake elevation 1454, a decision would be made as to whether the rail line would be raised
to 1460, or temporarily closed.

2. If the rail line were raised at the first action level, at lake elevation 1459, a decision would be
made as to whether the rail line would be raised to 1468, or temporarily closed.

The maximum protection strategy that was analyzed at the first action level was raising the rail
line to 1468. (Note that for the analysis, the decision regarding whether or not to raise the rail
line is made at a time when the lake is one foot below the minimum rail elevation that resulted
from the most recent raise.)

Interdependencies: The protection of Feature 12, Burlington Northern Railroad (Churchs Ferry
to Cando), is related to the protection of Feature 1, Churchs Ferry. Temporary closure of Feature
12 would affect the transport of materials in and out of Churchs Ferry.

Table 2.0-1, mentioned earlier in this report, provides a summary of the interdependencies among
the features.
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2.12.3 Feature Economics

Damages: For the Burlington Northern Railroad (Churchs Ferry to Cando), the damages
resulting from flooding were estimated up to the maximum lake level (1463). The damage
computations for Feature 12 are summarized in the accompanying Table 2.12-1.

The first portion of the table summarizes the detour and restoration damages. The second portion
of the table is a breakdown of the annual detour damages and the restoration damages associated
with each action level. Annual detour damage represents the cost for alternate shipping methods
and/or routes when the rail line is temporarily closed. Restoration damages include rebuilding the
rail with excavation, fill, rail material, and bridge repairs. Restoration damages are a per-event
damage. They are only incurred when and if the lake recedes below the rail bed after a period of
flooding. Restoration damages depend on the lake level during the period of flooding because the
extent of the rail line that needs restoration depends on the extent of flooding.

Unit costs for all the damage computations were discussed previously in Section 2.0, and are
detailed in Table 2.0-2. Assumptions regarding the damage computations, data sources, and other
aspects of the economic analysis for Feature 12 are listed in the Burlington Northern Railroad
(Churchs Ferry to Cando) Assumptions listing, appended to this Section 2.12.

Costs: The costs of providing flood protection for the Burlington Northern Railroad (Churchs
Ferry to Cando) are detailed in the accompanying Table 2.12-2. Unit costs, data sources, and
relevant assumptions are listed.

The first portion of the table shows the costs associated with each strategy for each action level
(1454 and 1459). The second portion of the table is a breakdown of costs for raising tracks and
railroad bridges. Itemized costs are broken down into six categories: fill, riprap, rail, bridge raise,
rail crossing raise, and signaling station raise.

Unit costs for all the cost computations were discussed previously in Section 2.0, and are detailed
in Table 2.0-2. Assumptions regarding the cost computations, data sources, and other aspects of
the economic analysis for Feature 12 are listed in the Burlington Northern Railroad (Churchs
Ferry to Cando) Assumptions listing, appended to this Section 2.12.

2.12.4 Results of Economic Analysis

The results of the Economic Analysis for the Burlington Northern Railroad (Churchs Ferry to
Cando) are listed in Table 2.12-3.

Stochastic Analysis Results: The stochastic analysis indicated that the net benefits for the
incremental rail raises were less than one (-$180,400) and the BCR was 0.19. Therefore this
strategy was not economically justified. This strategy is highlighted on the decision tree (Figure
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2.12-2). The present worth annualized detour damages that would be prevented by this strategy
were computed to be $27,000. The stochastic results are averages over 10,000 traces.

Results for Specific Scenarios: In the economic analysis, flood protection strategies were also
analyzed for three specific climate futures. For Burlington Northern Railroad (Churchs Ferry to
Cando), the identified strategy and the economic indices for each of the three climate futures are
as follows:

»  Wet Future — For the wet future, the protection strategy had negative net benefits
(-$1,614,700) and a BCR of 0.19. Therefore, the protection strategy for Burlington Northern
Railroad (Churchs Ferry to Cando) was not economically justified. For this future, the
present worth annualized detour damages that would be prevented were computed at
$295,700.

» First Moderate Future — For the first moderate future, lake levels do not reach first damage
levels.

» Second Moderate Future — For the second moderate future, the strategy had net benefits that
were -$396,100, and the BCR was 0.20, indicating that this strategy was not economically
justified. For this future, the present worth annualized detour damages that would be
prevented were computed at $67,500.
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Table 2.12-1

Flood Damages
Feature 12: Burlington Northern Railroad (Churchs Ferry to Cando)

Devils Lake Infrastructure Protection Study

DAMAGES
Action
Levels Annual Detour Damages
(THOUSANDS)
AL1 - AL2 $509
DAMAGE BREAKDOWN
AL1-AL2
Description Quantity Units Unit Value
Damage Cost (THOUSANDS)
Annual Detour Damages Burlington Northern Railroad
BNSF - Grain Trains 1 LS $480,000 $480
Subtotal $480
2001 Total (add inflation) $509
Total $509
Restoration Damages
Excavation Fill Rail Material Bridge Repair
Total Units Unit Value Units Unit Value Units Unit Value Units Unit Value
Elevation (THOUSANDS) Quantity Cost (THOUSANDS) Quantity Cost (THOUSANDS) Quantity Cost (THOUSANDS) Quantity Cost (THOUSANDS)
1454 $0
1455 $1,218 6,772 CY $2.65 $18 6,772 CY $9.00 $61 5,300 LF $135 $716 2 EA $212,000 $424
1456 $1,218 6,772 CcY $2.65 $18 6,772 CY $9.00 $61 5,300 LF $135 $716 2 EA $212,000 $424
1457 $3,564 26,769 CcY $2.65 $71 26,769 CY $9.00 $241 20,950 LF $135 $2,828 2 EA $212,000 $424
1458 $3,564 26,769 CcY $2.65 $71 26,769 CY $9.00 $241 20,950 LF $135 $2,828 2 EA $212,000 $424
1459 $4,351 33,478 CY $2.65 $89 33,478 CY $9.00 $301 26,200 LF $135 $3,537 2 EA $212,000 $424
1460 $6,727 53,731 CcY $2.65 $142 53,731 CY $9.00 $484 42,050 LF $135 $5,677 2 EA $212,000 $424
1461 $9,365 76,220 CcY $2.65 $202 76,219 CY $9.00 $686 59,650 LF $135 $8,053 2 EA $212,000 $424
1462 $11,836 97,290 CcY $2.65 $258 97,290 CY $9.00 $876 76,140 LF $135 $10,279 2 EA $212,000 $424
1463 $14,220 117,607 CY $2.65 $312 117,607 CY $9.00 $1,058 92,040 LF $135 $12,425 2 EA $212,000 $424
Notes:

1. AL = Decision/Action Level specified on decision tree.

2. Elevations for decision/action levels are shown at 1-foot increments, rounded down to the nearest foot.
3. 2001 Total for annual detour damages is equal to the 1998 Total cost multiplied by 6% to increase for inflation.
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STRATEGY COSTS BY ACTION LEVEL

Table 2.12-2

Flood Protection Costs

Feature 12: Burlington Northern Railroad (Churchs Ferry to Cando’
Devils Lake Infrastructure Protection Study

R(1)A

RQ)

Notes:

1. AL = Decision/Action Level specified on decision tree.

2. Elevations for decision/action levels are shown at 1-foot increments, rounded down to the nearest foot.

3. The costs for the Maximum Raise at AL1 strategy (R) is equal to the sum of the costs for all incremental raises.

P:\34\36\020\Cost Tables\2001 Reformatted Tables\FeatureCosts_2001.xls

Action
Level | Lake Elevation Maximum Raise at AL1 Temporary Closure at AL1 Raise at AL1; Temporary Closure at AL2 Raise at AL1, AL2
(MSL) (THOUSANDS)
AL1 1454 $69,394 | $69,394 $16,561 $16,561
AL2 1459 $0 | $0 $52,833 $52,833
COST BREAKDOWN
R(1)A
R@2) R(2)
Lake Elevation 1454 Lake Elevation 1459
Strategy Description Quantity| Units Unit | Value Description Quantity |Units Unit Value
Incremental Raise Cost (THOUSANDS) Cost (THOUSANDS)
Rail Raise Burlington Northern Railroad Burlington Northern Railroad
Fill 292819 CY $9.00 $2,635 Fill 1499715 CY $9.00 $13,497
Riprap 278553 CY $30.00 $8,357 Riprap 942850 CY  $30.00 $28,286
Rail 31,150 LF $135.00 $4,205 Rail 71,750 LF $135.00 $9,686
Bridge Raise 2 EA  $212,000 $424 Bridge Raise 2 EA  $212,000 $424
Rail Crossing Raise 3 EA $30,000 $90 Rail Crossing Raise 3 EA  $30,000 $90
Signaling Station Rais 1 EA  $850,000 $850 Signaling Station Rais 1 EA  $850,000 $850
Total $16,561 Total $52,833
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Economic Analysis of Strategies for

Table 2.12 - 3

Burlington Northern Railroad: US Highway 2 to Churchs Ferry

(Feature 12)

Stochastic Analysis (ST)
Mean Value over 10,000 Traces (Annual)

Strategy COSTS DAMAGES Total Benefits Net Benefits Benefit- Cost Ratio
Raise Total Restoration | Detour Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation |Description A B=A C D E=C+D F=E(A) - E(S) * G=F-B I=F/B
A Temporary Closure During Floods at First Action Le $0 $0 $15,900|$27,000( $42,900 $0 $0 -
R Rail Raise to 1468 $438,100|| $438,100 $0 $0 $0 $42,900 -$395,300 0.10
R(1)A 1 Rail Raise: Then Temporary Closure During Floo{ $112,900|f $112,900 $15,800( $6,300 $22,100 $20,800 -$92,000 0.18
R(2) 2 Incr. Rail Raises $223,300|| $223,300 $0 $0 $0 $42,900 -$180,400 0.19
Wet Future Scenario (WF)
(Annual)
Strategy COSTS DAMAGES Total Benefits Net Benefits Benefit- Cost Ratio
Raise Total Restoration | Detour Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation [Description A B=A C D E=C+D F=E(A)-E(S)* G=F-B I=F/B
A Temporary Closure During Floods at First Action Le $0 $0 $93,200 | ###### || $389,000 $0 $0 -
R Rail Raise to 1468 HHH#RHH B || HEHH BRI $0 $0 $0 $389,000 -$2,213,300 0.15
R(DA 1 Rail Raise: Then Temporary Closure During Floo{ $670,200|f $670,200 $118,400 | ###### || $243,400 $145,600 -$524,600 0.22
R(2) 2 Incr. Rail Raises HA#RHH B || HEHHBRHH $0 $0 $0 $389,000 -$1,614,700 0.19
Moderate Future 1 Scenario (M1)
(Annual)
Strategy COSTS DAMAGES Total Benefits Net Benefits Benefit- Cost Ratio
Raise Total Restoration | Detour Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation [Description A B=A C D E=C+D F=E(A) - E(S)* G=F-B I=F/B
A Temporary Closure During Floods at First Action Le $0 $0 $0 $0 $0 $0 $0 -
R Rail Raise to 1468 $0 $0 $0 $0 $0 $0 $0 -
R(DA 1 Rail Raise: Then Temporary Closure During Floo $0 $0 $0 $0 $0 $0 $0 -
R(2) 2 Incr. Rail Raises $0 $0 $0 $0 $0 $0 $0 -
Moderate Future 2 Scenario (M2)
(Annual)
Strategy COSTS DAMAGES Total Benefits Net Benefits Benefit- Cost Ratio
Raise Total Restoration | Detour Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation [Description B=A C D E=C+D F = E(A) - E(S) * G=F-B I=F/B
A Temporary Closure During Floods at First Action Le $0 $28,500($67,500 $96,000 $0 $0 -
R Rail Raise to 1468 $0 $0 $0 $96,000| -$1,814,600 0.05
R(DA 1 Rail Raise: Then Temporary Closure During Floo{ $492,000 $492,000 $0 $0 $0 $96,000 -$396,100 0.20
R(2) 2 Incr. Rail Raises $492,000| $492,000 $0 $0 $0 $96,000 -$396,100 0.20

All dollar values are present worth values annualized over a 50-year period at an interest rate of 6.375% and rounded to the nearest $100.
* Total benefits are calculated as the total damages incurred for "temporary closure strategy" minus the total damages for the strategy implemented (E(S)).




Attachment to 2.12:

Burlington Northern Railroad (Churchs Ferry to Cando) Economic
Analysis Assumptions

1.

According to John Heizman, Burlington Northern Railroad, this track carries an average of
approximately 100 cars per month. It is difficult to estimate how much trucking would cost because
the material shipped changes significantly throughout the year and involves both fertilizer andgrain.
It was assumed that the cost for trucking fertilizer and other commodities would be comparable to the
trucking cost for grain at $400 per carload. Therefore, if the tracks were temporarily closed, annuel
damages would be $480,000. These annual damages were determined in 1998, therefore they were
updated for inflation by multiplying them by the ENR Construction Cost Index of 1.06. This
accounts for 6% inflation during the period from 1998 to February 2001. The inflated damagesare
$509,000.

Rerouting of the rail is not logical for this rail feature, as discussed in Features 10 and 11. Therefore,
only temporary closure during flooding and rail raise scenarios is evaluated for this track.

Recent surveys indicate that railroad raises would affect 2 road crossings. The cost to rebuild each
crossing is estimated to be $1,000 per track-foot and the typical track-foot length is 30 feet; therefore,
the total estimated rebuild cost would be $30,000.

General Assumptions

1.

Costs of railroad raises and restorations were obtained from Devils Lake Flood Control: Economics
Database Update: Transportation Report, Barr Engineering Company, January 1998. These costs
were updated for 2001 based on conversations with area railroad companies as follows:

a. Filter fabric will no longer be placed under riprap for railroad raises; therefore, filter fabric costs
were not included in the analysis.

b. Riprap costs have increased from $20 per cubic yard to $30 per cubic yard due to inflation and
scarcity of materials in the area.

c. Fill costs have increased from $4.50 per cubic yard to $9 per cubic yard based on current costsin
the area.

d. Coststo install rails, ties and ballast were estimated at $135 per linear foot, which is
representative of the cost of current installation methods in the area.

e. Estimated railroad bridge raise costs were decreased from $500,000 per 100-foot bridge to
$212,000 per 100-foot bridge based on new information on construction methods.
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2.

f. Side slopes for raises and repair of rail beds were assumed to be 2:1 instead of 3:1,based on new
information on construction methods. T his revised assumption was also made for the sice slopes
of existing rail beds.

g. Detour damages for rail abandonment were inflated to 2001 dollars.

It was assumed that decisions on protection would occur when the lake level is 1 foot belowthe top of
the lowest rail bed.

If the railroad feature has a bridge with a low chord below the lowest rail bed, no decision will occur
until the lake level is within 1 foot of the top of the lowest rail bed.

If railroads are temporarily closed during flooding, they were assumed to be restored when the lake
recedes. Although some spur lines have been abandoned in recent years due to a loss of profitahility
of the lines, representatives of the respective railroads have indicated that they have no plans to
abandon these specific spur lines and have indicated they would restore them if they were temporarily
flooded. Burlington Northern Railroad does have a legal commitment to limit the total milesof tracks
abandoned in the state, but can abandon a line if it is out of service for 2 years or more (based ona
conversation with Don Laschkewitsch, Transportation Senior Manager, Railroads NDDOT). For this
study, it was assumed that the tracks would not be abandoned, but may be temporarily closed during
flooding and restored when the lake recedes to 1 foot belowthe top of the lowest rail bed (aggin, with
the exception of Feature 9).
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2.13 Summary of Economic Analysis Investigation for Feature 13:
US Highway 2

2.13.0 Flood Protection Strategy

The flood protection strategy that was analyzed in the Economic Analysis of Devils Lake
Alternatives for US Highway 2 was incremental road raises.

2.13.1 General Information
Feature Type: Road

Location: Feature 13 is the portion of US Highway 2 that extends from 4 miles west of Churchs

Ferry through the City of Devils Lake, east to a location south of Crary. This stretch is
approximately 35 miles long and passes through the townships of Coulee, Dry Lake, Grand

Harbor, Creel North, South Minnewaukan, and Stevens in Ramsey County. The accompanying
Figure 2.13-1 shows the feature’s location and approximate extents, and the inundation extents at

the three reference lake levels (1447, 1454, and 1463).

Description: US Highway 2 is a four-lane bituminous National Highway. The highway route
spans nearly every state across the northern portion of the United States from Washington to

Michigan and on to Maine.

Significance: This portion of US Highway 2 is important because it is a major traffic route in the
area, including the main route between Churchs Ferry and Devils Lake. It is vital to serving local

transportation, agricultural needs, and moving products through the area.

Damages: The flooding of Feature 13 would result in the following damages:

o Detour damages resulting from the added travel time and miles traveled when US Highway 2

is closed and traffic is detoured

» Restoration damages resulting from repairs that would be necessary to bring the highway

back to a useable condition after a period of inundation
Owner/Sponsor: North Dakota Department of Transportation

Lead Federal Agency: The Federal Highway Administration would take the lead for US
Highway 2 for any flood protection work that may take place.
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2.13.2 Feature Protection

History of Flood Protection: Flood protection for US Highway 2 has not been an issue yet.
Currently all of this section of road has been above of the level of the rising water.

General Protection Strategy: The Economic Analysis of Devils Lake Alternatives analysis
identified and evaluated several different approaches for protecting US Highway 2. These
included:

» rerouting the road to higher ground (this strategy was later dropped from consideration)
e raising the road

Protection Strategy by Lake Level: The Economic Analysis of Devils Lake Alternatives
analyzed the flood protection strategy of raising the road, with flood protection decisions being
made at various lake levels as Devils Lake continued to rise. Figure 2.13-2 shows the decision
tree for US Highway 2. As shown on Figure 2.13-2, the stepwise approach to flood protection for
US Highway 2 that was analyzed consisted of the following:

1. At lake elevation 1454, a decision would be made as to whether the road would be raised to
1460, or temporarily closed.

2. If the road were raised at the first action level, at lake elevation 1459 another decision would
be made as to whether the road would be raised to 1468, or temporarily closed.

The maximum protection strategy that was analyzed at the first action level was raising the road
to 1468. (Note that for the analysis, the decision regarding whether or not to raise the road is
made at a time when the lake is one foot below the minimum highway elevation that resulted
from the most recent raise.)

Interdependencies: The protection of US Highway 2 is related to the protection of the following
features:

e Feature 1: Churchs Ferry — Feature 1 is located near the west end of Feature 13. The
protection strategy chosen for US Highway 2 will have an impact on the traffic through
Churchs Ferry.

» Feature 2: City of Devils Lake — Feature 2 is located in the middle of Feature 13. The
protection strategy chosen for US Highway 2 will have a significant impact on traffic into and
through the City of Devils Lake.

» Feature 8: Rural Areas — Feature 13 is a major connection for surrounding rural areas.
Decisions on road raises will impact land and infrastructure throughout these areas.
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» Featurel4: ND Highway 57 (between ND Highway 20 and BIA 1) — Feature 14 terminates at
the north just south of the City of Devils Lake (near the intersection with US Highway 2).
Closure or relocation of Feature 14 will cut off access to US Highway 2 from the southwest,
therefore decreasing traffic on US Highway 2. Similarly, closure of US Highway 2 would
impact traffic going southwest on Feature 14.

» Feature 15: ND Highway 57 (between BIA 1 and US Highway 281) — This portion of
Highway 57 runs east-west along the south shore of Devils Lake. If US Highway 2 is closed,
some traffic could be diverted to Feature 15 and cause increased traffic there (and vice-versa).

» Feature 16: US Highway 281 (South of US Highway 2) — Feature 16 connects with US
Highway 2 at the northerly end near Churchs Ferry, and is the main route of travel from the
Minnewaukan area to Churchs Ferry. Closure or relocation of Feature 16 will impact the
amount of travel that reaches US Highway 2 depending on the protection strategy chosen.
Similarly, closure of US Highway 2 will impact the amount of traffic that flows north-south
on US Highway 281.

» Feature 18: ND Highway 19 — Feature 18 meets US Highway 2 in the City of Devils Lake. If
travel on Feature 18 is altered due to implementation of a protection strategy, it will increase
traffic on Feature 13, and vice-versa, mostly with respect to east-west travel.

* Feature 20: ND Highway 20 (North of the City of Devils Lake) — Feature 20 intersects US
Highway 2 near the City of Devils Lake. If US Highway 2 is closed, Feature 20 could
experience increased traffic as a detour route, and vice-versa, depending on the protection
strategy implemented.

e Feature 22: ND Highway 20 (ND Highway 57 to Tokio) — Feature 22 is a major north-south
route on the Spirit Lake Nation Reservation that connects the eastern portion of the
reservation to US Highway 2. If US Highway 2 is closed, traffic on Feature 22 would be
impacted, mostly due to decreased traffic from the north entering Devils Lake (and vice-
Versa).

» Feature 24: BIA Highway 6 — This portion of Highway 6 runs east-west to the south of US
Highway 2. If US Highway 2 is closed, traffic could be diverted to Feature 24 and cause
increased traffic there (and vice-versa).

Table 2.0-1, mentioned earlier in this report, provides a summary of the interdependencies among
the features.
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2.13.3 Feature Economics

Damages: For US Highway 2, the damages resulting from flooding were estimated up to the
maximum lake level (1463). The damage computations for Feature 13 are summarized in the
accompanying Table 2.13-1.

Table 2.13-1 lists annual detour damages and restoration damage costs. Annual detour damages
represent the cost of increased use on other roads while US Highway 2 is temporarily closed.
Restoration damages represent the costs to restore US Highway 2 once the lake levels recede after
a period of flooding. Restoration damages include rebuilding the road with excavation, fill,
surface material, and bridge repairs. Restoration damages are a per-event damage.

Unit costs for all the damage computations were discussed previously in Section 2.0, and are
detailed in Table 2.0-2. Assumptions regarding the damage computations, data sources, and other
aspects of the economic analysis for US Highway 2 are listed in the Feature 13 Assumptions
listing, appended to this Section 2.13.

Costs: The costs of providing flood protection for US Highway 2 are detailed in the
accompanying Table 2.13-2. Unit costs, data sources, and relevant assumptions are listed.

Table 2.13-2 lists unit costs of incremental road raises and relocation costs. Incremental road
raise costs are broken down into six categories: fabric liner, aggregate base, fill, riprap,
bituminous, and bridge work.

Unit costs for all the cost computations were discussed previously in Section 2.0, and are detailed
in Table 2.0-2. Assumptions regarding the cost computations, data sources, and other aspects of
the economic analysis for US Highway 2 are listed in the Feature 13 Assumptions listing,
appended to this Section 2.13.

2.13.4 Results of Economic Analysis
The results of the Economic Analysis for the US Highway 2 are listed in Table 2.13-3.

Stochastic Analysis Results: The stochastic analysis indicated that the annual net benefits for
incremental road raises on US Highway 2 were greater than zero ($81,400). This strategy is
highlighted on the decision tree (Figure 2.13-2). The BCR for this strategy was greater than one
(1.14). These results indicate that this strategy was economically justified. The present worth
annualized detour damages that would be prevented by this strategy were computed to be
$629,100. The stochastic results are averages over 10,000 traces.

Results for Specific Scenarios: In the economic analysis, flood protection strategies were also
analyzed for three specific climate futures. For US Highway 2, the identified strategy and the
economic indices for each of the three climate futures are as follows:
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e Wet Future — For the wet future, the annual net benefits were predicted to be $2,176,000, and
the BCR was 1.44, indicating that this strategy was economically justified. For this future,
the present worth annualized detour damages that would be prevented were computed at
$6,895,400.

» First Moderate Future — For the first moderate future, lake levels do not reach first damage
levels.

e Second Moderate Future — For the second moderate future, the strategy with the largest net
benefits was shown to be two incremental road raises. For this strategy, the net benefits were
$98,200, and the BCR was 1.06, indicating that this strategy was economically justified. For
this future, the present worth annualized detour damages that would be prevented were
computed at $1,573,700.
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DAMAGES
Action
Levels Annual Detour Damages
(THOUSANDS)
AL1-AL2 $11,863

DAMAGE BREAKDOWN

Table 2.13-1

Flood Damages
Feature 13: US Highway 2

Devils Lake Infrastructure Protection Study

AL1-AL2
Description | Quantity | Units Unit Value
Damage Cost (THOUSANDS)
Annual Detour Damages US Highway 2
HR/YEAR 482,229 HR $7.00 $3,376
MILES/YEAR 26,522,615 MILE $0.32 $8,487
Total $11,863
Restoration Damages
Excavation Fabric Liner Aggregate Base Course Fill Bituminous Pavement Bridge Repair
Total Quantity Units Unit Value Quantity Units Unit Value Quantity Units Unit Value Quantity Units Unit Value Quantity Units Unit Value Quantity] Units Unit Cost
Elevation | (THOUSANDS) Cost | (THOUSANDS) Cost | (THOUSANDS) Cost (THOUSANDS) Cost (THOUSANDS) Cost (THOUSANDS) Cost (THOUSANDS)
1454 $0
1455 $1,679 46,800 CY $2.65 $124 82,887 SY $1.33 $110 10,075 CY $21.20 $214 69,292 CY $4.77 $331L 18,876 TON $47.70 $900 0 EA $530,000 $0
1456 $1,679 46,800 CcY $2.65 $124 82,887 SY $1.33 $110 10,075 CY $21.20 $214 69,292 CY $4.77 $331 18,876 TON $47.70 $900 0 EA $530,000 $0
1457 $11,830 329,800 CY $2.65 $874 584,107 SY $1.33 $777 70,999 CY $21.20 $1,505 488,305 CY $4.77 $2,329 133,019 TON $47.70 $6,345 0 EA $530,000 $0
1458 $14,097 393,000 CY $2.65 $1,041 696,040 SY $1.33 $926 84,604 CY $21.20 $1,794 581,879 CcY $4.77 $2,776 158,510 TON $47.70 $7,561 0 EA $530,000 $0
1459 $16,823 469,000 CY $2.65 $1,243 830,644 SY $1.33 $1,105 100,965 CY $21.20 $2,140 694,405 CY $4.77 $3,312 189,163 TON $47.70 $9,023 0 EA $530,000 $0
1460 $16,823 469,000 CcY $2.65 $1,243 830,644 SY $1.33 $1,105 100,965 CY $21.20 $2,140 694,405 CcY $4.77 $3,312 189,163 TON $47.70 $9,023 0 EA $530,000 $0
1461 $18,330 511,000 CcY $2.65 $1,354 905,029 SY $1.33 $1,204 110,007 CY $21.20 $2,332 756,591 CY $4.77 $3,609 206,103 TON $47.70 $9,831 0 EA $530,000 $0
1462 $20,323 537,000 (24 $2.65 $1,423 951,077 SY $1.33 $1,265 115,604 CY $21.20 $2,451 795,087 (24 $4.77 $3,793 216,590 TON $47.70 $10,331 2 EA $530,000 $1,060
1463 $22,260 591,000 CY $2.65 $1,566 1,046,729 SY $1.33 $1,392 127,229 CY $21.20 $2,697 875,039 CY $4.77 $4,174 238,370 TON $47.70 $11,370 2 EA $530,000 $1,060
Notes:

1. AL = Decision/Action Level specified on decision tree.
2. Elevations for decision/action levels are shown at 1-foot increments, rounded down to the nearest foot.
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STRATEGY COSTS BY ACTION LEVEL

Table 2.13-2

Flood Protection Costs

Feature 13: US Highway 2
Devils Lake Infrastructure Protection Study

R(1)A

R(2)

Action
Level Lake Elevation Maximum Raise at AL1 Temporary Closure at AL1 Raise at AL1; Temporary Closure at AL2 Raise at AL1, AL2
(MSL) (THOUSANDS)
AL1 1454 $152,738 $0 $50,648 $50,648
AL2 1459 $0 $0 $0 $102,090
COST BREAKDOWN
R(1A
R(2) R(2)
Lake Elevation 1454 Lake Elevation 1459
Strategy Description Quantity | Units Unit Value Description Quantity | Units Unit Value
Incremental Raise Cost (THOUSANDS) Cost (THOUSANDS)
Road Raise US Highway 2 US Highway 2
Fabric Liner 1,091,785 SY $1.33 $1,452 Fabric Liner 1,562,191 Sy $1.33 $2,078
Aggregate Base 100,965 CYy $21.20 $2,140 Aggregate Base 38,922 CcYy $21.20 $825
Fill 1,790,448 CY $9.00 $16,114 Fill 7,031,904 cYy $9.00 $63,287
Riprap 730,603 CYy $30.00 $21,918 Riprap 1,045,390 CcYy $30.00 $31,362
Bituminous 189,163  TON $47.70 $9,023 Bituminous 72,923 TON $47.70 $3,478
Bridge Rebuild 0 EA  $530,000 $0 Bridge Rebuild 2 EA  $530,000 $1,060
Total $50,648 Total $102,090

Notes:

1. AL = Decision/Action Level specified on decision tree.

2. Elevations for decision/action levels are shown at 1-foot increments, rounded down to the nearest foot.

3. The costs for the Maximum Raise at AL1 strategy (R) is equal to the sum of the costs for all incremental raises.
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Table 2.13 -3

Economic Analysis of Strategies for

US Highway 2
(Feature 13)

Stochastic Analysis (ST)
Mean Value over 10,000 Traces (Annual)

Strategy COSTS DAMAGES Total Benefits Net Benefits Benefit- Cost Ratio
Raise Relocation Total Restoration Detour Relocation Detour Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation |Description A B C=A+B D E F G=D+E+F H=G(A) - G(S) * I=H-C I=H/C
A Temporary Closure During Floods at First Action Le $0 $0 $0 $37,300( $629,100 $0 $666,400 $0 $0 -
R Road Raise to 1468 HHHBH IR $0([$1,047,700 $0 $0 $0 $0 $666,400 -$381,200 0.64
R(LA 1 Road Raise: Then Temporary Closure During Flo{ $347,400 $0|| $347,400 $34,900( $147,400 $0 $182,300 $484,200 $136,700 1.39
R(2) 2 Incr. Road Raises $585,100 $0|| $585,100 $0 $0 $0 $0 $666,400 $81,400 1.14
Wet Future Scenario (WF)
(Annual)
Strategy COSTS DAMAGES Total Benefits Net Benefits Benefit- Cost Ratio
Raise Relocation Total Restoration Detour Relocation Detour Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation [Description A B C=A+B D E F G=D+E+F H=G(A)- G(S) * I=H-C I=H/C
A Temporary Closure During Floods at First Action Le $0 $0 $0 $214,100 | ####H##H $0 $7,109,600 $0 $0 --
R Road Raise to 1468 R $0|1$6,222,100 $0 $0 $0 $0 $7,109,600 $887,500 1.14
R(DA 1 Road Raise: Then Temporary Closure During Flo{ ######## $01[$2,063,200 $252,500 | #####HIH $0 $3,166,900 $3,942,600 $1,879,400 1.91
R(2) 2 Incr. Road Raises R $0(/$4,933,600 $0 $0 $0 $0 $7,109,600 $2,176,000 1.44
Moderate Future 1 Scenario (M1)
(Annual)
Strategy COSTS DAMAGES Total Benefits Net Benefits Benefit- Cost Ratio
Raise Relocation Total Restoration Detour Relocation Detour Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation [Description A B C=A+B D E F G=D+E+F H=G(A) - G(S) * I=H-C I=H/C
A Temporary Closure During Floods at First Action Le $0 $0 $0 $0 $0 $0 $0 $0 $0 -
R Road Raise to 1468 $0 $0 $0 $0 $0 $0 $0 $0 $0 -
R(DA 1 Road Raise: Then Temporary Closure During Flo $0 $0 $0 $0 $0 $0 $0 $0 $0 -
R(2) 2 Incr. Road Raises $0 $0 $0 $0 $0 $0 $0 $0 $0 -
Moderate Future 2 Scenario (M2)
(Annual)
Strategy COSTS DAMAGES Total Benefits Net Benefits Benefit- Cost Ratio
Raise Relocation Total Restoration Detour Relocation Detour Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation [Description A B C=A+B D E F G=D+E+F H=G(A)- G(S) * I=H-C I=H/C
A Temporary Closure During Floods at First Action Le $0 $0 $0 $39,200 | #H###### $0 $1,613,000 $0 $0 --
R Road Raise to 1468 R $0|1$4,568,100 $0 $0 $0 $0 $1,613,000 -$2,955,100 0.35
R(DA 1 Road Raise: Then Temporary Closure During Flo{ ######## $0|1$1,514,800 $0 $0 $0 $0 $1,613,000 $98,200 1.06
R(2) 2 Incr. Road Raises Hi $0|1$1,514,800 $0 $0 $0 $0 $1,613,000 $98,200 1.06

All dollar values are present worth values annualized over a 50-year period at an interest rate of 6.375% and rounded to the nearest $100.
* Total benefits are calculated as the total damages incurred for "temporary closure strategy" minus the total damages for the strategy implemented (G(S) ).

The "No Protection" strategy for roads has been defined as temporary closure during floods at the first action level with restoration when the lake recedes.

The top action level (1463) is never reached in the 10,000 traces, rendering some of the costs and damages equal between different strategies.




Attachment to 2.13:
US Highway 2 Economic Analysis Assumptions

1.

Plans for 2001 include raising Highway 2 from a minimum elevation of 1454 to 1455 andthe bridges
at Mauvais Coulee and Channel A from 1452 to 1461 (lowchord). For this analysis, the work wes
assumed completed and the new elevations were used.

General Assumptions

Decisions were assumed to occur when the lake level is within (or predicted by the National Weather
Service to be within) 1 foot of the lowest road elevation. This assumption is consistent with curent
practices in the area as dictated by funding agencies. In the past, funding for road raiseshasnot been
available until the National Weather Service predicts on February 15th that the road will go under
water during that year.

If the road includes a bridge having a low chord elevation below the lowest road elevation, it was
assumed that no decision would occur until the lake level was within 1 foot of the lowest road
elevation. T his assumption follows current practices in the area.

Road Raises

Road raise costs were calculated in the manner presented in a previous study (Devils Lake Flood
Control: Economics Database Update: Transportation Report, Barr Engineering Company, January
1998). Unit costs for construction materials were updated for inflation by multiplying them by the
ENR Construction Cost Index of 1.06. This accounts for 6% inflation during the periodfrom 1998 to
February 2001. Additionally the cost of riprap and fill were increased from $20 to $30and$4.50to
$9.00, respectively. Based on conversations with the NDDOT, railroad companies, andthe Corpsof
Engineers the new costs for riprap and fill are more representative of the costs in the area.

The last road raise was assumed to be to elevation 1468. At this elevation, roads would be 5 feet
above the assumed maximum lake level (elevation 1463).

The final incremental road raise (to elevation 1468) was assumed to be no more than 8 feet andno
less than 4 feet.

Temporary Road Closure During Hoods

It was assumed that if a road was temporarily closed, it would be restored after the lake level has
receded 1 foot below the top of road. All of the road features in this study are highly traveled Itis
very likely that people would want to use these roads again if the lake level receded after flooding,
assuming that communities, businesses, farmsteads, and residents continue to generate the same level
of traffic as at present.

P:\34\36\020\Att 2.13.doc Att. 2.13-1



2. Restoration damages were calculated in the manner presented in Devils Lake Flood Control:
Economics Database Update: Transportation Report, Barr Engineering Company, January 1998.
Unit costs for construction materials were updated for inflation by multiplying them by the ENR
Construction Cost Index of 1.06. T his accounts for 6% inflation during the period from 1998 to
February 2001.

3. Detour damages were included for every year that a road is temporarily closed, as well as for the first
year that the lake has receded. It was assumed that during the first year after the lake hasrececkd, the
road would be under restoration. During this first year, there would be both a detour damage and
restoration damage. After this first year, there would be no further detour or restoration damages
unless the lake rises to within 1 foot of the road again.

4. Restoration of a road would only occur after the lake has receded to 1 foot below the lones elevation
in that road. This was based on the assumption that restoration would only occur when there isno
water on any part of the road and there would be only minor potential for wave action damage on the
road.

5. Detour damages were calculated using a cost of $7 per hour of additional travel time, 1.5 people per
vehicle, and $0.32 per mile for additional travel distance (Corps of Engineers, March, 2001).
Additional time and miles traveled were taken from the results of the QRS Il model used in Devils
Lake Flood Control: Economics Database Update: Transportation Report, Barr Engineering
Company, January 1998. The QRS II model determines the overall effect of a closed road on an
entire network of traffic, incorporating the fact that traffic consists of trips having different origins
and destinations.

6. Detour paths were determined assuming that all other featured roads would be open. No effort wes
made to link detour routes with lake level.

D. Road Reroutes

1. This feature has no logical reroute.

P:\34\36\020\Att 2.13.doc Att. 2.13-2



2.14 Summary of Economic Analysis Investigation for Feature 14:
ND Highway 57 (between ND Highway 20 and BIA Highway 1)

2.14.0 Flood Protection Strategy

The flood protection strategy that was analyzed in the Economic Analysis of Devils Lake
Alternatives for ND Highway 57 (between ND Highway 20 and BIA Highway 1) was
incremental road raises.

2.14.1 General Information
Feature Type: Road

Location: ND Highway 57 (between ND Highway 20 and BIA Highway 1) is located in the
Third Commissioner District Township, Benson County and on the Spirit Lake Nation
Reservation. The feature extends approximately 3.5 miles from ND Highway 20 at the north to
BIA Highway 1 to the south. The accompanying Figure 2.14-1 shows the feature’s location and
extents, and the inundation extents at the three reference lake levels (1447, 1454, and 1463).

Description: ND Highway 57 (between ND Highway 20 and BIA Highway 1) is a two-lane
bituminous-surfaced state highway. The centerline elevation is at 1455 over the entire feature,
except the bridge and its approaches. The bridge road surface elevation is 1465.

Significance: ND Highway 57 (between ND Highway 20 and BIA Highway 1) is important

because it is the major north/south arterial route through the Devils Lake region between Fort
Totten, St. Michael and the City of Devils Lake. The ND Highway 57 bridge spans the most

restricted section of land around Devils Lake, sometimes called the “Narrows.”

Damages: The flooding of ND Highway 57 (between ND Highway 20 and BIA Highway 1)
would result in the following damages:

o Detour damages resulting from the added travel time and miles traveled when the highway is
closed and traffic is detoured.

» Restoration damages resulting from repairs that would be necessary to bring the highway
back to a useable condition after a period of inundation.

Owner/Sponsor: The North Dakota Department of Transportation is responsible for managing
and maintaining ND Highway 57.

Lead Federal Agency: The Federal Highway Administration would take the lead for ND
Highway 57 in any flood protection work that may take place.

P:\34\36\020\2001-14.doc 214 -1



2.14.2 Feature Protection

History of Flood Protection: In the past, flood protection for ND Highway 57 (between ND
Highway 20 and BIA Highway 1) has consisted of raising the road to keep it from being
overtopped. The most recent raise of ND Highway 57 occurred in 1999 when the road was raised
to a minimum of 1455 for the entire length of this feature. The bridge over the Narrows was also
reconstructed in 1999, with a minimum deck at 1465. A previous raise was completed in 1997
when 0.74 miles of the road was raised to 1447.5.

General Protection Strategy: The analysis identified and evaluated one approach for protecting
ND Highway 57 (between ND Highway 20 and BIA Highway 1): raising the road.

Protection Strategy by Lake Level: The Economic Analysis of Devils Lake Alternatives
analyzed the flood protection strategy of raising the road, with flood protection decisions being
made at various lake levels as Devils Lake continued to rise. Figure 2.14-2 shows the decision
tree for ND Highway 57 (between ND Highway 20 and BIA Highway 1). As shown on Figure
2.14-2, the stepwise approach to flood protection for ND Highway 57 (between ND Highway 20
and BIA Highway 1) that was analyzed consisted of the following:

1. At lake elevation 1454, a decision would be made as to whether the road would be raised to
1460, or temporarily closed.

2. If the road were raised at the first action level, at lake elevation 1459 another decision would
be made as to whether the road would be raised to 1468, or temporarily closed.

The maximum protection strategy that was analyzed at the first action level was raising the road
to 1468. (Note that for the analysis, the decision regarding whether or not to raise the road is
made at a time when the lake is one foot below the minimum highway elevation that resulted
from the most recent raise.)

Interdependencies: The protection of ND Highway 57 (between ND Highway 20 and BIA
Highway 1) is related to the protection of several other features:

» Feature 3: Fort Totten — Roads closed or rerouted in Fort Totten could result in decreased
traffic loads for ND Highway 57 (between ND Highway 20 and BIA Highway 1) and vice
versa. Therefore, it is necessary to make decisions regarding flood protection in Fort Totten
in conjunction with deciding upon a strategy for ND Highway 57 (between ND Highway 20
and BIA Highway 1).

e Feature 13: US Highway 2 — ND Highway 57 (between ND Highway 20 and BIA Highway
1) terminates just south of the City of Devils Lake (near the intersection with US Highway 2).

P:\34\36\020\2001-14.doc 214 -2



Closure or relocation of Feature 14 could cut off access to Feature 13 from the southwest,
therefore decreasing traffic on US Highway 2 (and vice versa).

» Feature 15: ND Highway 57 (between BIA Highway 1 and US Highway 281) — If ND
Highway 57 (between ND Highway 20 and BIA Highway 1) is temporarily closed, Feature
15 is impacted because its eastern terminus is at its junction with Feature 14.

= Feature 16: US Highway 281 (South of US Highway 2) — Closure or relocation of Feature 16
will increase the amount of travel that reaches Feature 14 because it would serve as an
alternate north-south route through the Spirit Lake Nation Reservation.

= Feature 18: ND Highway 19 — Closure or relocation of Feature 18 will impact the amount of
traffic on Feature 14 (and vise-versa) because the two features are alternate east-west travel
routes.

» Feature 24: BIA Highway 6 — Closure or relocation of Feature 24 will impact the amount of
traffic on Feature 14 (and vise-versa) because the two features are alternate east-west travel
routes through the Spirit Lake Nation Reservation.

Table 2.0-1, mentioned earlier in this report, provides a summary of the interdependencies among
the features.

2.14.3 Feature Economics

Damages: For ND Highway 57 (between ND Highway 20 and BIA Highway 1), the damages
resulting from flooding were estimated up to the maximum lake level (1463). The damage
computations for ND Highway 57 (between ND Highway 20 and BIA Highway 1) are
summarized in the accompanying Table 2.14-1.

The detour damages for ND Highway 57 (between ND Highway 20 and BIA Highway 1) assume
that all other features are open, and traffic is routed around the lake if ND Highway 57 (between
ND Highway 20 and BIA Highway 1) is temporarily closed. This was one of the four features in
the Economics Analysis that was credited with the large detour damages around the lake (See
discussion in Section 2.0.1.5). The computation of basin-wide damages required certain
assumptions regarding interdependent roads in order to ensure that the basin-wide Economic
Analysis was accurately representing overall traffic patterns.

The top portion of Table 2.14-1 gives a summary of the annual detour damages that would occur
during the years when the highway was flooded. It also shows road restoration damages that can
be expected to restore this road when the lake recedes after a period of flooding. Restoration
damages include rebuilding the road with excavation, fill, surface material, and bridge repairs.
Restoration damages are a per-event damage.

P:\34\36\020\2001-14.doc 2.14 -3



The lower portion of the table shows the breakdown of these summary values for each of the
action levels. It gives quantities in terms of miles per year (of extra miles traveled as a result of
detours) and hours per year (of additional travel time resulting from detours) for the detour
damages. Also shown are quantities and line-item damages for excavation, fabric liner, aggregate
base course, and fill for road restoration work when waters recede.

Unit prices for all the damage computations were discussed previously in Section 2.0, and are
detailed in Table 2.0-2. Assumptions regarding the damage computations, data sources, and other
aspects of the economic analysis for ND Highway 57 (between ND Highway 20 and BIA
Highway 1) are listed in the Feature 14 Assumptions listing, appended to this Section 2.14.

Costs: The costs of providing flood protection for ND Highway 57 (between ND Highway 20
and BIA Highway 1) are detailed in the accompanying Table 2.14-2 for ND Highway 57
(between ND Highway 20 and BIA Highway 1). Quantities and line-item totals are listed.

The top portion of the table gives the costs of providing flood protection (as represented in the
analysis) by action level for various levels of flood protection. The lower portion of the table
gives a breakdown of the quantities and costs by line item: fabric liner, aggregate base, fill,
riprap, and bituminous pavement material.

Unit costs for all the cost computations were discussed previously in Section 2.0, and are detailed
in Table 2.0-2. Assumptions regarding the cost computations, data sources, and other aspects of
the economic analysis for ND Highway 57 (between ND Highway 20 and BIA Highway 1) are
listed in the ND Highway 57 (between ND Highway 20 and BIA Highway 1) Assumptions
listing, appended to this Section 2.14.

2.14.4 Results of Economic Analysis

The results of the Economic Analysis for the ND Highway 57 (between ND Highway 20 and BIA
Highway 1) are listed in Table 2.14-3.

Stochastic Analysis Results: The stochastic analysis indicated that the annual net benefits for
incremental road raises on ND Highway 57 (between ND Highway 20 and BIA Highway 1) were
greater than zero ($641,600). This strategy is highlighted on the decision tree (Figure 2.14-2).
The BCR for this approach was greater than one (11.47). These results indicate that this strategy
was economically justified. The present worth annualized detour damages that would be
prevented by this strategy were computed to be $694,900. The stochastic results are averages
over 10,000 traces.

Results for Specific Scenarios: In the economic analysis, flood protection strategies were also
analyzed for three specific climate futures. For ND Highway 57 (between ND Highway 20 and

P:\34\36\020\2001-14.doc 214 -4



BIA Highway 1), the identified strategy and the economic indices for each of the three climate
futures are as follows:

*  Wet Future — For the wet future, annual net benefits were $7,159,200, and the BCR was
15.93, indicating that this strategy was economically justified. For this future, the present
worth annualized detour damages that would be prevented were computed at $7,616,700.

e First Moderate Future — For the first moderate future, lake levels do not reach first damage
levels.

» Second Moderate Future — For the second moderate future, the net benefits were $1,592,400,
and the BCR was 9.58, indicating that this strategy was economically justified. For this
future, the present worth annualized detour damages that would be prevented were computed
at $1,738,400.
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STRATEGY COSTS BY ACTION LEVEL

Table 2.14-2

Flood Protection Costs
Feature 14: ND Highway 57 (between ND Highway 20 and BIA Highway 1)

Devils Lake Infrastructure Protection Study

R(1)A

R(2)

Action
Level Lake Elevation Maximum Raise at AL1 Temporary Closure at AL1 Raise at AL1; Temporary Closure at AL2 Raise at AL1, AL2
(MSL) (THOUSANDS)
ALl 1454 $14,274 $0 $6,203 $6,203
AL2 1459 $0 $0 $0 $8,071
COST BREAKDOWN
R(1A
R(2) R(2)
Lake Elevation 1454 Lake Elevation 1459
Strategy Description Quantity | Units Unit Value Description Quantity | Units Unit Value
Incremental Raise Cost (THOUSANDS) Cost (THOUSANDS)
Road Raise ND Highway 57 ND Highway 57
Fabric Liner 127,980 SY $1.33 $170 Fabric Liner 106,564 Sy $1.33 $142
Aggregate Base 10,161 CYy $21.20 $215 Aggregate Base 0 CcYy $21.20 $0
Fill 260,037 cYy $9.00 $2,340 Fill 643,319 cYy $9.00 $5,790
Riprap 85,642 CYy $30.00 $2,569 Riprap 71,311 CcYy $30.00 $2,139
Bituminous 19,037 TON $47.70 $908 Bituminous 0 TON $47.70 $0
Bridge Rebuild 0 EA  $530,000 $0 Bridge Rebuild 0 EA  $530,000 $0
Total $6,203 Total $8,071

Notes:

1. AL = Decision/Action Level specified on decision tree.

2. Elevations for decision/action levels are shown at 1-foot increments, rounded down to the nearest foot.

3. The costs for the Maximum Raise at AL1 strategy (R) is equal to the sum of the costs for all incremental raises.
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STRATEGY COSTS BY ACTION LEVEL

Table 2.14-2

Flood Protection Costs
Feature 14: ND Highway 57 (between ND Highway 20 and BIA Highway 1)

Devils Lake Infrastructure Protection Study

R(1)A

R(2)

Action
Level Lake Elevation Maximum Raise at AL1 Temporary Closure at AL1 Raise at AL1; Temporary Closure at AL2 Raise at AL1, AL2
(MSL) (THOUSANDS)
ALl 1454 $14,274 $0 $6,203 $6,203
AL2 1459 $0 $0 $0 $8,071
COST BREAKDOWN
R(1A
R(2) R(2)
Lake Elevation 1454 Lake Elevation 1459
Strategy Description Quantity | Units Unit Value Description Quantity | Units Unit Value
Incremental Raise Cost (THOUSANDS) Cost (THOUSANDS)
Road Raise ND Highway 57 ND Highway 57
Fabric Liner 127,980 SY $1.33 $170 Fabric Liner 106,564 Sy $1.33 $142
Aggregate Base 10,161 CYy $21.20 $215 Aggregate Base 0 CcYy $21.20 $0
Fill 260,037 cYy $9.00 $2,340 Fill 643,319 cYy $9.00 $5,790
Riprap 85,642 CYy $30.00 $2,569 Riprap 71,311 CcYy $30.00 $2,139
Bituminous 19,037 TON $47.70 $908 Bituminous 0 TON $47.70 $0
Bridge Rebuild 0 EA  $530,000 $0 Bridge Rebuild 0 EA  $530,000 $0
Total $6,203 Total $8,071

Notes:

1. AL = Decision/Action Level specified on decision tree.

2. Elevations for decision/action levels are shown at 1-foot increments, rounded down to the nearest foot.

3. The costs for the Maximum Raise at AL1 strategy (R) is equal to the sum of the costs for all incremental raises.
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Table 2.14 - 3

Economic Analysis of Strategies for
Highway 57 between Highway 20 and BIA 1

(Feature 14)

Stochastic Analysis (ST)

Mean Value over 10,000 Traces (Annual)

Strategy COSTS DAMAGES Total Benefits Net Benefits Benefit- Cost Ratio
Raise | Relocation Total Restoration Detour Relocation Detour Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation |Description A B C=A+B D E F G=D+E+F H=G(A) - G(S) * I=H-C I=H/C
A Temporary Closure During Floods at First Action Le $0 $0 $0 $8,100| $694,900 $0 $703,000 $0 $0 -
R Road Raise to 1468 $97,900 $0 $97,900 $0 $0 $0 $0 $703,000 $605,000 7.18
R(LA 1 Road Raise: Then Temporary Closure During Flo{| $42,500 $0 $42,500 $3,300| $162,800 $0 $166,100 $536,800 $494,300 12.63
R(2) 2 Incr. Road Raises $61,300 $0 $61,300 $0 $0 $0 $0 $703,000 $641,600 11.47
Wet Future Scenario (WF)
(Annual)
Strategy COSTS DAMAGES Total Benefits Net Benefits Benefit- Cost Ratio
Raise | Relocation Total Restoration Detour Relocation Detour Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation [Description A B C=A+B D E F G=D+E+F H=G(A)- G(S) * I=H-C I=H/C
A Temporary Closure During Floods at First Action Le $0 $0 $0 $22,100 | ######## $0 $7,638,900 $0 $0 -
R Road Raise to 1468 R $0| $581,500 $0 $0 $0 $0 $7,638,900 $7,057,400 13.14
R(DA 1 Road Raise: Then Temporary Closure During Flo|####### $0|| $252,700 $24,100 | #t###### $0 $3,243,400 $4,395,400 $4,142,800 17.39
R(2) 2 Incr. Road Raises T $0| $479,600 $0 $0 $0 $0 $7,638,900 $7,159,200 15.93
Moderate Future 1 Scenario (M1)
(Annual)
Strategy COSTS DAMAGES Total Benefits Net Benefits Benefit- Cost Ratio
Raise | Relocation Total Restoration Detour Relocation Detour Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation [Description A B C=A+B D E F G=D+E+F H=G(A)- G(S) * I=H-C I=H/C
A Temporary Closure During Floods at First Action Le $0 $0 $0 $0 $0 $0 $0 $0 $0 -
R Road Raise to 1468 $0 $0 $0 $0 $0 $0 $0 $0 $0 -
R(DA 1 Road Raise: Then Temporary Closure During Flo $0 $0 $0 $0 $0 $0 $0 $0 $0 -
R(2) 2 Incr. Road Raises $0 $0 $0 $0 $0 $0 $0 $0 $0 -
Moderate Future 2 Scenario (M2)
(Annual)
Strategy COSTS DAMAGES Total Benefits Net Benefits Benefit- Cost Ratio
Raise | Relocation Total Restoration Detour Relocation Detour Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation [Description A B C=A+B D E F G=D+E+F H=G(A) - G(S) * I=H-C I=H/C
A Temporary Closure During Floods at First Action Le $0 $0 $0 $39,500 | #######H# $0 $1,777,900 $0 $0 -
R Road Raise to 1468 T $0| $426,900 $0 $0 $0 $0 $1,777,900 $1,351,000 4.16
R(DA 1 Road Raise: Then Temporary Closure During Flo|####### $0| $185,500 $0 $0 $0 $0 $1,777,900 $1,592,400 9.58
R(2) 2 Incr. Road Raises BHEH R $0ff $185,500 $0 $0 $0 $0 $1,777,900 $1,592,400 9.58

All dollar values are present worth values annualized over a 50-year period at an interest rate of 6.375% and rounded to the nearest $100.
* Total benefits are calculated as the total damages incurred for "temporary closure strategy" minus the total damages for the strategy implemented (G(S) ).
The "No Protection" strategy for roads has been defined as temporary closure during floods at the first action level with restoration when the lake recedes.




Attachment to 2.14:

ND Highway 57 (between ND Highway 20 and BIA Highway 1)
Economic Analysis Assumptions

No feature-specific assumptions were made for Feature 14.

A.

1.

General Assumptions

Decisions were assumed to occur when the lake level is within (or predicted by the National Weather
Service to be within) 1 foot of the lowest road elevation. This assumption is consistent with curent
practices in the area as dictated by funding agencies. In the past, funding for road raiseshasnot been
available until the National Weather Service predicts on February 15th that the road will go under
water during that year.

If the road includes a bridge having a low chord elevation below the lowest road elevation, it was
assumed that no decision would occur until the lake level was within 1 foot of the lowest road
elevation. T his assumption follows current practices in the area.

Road Raises

Road raise costs were calculated in the manner presented in a previous study (Devils Lake Flood
Control: Economics Database Update: Transportation Report, Barr Engineering Company, January
1998). Unit costs for construction materials were updated for inflation by multiplying them by the
ENR Construction Cost Index of 1.06. This accounts for 6% inflation during the periodfrom 1998 to
February 2001. Additionally the cost of riprap and fill were increased from $20 to $30and$4.50to
$9.00, respectively. Based on conversations with the NDDOT, railroad companies, andthe Corpsof
Engineers the new costs for riprap and fill are more representative of the costs in the area.

The last road raise was assumed to be to elevation 1468. At this elevation, roads would be 5 feet
above the assumed maximum lake level (elevation 1463).

The final incremental road raise (to elevation 1468) was assumed to be no more than 8 feet andno
less than 4 feet.

Bureau of Indian Affairs (BIA) roads were assumed to be raised in 5-foot increments (Devils Lake
Flood Control: Economics Database Update: Transportation Report, Barr Engineering Company,
January 1998).

Temporary Road Closure During Hoods

It was assumed that if a road was temporarily closed, it would be restored after the lake level has
receded 1 foot below the top of road. All of the road features in this study are highly traveled Itis
very likely that people would want to use these roads again if the lake level receded after flooding,
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assuming that communities, businesses, farmsteads, and residents continue to generate the same level
of traffic as at present.

Restoration damages were calculated in the manner presented in Devils Lake Flood Control:
Economics Database Update: Transportation Report, Barr Engineering Company, January 1998.
Unit costs for construction materials were updated for inflation by multiplying them by the ENR
Construction Cost Index of 1.06. T his accounts for 6% inflation during the period from 1998 to
February 2001.

Detour damages were included for every year that a road is temporarily closed, as well as for the first
year that the lake has receded. It was assumed that during the first year after the lake hasreceded, the
road would be under restoration. During this first year, there would be both a detour damage and
restoration damage. After this first year, there would be no further detour or restoration damages
unless the lake rises to within 1 foot of the road again.

Restoration of a road would only occur after the lake has receded to 1 foot below the lowest elevation
in that road. This was based on the assumption that restoration would only occur when there isno
water on any part of the road and there would be only minor potential for wave action damagg on the
road.

Detour damages were calculated using a cost of $7 per hour of additional travel time, 1.5 people per
vehicle, and $0.32 per mile for additional travel distance (Corps of Engineers, March, 2001).
Additional time and miles traveled were taken from the results of the QRS Il model used in Devils
Lake Flood Control: Economics Database Update: Transportation Report, Barr Engineering
Company, January 1998. The QRS 11 model determines the overall effect of a closed road on an
entire network of traffic, incorporating the fact that traffic consists of trips having different origins
and destinations.

There is more commitment on the part of the North Dakota Department of Trangportation (NDDOT)
to the Highway 57 causeway than to the Highway 20 causeway through The Narrows. Therefore,
Highway 57 was assumed to be the detour route for the Highway 20 causeway. If the Highway 57
causeway was temporarily closed during flooding, it was assumed that the Highway 20 causeway
would also be temporarily closed.

The detour route for Highway 57 is around the lake to the west via Highway 281 and Highway 19.
Woods-Rutten Road was considered as a detour route for Highway 57, but it was not retained as a
viable alternative, because it would have to be significantly raised and improved to carry the traffic of
Highway 57.

Detour paths for this feature were determined assuming that Highway 20 across T he Narrows is
closed. No effort was made to link detour routes with lake level.
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9. Two features can have mutually interdependent detour routes if they are the most reasonable cetours.
In these cases, it was assumed that either the analyzed feature or the other feature would be raised or
rerouted. In these cases, the interdependency was noted.

D. Road Reroutes

1. There was no logical reroute for this feature.
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2.15 Summary of Economic Analysis Investigation for Feature 15:
ND Highway 57 (between BIA Highway 1 and US Highway 281)

2.15.0 Flood Protection Strategy

The flood protection strategy that was analyzed in the Economic Analysis of Devils Lake
Alternatives for ND Highway 57 (between BIA Highway 1 and US Highway 281) was
incremental road raises.

2.15.1 General Information
Feature Type: Road

Location: ND Highway 57 (between BIA Highway 1 and US Highway 281) is located in the
Third Commissioner District, Lallie East and Lallie West Townships in Benson County, on the
Spirit Lake Nation Reservation. The feature extends approximately 9 miles between US
Highway 281 at the west to BIA Highway 1 at the east. The accompanying Figure 2.15-1 shows
the feature’s location and extents, and the inundation extents at the three reference lake levels
(1447, 1454, and 1463).

Description: ND Highway 57 (between BIA Highway 1 and US Highway 281) is a two-lane
bituminous-surfaced state highway. The centerline elevation is 1455 from BIA 1 to Ski Jump
Road, while the remaining road elevation varies, most of it being above elevation 1450. Those
portions of this feature below 1455 are planned to be raised to 1455 in 2002, according to ND
DOT sources.

Significance: ND Highway 57 (between BIA Highway 1 and US Highway 281) is important
because it is the major east/west arterial route through the Spirit Lake Nation Reservation and
provides the most direct route between the City of Devils Lake and Fort Totten. One small
section of the roadway (just south of BIA Highway 1) is currently acting as a dam (see analysis of
Feature 25).

Damages: The flooding of ND Highway 57 (between BIA Highway 1 and US Highway 281)
would result in the following damages:

»  Detour damages resulting from the added travel time and miles traveled when ND Highway
57 (between BIA Highway 1 and US Highway 281) is closed and traffic is detoured

» Restoration damages resulting from repairs that would be necessary to bring the highway
back to a useable condition after a period of inundation

Owner/Sponsor: The North Dakota Department of Transportation is responsible for managing
and maintaining ND Highway 57 (between BIA Highway 1 and US Highway 281).
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Lead Federal Agency: The Federal Highway Administration would take the lead for ND
Highway 57 (between BIA Highway 1 and US Highway 281) in any flood protection work that
may take place.

2.15.2 Feature Protection

History of Flood Protection: In the past, flood protection for ND Highway 57 (between BIA
Highway 1 and US Highway 281) has consisted of raising the road to keep it from being
overtopped. The most recent raise of ND Highway 57 (between BIA Highway 1 and US
Highway 281) occurred in 1999 when the road elevation was raised to 1455 for 3.5 miles between
BIA 1 and Ski Jump Road. A previous raise was completed in 1997, when a 0.74-mile portion of
the road was raised to 1447.5.

General Protection Strategy: The analysis identified and evaluated one approach for protecting
ND Highway 57 (between BIA Highway 1 and US Highway 281): raising the road.

Protection Strategy by Lake Level: The Economic Analysis of Devils Lake Alternatives
analyzed the flood protection strategy of raising the road, with flood-protection decisions being
made at various lake levels as Devils Lake continued to rise. Figure 2.15-2 shows the decision
tree for ND Highway 57 (between BIA Highway 1 and US Highway 281). As shown on Figure
2.15-2, the stepwise approach to flood protection for ND Highway 57 (between BIA Highway 1
and US Highway 281) that was analyzed consisted of the following:

1. At lake elevation 1454, a decision would be made as to whether the road would be raised to
1460, or temporarily closed.

2. If the road were raised at the first action level, at lake elevation 1459 another decision would
be made as to whether the road would be raised to 1468, or temporarily closed.

The maximum protection strategy that was analyzed at the first action level was raising the road
to 1468. (Note that for the analysis, the decision regarding whether or not to raise the road is
made at a time when the lake is one foot below the minimum highway elevation that resulted
from the most recent raise.)

Interdependencies: The protection of ND Highway 57 (between BIA Highway 1 and US
Highway 281) is related to the protection of several other features:

» Feature 2: City of Devils Lake — ND Highway 57 (between BIA Highway 1 and US Highway
281) is a major east-west route for traffic going south out of the city. Therefore, decisions on
flood protection in the City of Devils Lake will impact traffic on ND Highway 57 (between
BIA Highway 1 and US Highway 281).
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» Feature 3: Fort Totten — ND Highway 57 (between BIA Highway 1 and US Highway 281) is
the major road through Fort Totten. Therefore, decisions regarding flood protection in Fort
Totten will impact traffic on ND Highway 57 (between BIA Highway 1 and US Highway
281).

» Feature 13: US Highway 2 — US Highway 2 would serve as an alternate east-west route if ND
Highway 57 east of US Highway 281 was closed, and would take on the additional traffic that
normally travels that highway.

* Feature 14: ND Highway 57 (between ND Highway 20 and BIA Highway 1) — These two
features are extensions of the other, and therefore flood protection decisions on one section
will impact the traffic on the other section.

» Feature 16: US Highway 281 (South of US Highway 2) — The terminus of ND Highway 57
(between BIA Highway 1 and US Highway 281) is US Highway 281 at the west end.
Therefore, changes to traffic patterns on one ND Highway 57 will impact traffic on Feature
16.

» Feature 18: ND Highway 19 — These two roads are the major east-west routes around Devils
Lake, and changes to traffic on one will affect the traffic counts on the other road.

» Feature 21: ND Highway 20 (City of Devils Lake Levee to ND Highway 57) — Traffic on ND
Highway 57 (between BIA Highway 1 and US Highway 281) going into or out of the City of
Devils Lake is routed on Feature 21 north of Highway 57. If Feature 15 is closed, traffic
volumes on Feature 21 will be impacted.

» Feature 22: ND Highway 20 (ND Highway 57 to Tokio) — ND Highway 57 (between BIA
Highway 1 and US Highway 281) and Feature 22 are the only two roads that span the
“Narrows” across Devils Lake. Flood protection decisions on either road will impact the
traffic volumes on the other road.

» Feature 24: BIA Highway 6 — Closure or relocation of Feature 24 will impact the amount of
traffic on Feature 15 (and vise-versa) because the two features are alternate east-west travel
routes through the Spirit Lake Nation Reservation.

Table 2.0-1, mentioned earlier in this report, provides a summary of the interdependencies among
the features.

2.15.3 Feature Economics

Damages: For ND Highway 57 (between BIA Highway 1 and US Highway 281), the damages
resulting from flooding were estimated up to the maximum lake level (1463). The damage
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computations for ND Highway 57 (between BIA Highway 1 and US Highway 281) are
summarized in the accompanying Table 2.15-1.

The detour damages for ND Highway 57 (between BIA Highway 1 and US Highway 281),
assume that all other features are open, and traffic is routed around the lake if ND Highway 57
(between BIA Highway 1 and US Highway 281) is temporarily closed. This was one of the four
features in the Economics Analysis that was credited with the large detour damages around the
lake (See discussion in Section 2.0.1.5). The computation of basin-wide damages required
certain assumptions regarding interdependent roads in order to ensure that the basin-wide
Economic Analysis was accurately representing overall traffic patterns.

The top portion of Table 2.15-1 gives a summary of the annual detour damages that would occur
during the years when the highway is temporarily closed. It also shows road restoration damages
that can be expected when the lake recedes after a period of flooding. Restoration damages
include rebuilding the road with excavation, fill, surface material, and bridge repairs. Restoration
damages are a per-event damage.

The lower portion of the table shows the breakdown of these summary values for each of the
three action levels. It gives quantities in terms of miles per year (of extra miles traveled as a
result of detours) and hours per year (of additional travel time resulting from detours) for the
detour damages. Also shown are quantities and line-item damages for excavation, fabric liner,
aggregate base course, and fill for road restoration work when waters recede.

Unit prices for all the damage computations were discussed previously in Section 2.0, and are
detailed in Table 2.0-2. Assumptions regarding the damage computations, data sources, and other
aspects of the economic analysis for ND Highway 57 (between BIA Highway 1 and US Highway
281) are listed in the Feature 15 Assumptions listing, appended to this Section 2.15.

Costs: The costs of providing flood protection for ND Highway 57 (between BIA Highway 1 and
US Highway 281) are detailed in the accompanying Table 2.15-2. Quantities and line-item totals
are listed.

The top portion of the table gives the costs of providing flood protection (as represented in the
analysis) by action level for various levels of flood protection. The lower portion of the table
gives a breakdown of the quantities and costs by line item: fabric liner, aggregate base, fill,
riprap, and bituminous pavement material.

Unit costs for all the cost computations were discussed previously in Section 2.0, and are detailed
in Table 2.0-2. Assumptions regarding the cost computations, data sources, and other aspects of
the economic analysis for ND Highway 57 (between BIA Highway 1 and US Highway 281) are
listed in the Feature 15 Assumptions listing, appended to this Section 2.15.

P:\34\36\020\2001-15.doc 2.15-4



2.15.4 Results of Economic Analysis

The results of the Economic Analysis for the ND Highway 57 (between BIA Highway 1 and US
Highway 281) are listed in Table 2.15-3.

Stochastic Analysis Results: The flood protection strategy that was analyzed for protecting ND
Highway 57 (between BIA Highway 1 and US Highway 281) was two incremental road raises.
This strategy is highlighted on the decision tree (Figure 2.15-2). The average annual net benefits
for this strategy were greater than zero ($349,400). The BCR for this strategy was greater than
one (3.01). These results indicate that this strategy was economically justified. The present
worth annualized detour damages that would be prevented by this strategy were computed to be
$503,100. The stochastic results are averages over 10,000 traces.

Results for Specific Scenarios: In the economic analysis, flood protection strategies were also
analyzed for three specific climate futures. For ND Highway 57 (between BIA Highway 1 and
US Highway 281), the identified strategy and the economic indices for each of the three climate
futures are as follows:

*  Wet Future — For the wet future, the annual net benefits were $4,173,700, and the BCR was
3.97, indicating that this strategy was economically justified. For this future, the present
worth annualized detour damages that would be prevented were computed at $5,514,900.

«  First Moderate Future — For the first moderate future, lake levels do not reach the first
damage levels.

« Second Moderate Future — For the second moderate future, the annual net benefits were
$853,900, and the BCR was 2.74, indicating that this strategy was economically justified.
For this future, the present worth annualized detour damages that would be prevented were
computed at $1,258,700.
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DAMAGES
Action
Levels Annual Detour Damages
(THOUSANDS)
AL1-AL2 $9,488

DAMAGE BREAKDOWN

Table 2.15-1

Flood Damages

Feature 15: ND Highway 57 (between BIA Highway 1 and US Highway 281
Devils Lake Infrastructure Protection Study

AL1-AL2
Description | Quantity | Units Unit Value
Damage Cost (THOUSANDS)
Annual Detour Damages ND Highway 57
HR/YEAR 385,700 HR $7.00 $2,700
MILES/YEAR 21,213533 MILE $0.32 $6,788
Total $9,488
Restoration Damages
Excavation Fabric Liner Aggregate Base Course Fill Bituminous Pavement Bridge Repair
Total Quantity Units Unit Value Quantity Units Unit Value Quantity Units Unit Value Quantity Units Unit Value Quantity Units Unit Value Quantity] Units Unit Cost
Elevation | (THOUSANDS) Cost | (THOUSANDS) Cost | (THOUSANDS) Cost (THOUSANDS) Cost (THOUSANDS) Cost (THOUSANDS) Cost (THOUSANDS)
1454 $0
1455 $3,644 101,600 CY $2.65 $269 179,943 SY $1.33 $239 21,872 CY $21.20 $464 150,430 CY $4.77 $718 40,979 TON $47.70 $1,955 0 EA $530,000 $0
1456 $3,644 101,600 CcY $2.65 $269 179,943 SY $1.33 $239 21,872 CY $21.20 $464 150,430 CY $4.77 $718 40,979 TON $47.70 $1,955 0 EA $530,000 $0
1457 $4,599 128,200 CY $2.65 $340 227,054 SY $1.33 $302 27,599 CY $21.20 $585 189,814 CY $4.77 $905 51,707 TON $47.70 $2,466 0 EA $530,000 $0
1458 $4,599 128,200 CY $2.65 $340 227,054 SY $1.33 $302 27,599 CY $21.20 $585 189,814 CcY $4.77 $905 51,707 TON $47.70 $2,466 0 EA $530,000 $0
1459 $4,599 128,200 CY $2.65 $340 227,054 SY $1.33 $302 27,599 CY $21.20 $585 189,814 CY $4.77 $905 51,707 TON $47.70 $2,466 0 EA $530,000 $0
1460 $4,599 128,200 CcY $2.65 $340 227,054 SY $1.33 $302 27,599 CY $21.20 $585 189,814 CcY $4.77 $905 51,707 TON $47.70 $2,466 0 EA $530,000 $0
1461 $5,460 152,200 CcY $2.65 $403 269,561 SY $1.33 $359 32,765 CY $21.20 $695 225,349 CY $4.77 $1,075 61,387 TON $47.70 $2,928 0 EA $530,000 $0
1462 $5,460 152,200 (24 $2.65 $403 269,561 SY $1.33 $359 32,765 CY $21.20 $695 225,349 (24 $4.77 $1,075 61,387 TON $47.70 $2,928 0 EA $530,000 $0
1463 $5,460 152,200 CY $2.65 $403 269,561 SY $1.33 $359 32,765 CY $21.20 $695 225,349 CY $4.77 $1,075 61,387 TON $47.70 $2,928 0 EA $530,000 $0
Notes:

1. AL = Decision/Action Level specified on decision tree.
2. Elevations for decision/action levels are shown at 1-foot increments, rounded down to the nearest foot.
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STRATEGY COSTS BY ACTION LEVEL

Table 2.15-2

Flood Protection Costs
Feature 15: ND Highway 57 (between BIA Highway 1 and US Highway 281)

Devils Lake Infrastructure Protection Study

R(1)A

R(2)

Action
Level Lake Elevation Maximum Raise at AL1 Temporary Closure at AL1 Raise at AL1; Temporary Closure at AL2 Raise at AL1, AL2
(MSL) (THOUSANDS)
ALl 1454 $42,667 $0 $16,380 $16,380
AL2 1459 $0 $0 $0 $26,287
COST BREAKDOWN
R
R(1A
R(2) R(2)
Lake Elevation 1454 Lake Elevation 1459
Strategy Description Quantity | Units Unit Value Description Quantity | Units Unit Value
Incremental Raise Cost (THOUSANDS) Cost (THOUSANDS)
Road Raise ND Highway 57 ND Highway 57

Fabric Liner 340,101 SY $1.33 $452 Fabric Liner 374,832 Sy $1.33 $499

Aggregate Base 27,599 CYy $21.20 $585 Aggregate Base 5,167 CcYy $21.20 $110

Fill 672,052 cYy $9.00 $6,048 Fill 1,965,837 cYy $9.00 $17,693

Riprap 227,589 CYy $30.00 $6,828 Riprap 250,831 CcYy $30.00 $7,525

Bituminous 51,707 TON $47.70 $2,466 Bituminous 9,680 TON $47.70 $462

Bridge Rebuild 0 EA  $530,000 $0 Bridge Rebuild 0 EA  $530,000 $0

Total $16,380 Total $26,287

Notes:

1. AL = Decision/Action Level specified on decision tree.

2. Elevations for decision/action levels are shown at 1-foot increments, rounded down to the nearest foot.

3. The costs for the Maximum Raise at AL1 strategy (R) is equal to the sum of the costs for all incremental raises.
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Table 2.15-3

Economic Analysis of Strategies for
Highway 57 between BIA 1 and Highway 281

(Feature 15)

Stochastic Analysis (ST)
Mean Value over 10,000 Traces (Annual)

Strategy COSTS DAMAGES Total Benefits Net Benefits Benefit- Cost Ratio
Raise Relocation Total Restoration Detour Relocation Detour Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation |Description A B C=A+B D E F G=D+E+F H=G(A) - G(S) * I=H-C I=H/C
A Temporary Closure During Floods at First Action Le $0 $0 $0 $19,800( $503,100 $0 $523,000 $0 $0 -
R Road Raise to 1468 $292,700 $0ff $292,700 $0 $0 $0 $0 $523,000 $230,300 1.79
R(LA 1 Road Raise: Then Temporary Closure During Flo{ $112,300 $0|| $112,300 $9,600| $117,900 $0 $127,500 $395,500 $283,100 3.52
R(2) 2 Incr. Road Raises $173,500 $0|[ $173,500 $0 $0 $0 $0 $523,000 $349,400 3.01
Wet Future Scenario (WF)
(Annual)
Strategy COSTS DAMAGES Total Benefits Net Benefits Benefit- Cost Ratio
Raise Relocation Total Restoration Detour Relocation Detour Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation [Description A B C=A+B D E F G=D+E+F H=G(A)-G(S) * I=H-C I=H/C
A Temporary Closure During Floods at First Action Le $0 $0 $0 $65,200 | #H####### $0 $5,580,100 $0 $0 -
R Road Raise to 1468 #HIER $0//$1,738,100 $0 $0 $0 $0 $5,580,100 $3,842,000 3.21
R(DA 1 Road Raise: Then Temporary Closure During Flo{ $667,300 $0|| $667,300 $72,900 | #Ht###### $0 $2,403,800 $3,176,300 $2,509,000 4.76
R(2) 2 Incr. Road Raises w7 $0//$1,406,400 $0 $0 $0 $0 $5,580,100 $4,173,700 3.97
Moderate Future 1 Scenario (M1)
Mean Value over 10,000 Traces (Annual
Strategy COSTS DAMAGES Total Benefits Net Benefits Benefit- Cost Ratio
Raise Relocation Total Restoration Detour Relocation Detour Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation [Description A B C=A+B D E F G=D+E+F H=G(A)-G(S)* I=H-C I=H/C
A Temporary Closure During Floods at First Action Le $0 $0 $0 $0 $0 $0 $0 $0 $0 -
R Road Raise to 1468 $0 $0 $0 $0 $0 $0 $0 $0 $0 -
R(DA 1 Road Raise: Then Temporary Closure During Flo $0 $0 $0 $0 $0 $0 $0 $0 $0 -
R(2) 2 Incr. Road Raises $0 $0 $0 $0 $0 $0 $0 $0 $0 -
Moderate Future 2 Scenario (M2)
(Annual)
Strategy COSTS DAMAGES Total Benefits Net Benefits Benefit- Cost Ratio
Raise Relocation Total Restoration Detour Relocation Detour Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation [Description A B C=A+B D E F G=D+E+F H=G(A)- G(S) * I=H-C I=H/C
A Temporary Closure During Floods at First Action Le $0 $0 $0 $85,100 | #H###### $0 $1,343,800 $0 $0 -
R Road Raise to 1468 w7 $0(/$1,276,100 $0 $0 $0 $0 $1,343,800 $67,700 1.05
R(1)A 1 Road Raise: Then Temporary Closure During Flo{ $489,900 $0f $489,900 $0 $0 $0 $0 $1,343,800 $853,900 2.74
R(2) 2 Incr. Road Raises $489,900 $0|| $489,900 $0 $0 $0 $0 $1,343,800 $853,900 2.74

All dollar values are present worth values annualized over a 50-year period at an interest rate of 6.375% and rounded to the nearest $100.
* Total benefits are calculated as the total damages incurred for "temporary closure strategy" minus the total damages for the strategy implemented (G(S) ).

The "No Protection" strategy for roads has been defined as temporary closure during floods at the first action level with restoration when the lake recedes.

P:\34\36\020\Economic Tables\MIP_Econ_Summary_2001data.xls




Attachment to 2.15:

ND Highway 57 (between BIA Highway 1 and US Highway 281)
Economic Analysis Assumptions

1. Plans for 2002 include raising Highway 57 from a minimum elevation of 1447.5 to 1455. Forthis
analysis, the work was assumed completed and the new elevations were used.

A. General Assumptions

1. Decisions were assumed to occur when the lake level is within (or predicted by the National Weather
Service to be within) 1 foot of the lowest road elevation. This assumption is consistent with curent
practices in the area as dictated by funding agencies. In the past, funding for road raiseshasnot been
available until the National Weather Service predicts on February 15th that the road will go under
water during that year.

2. If the road includes a bridge having a low chord elevation below the lowest road elevation, it was
assumed that no decision would occur until the lake level was within 1 foot of the lowest road
elevation. This assumption follows current practices in the area.

B. Road Raises

Road raise costs were calculated in the manner presented in a previous study (Devils Lake Flood
Control: Economics Database Update: Transportation Report, Barr Engineering Company, January
1998). Unit costs for construction materials were updated for inflation by multiplying them by the
ENR Construction Cost Index of 1.06. This accounts for 6% inflation during the periodfrom 1998 to
February 2001. Additionally the cost of riprap and fill were increased from $20 to $30and$4.50to
$9.00, respectively. Based on conversations with the NDDOT, railroad companies, andthe Corpsof
Engineers the new costs for riprap and fill are more representative of the costs in the area.

2. The last road raise was assumed to be to elevation 1468. At this elevation, roads would be 5 feet
above the assumed maximum lake level (elevation 1463).

3. The final incremental road raise (to elevation 1468) was assumed to be no more than 8 feet andno
less than 4 feet.

C. Temporary Road Closure During Hoods

1. It was assumed that if a road was temporarily closed, it would be restored after the lake level has
receded 1 foot below the top of road. All of the road features in this study are highly traveled Itis
very likely that people would want to use these roads again if the lake level receded after flooding,
assuming that communities, businesses, farmsteads, and residents continue to generate the same level
of traffic as at present.
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Restoration damages were calculated in the manner presented in Devils Lake Flood Control:
Economics Database Update: Transportation Report, Barr Engineering Company, January 1998.
Unit costs for construction materials were updated for inflation by multiplying them by the ENR
Construction Cost Index of 1.06. T his accounts for 6% inflation during the period from 1998 to
February 2001.

Detour damages were included for every year that a road is temporarily closed, as well as for the first
year that the lake has receded. It was assumed that during the first year after the lake hasrececkd, the
road would be under restoration. During this first year, there would be both a detour damage and
restoration damage. After this first year, there would be no further detour or restoration damages
unless the lake rises to within 1 foot of the road again.

Restoration of a road would only occur after the lake has receded to 1 foot below the lones elevation
in that road. This was based on the assumption that restoration would only occur when there isno
water on any part of the road and there would be only minor potential for wave action damage on the
road.

Detour damages were calculated using a cost of $7 per hour of additional travel time, 1.5 people per
vehicle, and $0.32 per mile for additional travel distance (Corps of Engineers, March, 2001).
Additional time and miles traveled were taken from the results of the QRS Il model used in Devils
Lake Flood Control: Economics Database Update: Transportation Report, Barr Engineering
Company, January 1998. The QRS II model determines the overall effect of a closed road on an
entire network of traffic, incorporating the fact that traffic consists of trips having different origins
and destinations.

The detour route for Highway 57 is around the lake to the west via Highway 281 and Highway 19.
Woods-Rutten Road was considered as a detour route for Highway 57, but it was not retained as a
viable alternative, because it would have to be significantly raised and improved to carry the traffic of
Highway 57.

Detour paths were determined assuming that all other featured roads would be open. No effort wes
made to link detour routes with lake level.

Two features can have mutually interdependent detour routes if they are the most reasonable detours.
In these cases, it was assumed that either the analyzed feature or the other feature would be raised or
rerouted. In these cases, the interdependency was noted.

. Road Reroutes

There was no logical reroute for this feature.
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2.16 Summary of Economic Analysis Investigation for Feature 16:
US Highway 281 (South of US Highway 2)

2.16.0 Flood Protection Strategy

The flood protection strategies that were analyzed in the Economic Analysis of Devils Lake
Alternatives for US Highway 281 (South of US Highway 2) were relocation and incremental road
raises.

2.16.1 General Information
Feature Type: Road

Location: Feature 16 is the 25.5-mile portion of US Highway 281 extending from just south of
its intersection with ND Highway 57 at the south to its intersection with US Highway 2 outside of
Churchs Ferry at the north. US Highway 281 (South of US Highway 2) passes through the City
of Minnewaukan, and the Townships of Normania, Riggin, West Bay, Oberon, and Lallie in
Benson County. The accompanying Figure 2.16-1 shows the feature’s location and approximate
extents, and the inundation extents at the three reference lake levels (1447, 1454, and 1463).

Description: US Highway 281 (South of US Highway 2) is a two-lane bituminous National
Highway. The entire highway route spans the United States from Canada to Texas. It is
classified as a principal arterial highway and National Highway System route.

Significance: This portion of US Highway 281 is important because it is a major traffic route in
the area, including the main route between Fort Totten and Minnewaukan. It is vital to serving
local transportation, agricultural needs, and moving products through the area.

Damages: The flooding of Feature 16 would result in the following damages:

»  Detour damages resulting from the added travel time and miles traveled when US Highway
281 (South of US Highway 2) is closed and traffic is detoured

» Restoration damages resulting from repairs that would be necessary to bring the highway
back to a useable condition after a period of inundation

Owner/Sponsor: The North Dakota Department of Transportation is responsible for managing
and maintaining US Highway 281 (South of US Highway 2).

Lead Federal Agency: The Federal Highway Administration would take the lead for US
Highway 281 (South of US Highway 2) for any flood protection work that may take place.
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2.16.2 Feature Protection

History of Flood Protection: Flood protection for US Highway 281 (South of US Highway 2)
has thus far consisted of road raises. During 1997 and 1998, 8.8 miles of highway were raised to
1452.

General Protection Strategy: The analysis identified and evaluated two different approaches
for protecting US Highway 281 (South of US Highway 2). These included:

e Highway relocation
e Incremental road raises

Protection Strategy by Lake Level: The Economic Analysis of Devils Lake Alternatives
evaluated both of the flood protection strategies, with flood protection decisions being made at
various lake levels as Devils Lake continued to rise. Figure 2.16-2 shows the decision tree for US
Highway 281 (South of US Highway 2). As shown on Figure 2.16-2, the stepwise approach to
flood protection for US Highway 281 (South of US Highway 2) that was analyzed consisted of
the following:

1. At lake elevation 1447, a decision would be made as to whether the road would be raised to
1449, temporarily closed, or relocated to the west.

2. If the road were raised at the first action level, at lake elevation 1448 another decision would
be made as to whether the road would be raised to 1454, temporarily closed, or relocated to
the west.

3. If the road were raised at the second action level, at lake elevation 1453 another decision
would be made as to whether the road would be raised to 1459, temporarily closed, or
relocated to the west.

4. If the road were raised at the third action level, at lake elevation 1458 another decision would
be made as to whether the road would be raised to 1464, temporarily closed, or relocated to
the west.

5. If the road were raised at the fourth action level, at lake elevation 1463 another decision
would be made as to whether the road would be raised to 1468, temporarily closed, or
relocated to the west.

The maximum protection strategy that was analyzed at the first action level was relocating the
road to the west. (Note that for the analysis, the decision regarding whether or not to raise the
road is made at a time when the lake is one foot below the minimum highway elevation that
resulted from the most recent raise.)
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Interdependencies: The protection of US Highway 281(South of US Highway 2) is related to
the protection of the following features:

» Feature 4: City of Minnewaukan — US Highway 281(South of US Highway 2) is the major
transportation route through Feature 4. The protection strategy chosen for either, particularly
if the strategy involves relocation, will have an impact on the other feature.

» Feature 13: US Highway 2 — The north end of Feature 16 is at its intersection with Feature
13. The protection strategy chosen for either, particularly if the strategy involves relocation,
will have an impact on the other feature.

» Feature 14: ND Highway 57 (between ND Highway 20 and BIA Highway 1) — If Feature 16
is closed, Feature 14 would experience increased traffic as a detour route to Highway 2 and
the City of Devils Lake.

» Feature 15: ND Highway 57 (between BIA Highway 1 and US Highway 281) — If Feature 16
is closed, Feature 14 would experience increased traffic as a detour route to Highway 2 and
the City of Devils Lake.

» Feature 17: US Highway 281 (North of US Highway 2) — Features 17 and 16 are segments of
the same highway, so the protection strategy chosen for either, particularly if the strategy
involves relocation, will have an impact on the other feature.

* Feature 18: ND Highway 19 — ND Highway 19 has its west terminus at US Highway 281
(South of US Highway 2). Therefore, if Feature 16 were closed, traffic on ND Highway 19
would be reduced.

» Feature 21: ND Highway 20 (City of Devils Lake Levee to ND Highway 57) — If Feature 16
is closed, Feature 21 would experience increased traffic as a detour route to Highway 2 and
the City of Devils Lake.

e Feature 23: BIA Highway 1 — If Feature 16 is closed, Feature 23 would experience increased
traffic as a detour route.

» Feature 24: BIA Highway 6 — If Feature 16 is closed, Feature 24 would experience increased
traffic as a detour route.

Table 2.0-1, mentioned earlier in this report, provides a summary of the interdependencies among
the features.
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2.16.3 Feature Economics

Damages: For US Highway 281 (South of US Highway 2), the damages resulting from flooding
were estimated up to the maximum lake level (1463). The damage computations for Feature 16
are summarized in the accompanying Table 2.16-1.

The first portion of the table shows a summary of the detour damages that would occur during
years that the highway was flooded. The second portion of the table is a breakdown of the
damages associated with each level including annual detour damages and restoration damage
costs. Restoration damages represent the costs to restore Feature 16 once the lake levels recede
after a period of flooding. Restoration damages include rebuilding the road with excavation, fill,
surface material, and bridge repairs. Restoration damages are a per-event damage.

Unit costs for all the damage computations were discussed previously in Section 2.0, and are
detailed in Table 2.0-2. Assumptions regarding the damage computations, data sources, and other
aspects of the economic analysis for US Highway 281 (South of US Highway 2) are listed in the
Feature 16 Assumptions listing, appended to this Section 2.16.

Costs: The costs of providing flood protection for US Highway 281 (South of US Highway 2)
are detailed in the accompanying Table 2.16-2. Unit costs, data sources, and relevant
assumptions are listed.

The first portion of the table shows the cost associated with each action level (1447, 1448, 1453,
1458, and 1463). The second portion of the table is a breakdown of incremental road raises and
relocation costs. Incremental road raise costs are broken down into six categories: fabric liner,
aggregate base, fill, riprap, bituminous, and bridge work. Relocation assumes a per mile cost.

Unit costs for all the cost computations were discussed previously in Section 2.0, and are detailed
in Table 2.0-2. Assumptions regarding the cost computations, data sources, and other aspects of

the economic analysis for US Highway 281 (South of US Highway 2) are listed in the Feature 16
Assumptions listing, appended to this Section 2.16.

2.16.4 Results of Economic Analysis

The results of the Economic Analysis for the US Highway 281 (South of US Highway 2) are
listed in Table 2.16-3.

Stochastic Analysis Results: The stochastic analysis indicated that the largest net benefits for
protecting US Highway 281 (South of US Highway 2) was incremental road raises. This strategy
is highlighted on the decision tree (Figure 2.16-2). The average annual net benefits for this
strategy were greater than zero ($199,600). The BCR for this strategy was greater than one
(1.08). These results indicate that this strategy was economically justified. The present worth
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annualized detour damages that would be prevented by this strategy were computed to be
$2,386,000. The stochastic results are averages over 10,000 traces.

Results for Specific Scenarios: In the economic analysis, flood protection strategies were also
analyzed for three specific climate futures. For US Highway 281 (South of US Highway 2), the
identified strategy and the economic indices for each of the three climate futures are as follows:

*  Wet Future — For the wet future, the annual net benefits were -$801,600, and the BCR was
0.87, indicating that the incremental raise strategy was not economically justified. For this
future, the present worth annualized detour damages that would be prevented were computed
at $5,214,000. The relocation strategy had annual net benefits that were $2,149,800, and the
BCR was 2.44, indicating that the relocation strategy would be economically justified under
the wet future. The present worth annualized detour damages that would be prevented would
be reduced to $3,639,000 (detour damages are reduced by the annual reroute costs).

* First Moderate Future — For the first moderate future, the annual net benefits were
$1,275,700, and the BCR was 1.99, indicating that the incremental raise strategy was
economically justified. For this future, the present worth annualized detour damages that
would be prevented were computed at $2,119,500.

« Second Moderate Future — For the second moderate future, the annual net benefits were
$915,700, and the BCR was 1.24, indicating that the incremental raise strategy was
economically justified. For this future, the present worth annualized detour damages that
would be prevented were computed at $4,494,500.
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Devils Lake Infrastructure Protection Study

Table 2.16-1

Flood Damages
Feature 16: US Highway 281 (South of US Highway 2)

DAMAGES
Action
Levels Strategy Annual Detour Damages
(THOUSANDS)
AL1-AL5 A - Temporary Closure at AL1 $5,214
Re - Relocate at AL1 $1,575
DAMAGE BREAKDOWN
AL1-ALS5
Description | Quantity | Units Unit Value
Damage Cost (THOUSANDS)
Annual Detour Damages US HWY 281
HR/YEAR 211,934 HR $7.00 $1,484
MILES/YEAR 11,656,390 MILE $0.32 $3,730
Total $5,214
Annual Relocation US HWY 281
Detour Damages HR/YEAR 64,025 HR $7.00 $448
MILES/YEAR 3,521,410  MILE $0.32 $1,127
Total $1,575
Restoration Damages |
Excavation Fabric Liner Aggregate Base Course Fill Bituminous Pavement Bridge Repair
Total Quantity Units Unit Value Quantity Units Unit Value Quantity Units Unit Value Quantity Units Unit Value Quantity Units Unit Value Quantity] Units Unit Cost
Elevation | (THOUSANDS) Cost | (THOUSANDS) Cost | (THOUSANDS) Cost (THOUSANDS) Cost (THOUSANDS) Cost (THOUSANDS) Cost (THOUSANDS)
1447 $0
1448 $2,567 42,000 CcY $2.65 $111 74,386 SY $1.33 $99 9,042 CY $21.20 $192 62,186 CcY $4.77 $297 16,940 TON $47.70 $808 2 EA $530,000 $1,060
1449 $2,567 42,000 CcY $2.65 $111 74,386 SY $1.33 $99 9,042 CY $21.20 $192 62,186 CY $4.77 $297 16,940 TON $47.70 $808 2 EA $530,000 $1,060
1450 $2,567 42,000 CY $2.65 $111 74,386 SY $1.33 $99 9,042 CY $21.20 $192 62,186 CY $4.77 $297 16,940 TON $47.70 $808 2 EA $530,000 $1,060
1451 $7,875 190,000 CY $2.65 $504 336,508 SY $1.33 $448 40,903 CY $21.20 $867 281,316 CY $4.77 $1,342 76,633 TON $47.70 $3,655 2 EA $530,000 $1,060
1452 $11,678 296,000 CcY $2.65 $784 524,244 SY $1.33 $697 63,722 CY $21.20 $1,351 438,260 CY $4.77 $2,091 119,387 TON $47.70 $5,695 2 EA $530,000 $1,060
1453 $12,453 317,600 CY $2.65 $842 562,500 SY $1.33 $748 68,372 CY $21.20 $1,449 470,241 CY $4.77 $2,243 128,099 TON $47.70 $6,110 2 EA $530,000 $1,060
1454 $14,634 378,400 CY $2.65 $1,003 670,182 SY $1.33 $891 81,461 CY $21.20 $1,727 560,262 CcY $4.77 $2,672 152,621 TON $47.70 $7,280 2 EA $530,000 $1,060
1455 $14,634 378,400 CY $2.65 $1,003 670,182 SY $1.33 $891 81,461 CY $21.20 $1,727 560,262 CcY $4.77 $2,672 152,621 TON $47.70 $7,280 2 EA $530,000 $1,060
1456 $16,155 420,800 CcY $2.65 $1,115 745,277 SY $1.33 $991 90,589 CY $21.20 $1,920 623,040 CcY $4.77 $2,972 169,723 TON $47.70 $8,096 2 EA $530,000 $1,060
1457 $16,155 420,800 CcY $2.65 $1,115 745,277 SY $1.33 $991 90,589 CY $21.20 $1,920 623,040 CY $4.77 $2,972 169,723 TON $47.70 $8,096 2 EA $530,000 $1,060
1458 $16,693 435,800 CY $2.65 $1,155 771,843 SY $1.33 $1,027 93,818 CY $21.20 $1,989 645,249 CY $4.77 $3,078 175,773 TON $47.70 $8,384 2 EA $530,000 $1,060
1459 $17,180 449,400 CY $2.65 $1,191 795,930 SY $1.33 $1,059 96,746 CY $21.20 $2,051 665,385 CY $4.77 $3,174 181,258 TON $47.70 $8,646 2 EA $530,000 $1,060
1460 $17,180 449,400 CcY $2.65 $1,191 795,930 SY $1.33 $1,059 96,746 CY $21.20 $2,051 665,385 CY $4.77 $3,174 181,258 TON $47.70 $8,646 2 EA $530,000 $1,060
1461 $17,762 465,600 CY $2.65 $1,234 824,622 SY $1.33 $1,097 100,233 CY $21.20 $2,125 689,371 CY $4.77 $3,288 187,792 TON $47.70 $8,958 2 EA $530,000 $1,060
1462 $17,762 465,600 CY $2.65 $1,234 824,622 SY $1.33 $1,097 100,233 CY $21.20 $2,125 689,371 CcY $4.77 $3,288 187,792 TON $47.70 $8,958 2 EA $530,000 $1,060
1463 $17,762 465,600 CcY $2.65 $1,234 824,622 SY $1.33 $1,097 100,233 CcY $21.20 $2,125 689,371 CY $4.77 $3,288 187,792 TON $47.70 $8,958 2 EA $530,000 $1,060

Notes:
1. AL = Decision/Action Level

specified on decision tree.

2. Elevations for decision/action levels are shown at 1-foot increments, rounded down to the nearest foot.
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STRATEGY COSTS BY ACTION LEVEL

Table 2.16-2

Flood Protection Costs

Feature 16: US Highway 281 (South of US Highway 2)
Devils Lake Infrastructure Protection Study

R(1)A R(1)Re

R(2)A R(2)Re

R(3)A R(3)Re

R(4)A R(4)Re

R(5)

Action Raise at AL1; Temporary Raise at AL1; Relocate at |Raise at AL1,AL2; Temporary Closure | Raise at AL1,AL2; Relocate at | Raise at AL1, AL2, AL3; Temporary Raise at AL1, AL2, AL3; Raise at AL1, AL2, AL3, AL4; Raise at AL1, AL2, AL3, AL4; Raise at AL1, AL2, AL3, AL4,
Level Lake Elevation Temporary Closure at AL1 Relocate at AL1 Closure at AL2 AL2 at AL3 AL3 Closure at AL4 Relocate at AL4 Temporary Closure at AL5 Relocate at AL5 AL5
(MSL) (THOUSANDS)
AL1 1447 $0 $23,718 $3,829 $3,829 $3,829 $3,829 $3,829 $3,829 $3,829 $3,829 $3,829
AL2 1448 $0 $0 $0 $23,718 $37,471 $37471 $37,471 $37,471 $37,471 $37,471 $37,471
AL3 1453 $0 $0 $0 $0 $0 $23,718 $43,464 $43,464 $43,464 $43,464 $43,464
AL4 1458 $0 $0 $0 $0 $0 $0 $0 $23,718 $52,807 $52,807 $52,807
AL5 1463 $0 $0 $0 $0 $0 $0 $0 $0 $0 $23,718 $48,947
COST BREAKDOWN
Re
R(1)A
R(1)Re
R(2)A R(2)A
R(2)Re R(2)Re
R(3)A R(3)A R(3)A
R(3)Re R(3)Re R(3)Re
R(4)A R(4)A R(4)A R(4)A
R(4)Re R(4)Re R(4)Re R(4)Re
R(5) R(O) R(G) R(5) R(5)
Lake Elevation 1447 Lake Elevation 1448 Lake Elevation 1453 Lake Elevation 1458 Lake Elevation 1463
Strategy Description Quantity| Units Unit Value Description | Quantity| Units Unit Value Description Quantity | Units Unit Value Description Quantity | Units Unit Value Description Quantity | Units Unit Value
Incremental Raise Cost | (THOUSANDS) Cost (THOUSANDS) Cost (THOUSANDS) Cost (THOUSANDS) Cost | (THOUSANDS)
Road Raise US Highway 281 US Highway 281 US Highway 281 US Highway 281 US Highway 281
Fabric Liner 66,468 Sy $1.33 $88 Fabric Liner 782,877 Sy $1.33 $1,041 Fabric Liner 686,444 SY $1.33 $913 Fabric Liner 673,488 Sy $1.33 $896 Fabric Liner 525,595 Sy $1.33 $699
Aggregate Base 9,041 CcYy $21.20 $192 Aggregate Base 72,419 Ccy $21.20 $1,535 Aggregate Base 15,285 CcY $21.20 $324 Aggregate Bas¢ 3,488 CcY $21.20 $74 Aggregate Bast 0 CcY $21.20 $0
Fill 38,500 cYy $9.00 $347 Fill 1,294,000 CY $9.00 $11,646 Fill 2,891,193 cYy $9.00 $26,021 Fill 4,105,002 CcYy $9.00 $36,945 Fill 4,070,793 CY $9.00 $36,636
Riprap 44,479 CcYy $30.00 $1,334 Riprap 523887 CY $30.00 $15,717 Riprap 459,356 CcYy $30.00 $13,781 Riprap 450,686 CcYy $30.00 $13,521 Riprap 351,719 cYy $30.00 $10,552
Bituminous 16940 TON  $47.70 $808 Bituminous 135681 TON  $47.70 $6,472 Bituminous 28,637 TON $47.70 $1,366 Bituminous 6,534 TON $47.70 $312 Bituminous 0 TON $47.70 $0
Bridge Rebuild 2 EA  $530,000 $1,060 Bridge Rebuild 2 EA  $530,000 $1,060 Bridge Rebuild 2 EA $530,000 $1,060 Bridge Rebuild 2 EA $530,000 $1,060 Bridge Rebuild 2 EA  $530,000 $1,060
Total $3,829 Total $37,471 Total $43,464 Total $52,807 Total $48,947
Re
R(1)Re
R(2)Re
R(3)Re
R(4)Re
Relocation Reroute Path: BC 28, BC 25, US 2 Reroute Path: BC 28, BC 25, US 2 Reroute Path: BC 28, BC 25, US 2 Reroute Path: BC 28, BC 25, US 2 Reroute Path: BC 28, BC 25, US 2
Reroute Upgrade BC 28, BC 25 Upgrade BC 28, BC 25 Upgrade BC 28, BC 25 Upgrade BC 28, BC 25 Upgrade BC 28, BC 25
345 MILE _ $694,300 $23,718 345 MILE _ $694,300 $23,718 345 MILE _ $694,300 $23,718 345 MILE _ $694,300 $23,718 345 MILE _ $694,300 $23,718
Total $23,718 Total $23,718 Total $23,718 Total $23,718 Total $23,718
Notes:

1. AL = Decision/Action Level specified on decision tree.
2. Elevations for decision/action levels are shown at 1-foot increments, rounded down to the nearest foot.
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Table 2.16 - 3

Economic Analysis of Strategies for
Highway 281 South of US Highway 2
(Feature 16)

Stochastic Analysis (ST)

Mean Value over 10,000 Traces (Annual)
Strategy COSTS DAMAGES Total Benefits Net Benefits Benefit- Cost Ratio
Raise Relocation Total Restoration Detour Relocation Detour Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation |Description A B C=A+B D E F G=D+E+F H=G(A)-G(S)* I=H-C I=H/C
A Temporary Closure During Floods at First Action Level $0 $0 $0 $226,900| $2,386,000 $0 $2,612,800 $0 $0 -
Re Relocation of Road at First Action Level $0 $1,484,000( $1,484,000 $0 $0 $1,569,300 $1,569,300 $1,043,400 -$440,500) 0.70
R(DA 1 Road Raise: Then Temporary Closure During Floods $239,600 $0 $239,600 $186,400| $1,610,500 $0 $1,797,000 $815,800 $576,300 3.40
R(2)A 2 Road Raises: Then Temporary Closure During Floods $1,879,500 $0 $1,879,500 $90,500 $350,200 $0 $440,700 $2,172,100 $292,500 1.16
R(3)A 3 Road Raises: Then Temporary Closure During Floods $2,245,200 $0[ $2,245,200 $39,300 $93,900 $0 $133,300 $2,479,500 $234,200 1.10
R(4)A 4 Road Raises: Then Temporary Closure During Floods $2,401,300 $0 $2,401,300 $300 $2,700 $0 $3,000 $2,609,800 $208,500 1.09
R(1)Re 1 Road Raise: Then Relocate $239,600 $1,038,000 $1,277,600 $0 $0 $1,087,900 $1,087,900] $1,524,900 $247,300 1.19
R(2)Re 2 Road Raises: Then Relocate $1,879,500 $199,600| $2,079,100 $0 $0 $199,200 $199,200 $2,413,700 $334,500 1.16]
R(3)Re 3 Road Raises: Then Relocate $2,245,200 $70,100[ $2,315,400) $0 $0 $68,900 $68,900 $2,543,900 $228,500 1.10
R(4)Re 4 Road Raises: Then Relocate $2,401,300 $5,700 $2,407,100| $0 $0 $5,600 $5,600) $2,607,200 $200,100 1.08]
R(5) 5 Road Raises $2,413,200 $0||  $2,413,200| $0 $0 $0 $0 $2,612,800 $199,600 1.08]
Wet Future Scenario (WF)
(Annual)
Strategy COSTS DAMAGES Total Benefits Net Benefits Benefit- Cost Ratio
Raise Relocation Total Restoration Detour Relocation Detour Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation |Description A B C=A+B D E F G=D+E+F H=G(A)-G(S)* I=H-C I=H/C
A Temporary Closure During Floods at First Action Level $0 $0 $0 $0| $5,214,000 $0 $5,214,000 $0 $0 -
Re Relocation of Road at First Action Level $0 $1,489,200| $1,489,200 $0 $0 $1,575,000 $1,575,000] $3,639,000 $2,149,800 2.44
R(1)A 1 Road Raise: Then Temporary Closure During Floods $240,400 $0 $240,400 $0| $4,886,600 $0 $4,886,600 $327,400 $87,000 1.36
R(2)A 2 Road Raises: Then Temporary Closure During Floods $2,452,100 $0 $2,452,100 $225,300| $3,329,600 $0 $3,554,900 $1,659,100 -$793,000 0.68|
R(3)A 3 Road Raises: Then Temporary Closure During Floods $4,335,500 $0[ $4,335,500 $234,800| $1,672,600 $0 $1,907,400 $3,306,700) -$1,028,900 0.76
R(4)A 4 Road Raises: Then Temporary Closure During Floods $6,015,600 $0 $6,015,600 $0 $0 $0 $0 $5,214,000 -$801,600 0.87|
R(1)Re 1 Road Raise: Then Relocate $240,400 $1,399,900( $1,640,300 $0 $0 $1,476,100 $1,476,100 $3,737,900 $2,097,600 2.28
R(2)Re 2 Road Raises: Then Relocate $2,452,100 $1,027,800| $3,479,900 $0 $0 $1,063,700 $1,063,700]| $4,150,200 $670,400 1.19
R(3)Re 3 Road Raises: Then Relocate $4,335,500 $754,600| $5,090,100 $0 $0 $761,100 $761,100 $4,453,000 -$637,200) 0.87
R(4)Re 4 Road Raises: Then Relocate $6,015,600 $0[| $6,015,600 $0 $0 $0 $0, $5,214,000 -$801,600) 0.87|
R(5) 5 Road Raises $6,015,600 $0[|  $6,015,600 $0 $0 $0 $0) $5,214,000 -$801,600) 0.87|
Moderate Future 1 Scenario (M1)
(Annual)
Strategy COSTS DAMAGES Total Benefits Net Benefits Benefit- Cost Ratio
Raise Relocation Total Restoration Detour Relocation Detour Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation |Description A B C=A+B D E F G=D+E+F H=G(A)-G(S)* I=H-C I=H/C
A Temporary Closure During Floods at First Action Level $0 $0 $0 $450,200| $2,119,500 $0 $2,569,700 $0 $0 -
Re Relocation of Road at First Action Level $0 $1,489,200( $1,489,200 $0 $0 $1,575,000 $1,575,000 $994,700 -$494,400| 0.67
R(DA 1 Road Raise: Then Temporary Closure During Floods $240,400 $0 $240,400 $76,900 $414,000 $0 $490,900 $2,078,700 $1,838,400 8.65|
R(2)A 2 Road Raises: Then Temporary Closure During Floods $1,294,000 $0[ $1,294,000 $0 $0 $0 $0 $2,569,700 $1,275,700 1.99
R(3)A 3 Road Raises: Then Temporary Closure During Floods $1,294,000 $0(  $1,294,000 $0 $0 $0 $0 $2,569,700 $1,275,700 1.99
R(4)A 4 Road Raises: Then Temporary Closure During Floods $1,294,000 $0[ $1,294,000 $0 $0 $0 $0 $2,569,700 $1,275,700) 1.99
R(1)Re 1 Road Raise: Then Relocate $240,400 $666,800 $907,300 $0 $0 $663,800 $663,800 $1,905,900 $998,600 2.10
R(2)Re 2 Road Raises: Then Relocate $1,294,000 $0| $1,294,000| $0 $0 $0 $0 $2,569,700) $1,275,700 1.99]
R(3)Re 3 Road Raises: Then Relocate $1,294,000 $0[|  $1,294,000 $0 $0 $0 $0, $2,569,700 $1,275,700 1.99
R(4)Re 4 Road Raises: Then Relocate $1,294,000 $0| $1,294,000| $0 $0 $0 $0 $2,569,700) $1,275,700 1.99]
R(5) 5 Road Raises $1,294,000 $0||  $1,294,000| $0 $0 $0 $0 $2,569,700) $1,275,700 1.99]
Moderate Future 2 Scenario (M2)
(Annual)
Strategy COSTS DAMAGES Total Benefits Net Benefits Benefit- Cost Ratio
Raise Relocation Total Restoration Detour Relocation Detour Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation |Description A B C=A+B D E F G=D+E+F H=G(A)-G(S)* I=H-C I=H/C
A Temporary Closure During Floods at First Action Level $0 $0 $0 $173,200| $4,494,500 $0 $4,667,700 $0 $0 -
Re Relocation of Road at First Action Level $0 $1,489,200( $1,489,200 $0 $0 $1,575,000 $1,575,000 $3,092,700 $1,603,500 2.08
R(DA 1 Road Raise: Then Temporary Closure During Floods $240,400 $0 $240,400 $350,900| $3,442,300 $0 $3,793,300 $874,500 $634,100 3.64
R(2)A 2 Road Raises: Then Temporary Closure During Floods $2,452,100 $0 $2,452,100 $321,300 $806,100 $0 $1,127,500 $3,540,200 $1,088,100 1.44
R(3)A 3 Road Raises: Then Temporary Closure During Floods $3,752,000 $0[ $3,752,000 $0 $0 $0 $0 $4,667,700 $915,700 1.24
R(4)A 4 Road Raises: Then Temporary Closure During Floods $3,752,000 $0f $3,752,000 $0 $0 $0 $0 $4,667,700) $915,700 1.24
R(1)Re 1 Road Raise: Then Relocate $240,400 $1,399,900| $1,640,300 $0 $0 $1,476,100 $1,476,100| $3,191,600 $1,551,300 1.95
R(2)Re 2 Road Raises: Then Relocate $2,452,100 $709,400| $3,161,500 $0 $0 $710,900 $710,900 $3,956,800 $795,300 1.25]
R(3)Re 3 Road Raises: Then Relocate $3,752,000 $0[|  $3,752,000 $0 $0 $0 $0, $4,667,700 $915,700 1.24
R(4)Re 4 Road Raises: Then Relocate $3,752,000 $0| $3,752,000| $0 $0 $0 $0 $4,667,700) $915,700 1.24]
R(5) 5 Road Raises $3,752,000 $0||  $3,752,000| $0 $0 $0 $0 $4,667,700) $915,700 1.24]

All dollar values are present worth values annualized over a 50-year period at an interest rate of 6.375% and rounded to the nearest $100.
* Total benefits are calculated as the total damages incurred for "temporary closure strategy" minus the total damages for the strategy implemented (G(S) ).
The "No Protection" strategy for roads has been defined as temporary closure during floods at the first action level with restoration when the lake recedes.

The top action level (1463) is never reached in the 10,000 traces, rendering some of the costs and damages equal between different strategies.
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Attachment to 2.16:

US Highway 281 (South of US Highway 2) Economic Analysis
Assumptions

No feature-specific assumptions were made for Feature 16.

A.

1.

General Assumptions

Decisions were assumed to occur when the lake level is within (or predicted by the National Weather
Service to be within) 1 foot of the lowest road elevation. This assumption is consistent with curent
practices in the area as dictated by funding agencies. In the past, funding for road raiseshasnot been
available until the National Weather Service predicts on February 15th that the road will go under
water during that year.

If the road includes a bridge having a low chord elevation below the lowest road elevation, it was
assumed that no decision would occur until the lake level was within 1 foot of the lowest road
elevation. T his assumption follows current practices in the area.

Road Raises

Road raise costs were calculated in the manner presented in a previous study (Devils Lake Flood
Control: Economics Database Update: Transportation Report, Barr Engineering Company, January
1998). Unit costs for construction materials were updated for inflation by multiplying them by the
ENR Construction Cost Index of 1.06. This accounts for 6% inflation during the periodfrom 1998 to
February 2001. Additionally the cost of riprap and fill were increased from $20 to $30and$4.50to
$9.00, respectively. Based on conversations with the NDDOT, railroad companies, andthe Corpsof
Engineers the new costs for riprap and fill are more representative of the costs in the area.

The last road raise was assumed to be to elevation 1468. At this elevation, roads would be 5 feet
above the assumed maximum lake level (elevation 1463).

The final incremental road raise (to elevation 1468) was assumed to be no more than 8 feet andno
less than 4 feet.

Temporary Road Closure During Hoods

It was assumed that if a road was temporarily closed, it would be restored after the lake level has
receded 1 foot below the top of road. All of the road features in this study are highly traveled Itis
very likely that people would want to use these roads again if the lake level receded after flooding,
assuming that communities, businesses, farmsteads, and residents continue to generate the same level
of traffic as at present.
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2. Restoration damages were calculated in the manner presented in Devils Lake Flood Control:
Economics Database Update: Transportation Report, Barr Engineering Company, January 1998.
Unit costs for construction materials were updated for inflation by multiplying them by the ENR
Construction Cost Index of 1.06. T his accounts for 6% inflation during the period from 1998 to
February 2001.

3. Detour damages were included for every year that a road is temporarily closed, as well as for the first
year that the lake has receded. It was assumed that during the first year after the lake hasrececkd, the
road would be under restoration. During this first year, there would be both a detour damage and
restoration damage. After this first year, there would be no further detour or restoration damages
unless the lake rises to within 1 foot of the road again.

4. Restoration of a road would only occur after the lake has receded to 1 foot below the lones elevation
in that road. This was based on the assumption that restoration would only occur when there isno
water on any part of the road and there would be only minor potential for wave action damage on the
road.

5. Detour damages were calculated using a cost of $7 per hour of additional travel time, 1.5 people per
vehicle, and $0.32 per mile for additional travel distance (Corps of Engineers, March, 2001).
Additional time and miles traveled were taken from the results of the QRS Il model used in Devils
Lake Flood Control: Economics Database Update: Transportation Report, Barr Engineering
Company, January 1998. The QRS II model determines the overall effect of a closed road on an
entire network of traffic, incorporating the fact that traffic consists of trips having different origins
and destinations.

6. Detour paths were determined assuming that all other featured roads would be open. No effort wes
made to link detour routes with lake level.

7. Two features can have mutually interdependent detour routes if they are the most reasonable detours.
In these cases, it was assumed that either the analyzed feature or the other feature would be raisedor
rerouted. In these cases, the interdependency was noted.

D. Road Reroutes

1. It was assumed that if a road was permanently rerouted, the old route for that road would never be
restored. Rerouting a road is an expensive option, so it was assumed that once this investmentwas
made, the old road would not be considered usable. However, detour damages (reflecting the longer
distance on the new alignment) will continue to be incurred for every year that the reroutedroadisin
use. This detour damage is estimated with same model output from the QRS Il model described in
the assumptions regarding temporary closure during flooding.
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2. It was assumed that the rerouted path for any feature would be upgraded to the same level (roadwicth
and speed limit) as the existing feature.

3. Road reroutes do not necessarily have to be onto roads that are currently at or above the maximum
elevation 1468. If there is a logical reroute path that would require a minor road lift (<10 feet), this
reroute path could still be acceptable.

4. The only features that have reroute strategies are Highway 281 north of US Highway 2, and
Highway 281 south of US Highway 2. All other strategies either have no logical reroute or have
routes that would require more than 10-foot raises.
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2.17 Summary of Economic Analysis Investigation for Feature 17:
US Highway 281 (North of US Highway 2)

2.17.0 Flood Protection Strategy

The flood protection strategies that were analyzed in the Economic Analysis of Devils Lake
Alternatives for US Highway 281 (North of US Highway 2) were relocation and incremental road
raises.

2.17.1 General Information

Feature Type: Road

Location: Feature 17 is the portion of US Highway 281 that is north of US Highway 2, located
in Towner County and along the borders of Ramsey and Benson Counties. It extends 16.5 miles
from its intersection with US Highway 2 near Churchs Ferry at the south to Cando at the north.
Feature 17 passes through the Townships of Olson, Cando, Atkins, Maza, Irvine, Chain Lakes,
Normania, and Coulee. The accompanying Figure 2.17-1 shows the feature’s location and
approximate extents, and the inundation extents at the three reference lake levels (1447, 1454,
and 1463).

Description: US Highway 281 (North of US Highway 2) is a two-lane bituminous National
Highway. The entire highway route spans the United States from Canada to Texas. It is
classified as a principal arterial highway and National Highway System route.

Significance: This portion of US Highway 281 is important because it is a major traffic route in
the area, including the main route between Cando and Churchs Ferry. It is vital to serving local
transportation, agricultural needs, and moving products through the area.

Damages: The flooding of Feature 17 would result in the following damages:

»  Detour damages resulting from the added travel time and miles traveled when US Highway
281 (North of US Highway 2) is closed and traffic is detoured.

» Restoration damages resulting from repairs that would be necessary to bring the highway
back to a useable condition after a period of inundation.

Owner/Sponsor: The North Dakota Department of Transportation is responsible for managing
and maintaining US Highway 281 (North of US Highway 2).

Lead Federal Agency: The Federal Highway Administration would take the lead for US
Highway 281 (North of US Highway 2) for any flood protection work that may take place.
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