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BATTLE CREEK BASIN PLAN 

BATTLE CREEK BASIN DESCRIPTION 
General Overview 

Battle Creek Basin is the primary drainage area in the City of Salem south of Kuebler 
Boulevard. For the purposes of the Battle Creek Basin Plan, the downstream limit of Battle 
Creek Basin is the Interstate 5 (I-5) crossing of Battle Creek, which coincides with the City 
of Salem Urban Growth Boundary (UGB). The City of Salem UGB encompasses approxi-
mately half of the total Battle Creek drainage area. Downstream of I-5, Battle Creek con-
tinues for another 3.5 miles before its confluence with McKinney Creek, which enters Mill 
Creek approximately 0.8 miles further downstream. The portion of Battle Creek Basin 
located upstream of I-5 has a drainage area of 10.1 square miles. The minimum and max-
imum basin elevations are 383 feet and 1,070 feet, respectively. The mean elevation for 
the basin is 616 feet. Unless otherwise stated, all elevations are in the National Geodetic 
Vertical Datum of 1929 (NGVD 29). 

The largest tributary to Battle Creek is Waln Creek, which has a drainage area of 4.4 square 
miles, most of which is developed single family residential. Smaller tributaries include 
Scotch Creek, Powell Creek, Jory Creek, and Champion Swale. Generally, the Battle Creek 
Basin is narrow with steep side slopes. However, at the confluence of Waln Creek and Bat-
tle Creek, the basin and channel slopes become milder and the active floodplain becomes 
significantly larger. 

In general, land use for most of the developed areas within the city limits is medium to 
low density residential. Land uses in the higher elevation portions of the basin, located 
outside of the city limits, are generally cropland and forest. Figure 1 shows the extents of 
the Battle Creek Basin and the channel network. 

Areas of Concern 

There are several areas of concern within the Battle Creek Basin that have a history of 
flooding during large rainfall events. The most recent major flood events occurred in Jan-
uary 2012 and February 1996. During the January 2012 storm event, photos were taken 
by the City of Salem to document the observed flooding (see Appendix A). Following the 
February 1996 event, the approximate observed flood extents were mapped by the City. 
The 1996 flood inundation extents and the 2012 observed flooding locations are shown in 
Figure 2. 

Along Battle Creek, the majority of flood-prone areas are located near its confluence with 
Waln Creek. These areas include the Greenside Village Condominiums located north of 
Battle Creek Elementary School, single family homes located west of Battle Creek Elemen-
tary School along 13th Street and Packwood Court, and the Battle Creek Woods Townho-
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Figure 1–Battle Creek Basin and channel network. 



mes located near the Fairway Avenue crossing of Battle Creek. 

Along Waln Creek, the flood-prone area is generally located between Woodside Drive and 
Madras Avenue. Along Powell Creek, flooding has occurred at 13th Street. According to 
discussions with local residents, the flooding in 2012 was likely caused by debris blockage 
of culverts. 

Findings of 2000 Stormwater Master Plan 

In the Stormwater Master Plan (SWMP) and Drainage System Improvement Plan (DSIP) 
developed for the City of Salem by Montgomery Watson (City of Salem 2000a, City of 
Salem 2000b), the Battle Creek Basin was modeled using a planning-level XP-SWMM 
model, which provided coupled hydrologic and hydraulic modeling of the watershed and 
stormwater system. In that efort, the Battle Creek Basin was divided into 82 subbasins. 
The primary purpose of the model was to detect areas within the storm sewer network 
that were at risk of surcharge during the 10-year 24-hour SCS Type-1A rainfall event. Mod-
els were developed for existing and full build-out conditions. 

The findings of the 2000 DSIP included 22 recommended Capital Improvement Projects 
(CIPs) within the Battle Creek Basin. The recommendations included bridge and culvert 
replacements, capacity-increasing and erosion-preventing projects in waterways and 
ditches, restoration eforts primarily aimed a stabilizing waterway banks by using mostly 
natural materials, and construction of detention facilities. The total cost for the recom-
mended CIPs was $15,798,089 in 2000 dollars (approximately $25,593,000 in 2017 dollars). 

BATTLE CREEK BASIN MODEL 
Model Selection Process 

The 2000 SWMP XP-SWMM model was used to develop a planning-level model of Battle 
Creek Basin. However, the planning-level model lacks the detail needed to accurately 
model natural channels, hydraulic structures, complex 2-dimensional (2-D) flow, and 
overflow routing during high flow conditions. Since the Battle Creek Basin stormwater 
drainage system includes open channel conveyances (both natural channels and ditches), 
closed conduit stormwater systems (pipes and manholes), bridges and culverts, deten-
tion facilities, and complex two-dimensional flow conditions near the confluence of Waln 
Creek and Battle Creek, XP Solutions’ XP-STORM with XP2D was selected as the most 
appropriate model. A detailed description of the model selection process is presented in 
the City of Salem Stormwater Master Plan (SWMP) (See Appendix F of the SWMP). 

Model Development 

The XP-STORM model development process for the Battle Creek Basin is divided into 
two components: runof and hydraulics. The runof component simulates the hydrologic 
processes in the watershed, including precipitation, hydrologic abstractions, hydrologic 
routing, and watershed storage. The hydraulics component simulates the conveyance and 
storage for channels, floodplains, weirs, bridges, culverts, pipes, and detention facilities. 
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Runof Component Development 

The development of the runof component of the XP-SWMM model included: 

• Subbasin delineations 

• Watershed characteristics pre-processing 

• Rainfall data collection and processing 

• Design storm development 

The following is a summary of each of the runof model development components. 

Subbasin Delineations 

Since the development of the 2000 SWMP, high density topographic data for the Battle 
Creek Basin have become available from the Oregon LiDAR Consortium (Watershed 
Concepts 2009). This topographic data, along with updated storm sewer, land use, 
and 2-foot contour mapping provided by the City of Salem was used to update and 
revise the subbasin boundaries from the 2000 SWMP. Subbasins were divided along 
ridges according the high density LiDAR and 2-foot contour intervals while generally 
maintaining a minimum subbasin outlet pipe size of 15-24 inches. Subbasins were also 
delineated based on the locations of recognized flood water storage areas, stream 
confluences, clear distinctions in land use, and major bridges and culverts. 

Eighty-eight (88) subbasins were defined within the Battle Creek Basin upstream of 
I-5. Figure 3 shows the resultant subbasins delineations within the Battle Creek Basin 
upstream of I-5. An additional ten (10) subbasins were defined between I-5 and the 
confluence of McKinney Creek with Mill Creek. These additional 10 subbasins were 
used to develop the outfall conditions of the Battle Creek Model and to help evaluate 
potential impacts to the City of Turner as a result of watershed development within 
the City of Salem UGB and flood risk reduction alternatives. Since these subbasins are 
rural and relatively sparsely developed, their delineations were less detailed and cover 
larger areas than the subbasins located upstream of I-5. The model extents, including 
the subbasins downstream of I-5, are shown in Figure 4. 

Watershed Characteristics Pre-Processing 

XP-STORM ofers multiple runof methods to simulate watershed hydrology, including 
the SCS Curve Number Method, the Rational Method, and the SWMM RUNOFF Method. 
The SWMM RUNOFF method was selected due to its ability to continuously simulate 
non-linear soil infiltration rates via the Horton Infiltration Method. 

The pre-calibration watershed characteristics needed for the SWMM RUNOFF method 
were developed for each of the subbasins using the most current land cover, soil type, 
elevation, and impervious surface area coverage data that was either publicly avail-
able or provided by the City of Salem. Detailed descriptions for each of the watershed 
parameters used in the SWMM RUNOFF method and the processes used to develop the 
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Figure 2–Approximate 1996 flood inundation extents and observed January 2012 flooding locations. 
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Figure 3–Battle Creek Subbasin boundaries. 
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Figure 4–Battle Creek Basin model extents. 



parameters are presented in Appendix D. A map of the Battle Creek Basin land cover 
classifications, which was developed from City’s impervious surface data and 2011 
National Land Cover Data (NRCD) is shown in Figure 5. A map of the hydrologic soil 
group classification for the Battle Creek Basin is shown in Figure 6. Table 1 lists the 
Battle Creek subbasin name, drainage area, existing impervious surface percentage, 
full build-out impervious surface percentage, percent water cover, and average water-
shed slope. 

Rainfall Data Collection and Processing 

Historic rainfall data are available for several gauges in and near the Battle Creek 
Basin, including gauges: RG8, RG10, RG11, and McNary Field. The RG8, RG10, and RG11 
gauges are operated by the City of Salem and have been collecting data since the late 
1990’s. McNary Field is operated by the National Oceanic and Atmospheric Administra-
tion (NOAA) and has been collecting data since 1948. Gauges were assigned to individ-
ual subbasins within the model based on their proximity to the centroid of the subba-
sin. Detailed descriptions of each gauge, its location, period of record, and subbasin 
assignments are provided in Appendix B. 

Subbasin 
Name Area (Acres) 

Existing Directly 
Connected 

Impervious (%) 

Full Build-out 
Directly Connected 

Impervious (%) 

Average 
Slope (%) 

Water 
Coverage (%) 

BA-BC-005 95.0 31.2 36.2 10.3 4.0 
BA-BC-007 30.7 37.6 44.6 5.6 5.2 
BA-BC-009 43.5 11.8 11.9 3.0 1.2 
BA-BC-011 49.9 18 18 3.1 0.8 
BA-BC-015 40.1 36.4 36.4 7.7 0.0 
BA-BC-018 44.6 15.5 43.2 9.6 0.0 
BA-BC-025 49.6 11.7 50.3 12.2 17.9 

BA-BC-028-1 102.5 6.8 46.8 17.9 0.0 
BA-BC-028-2 57.7 3.9 47 16.9 29.2 

BA-BC-033 147.7 1.7 7.4 15.7 0.0 
BA-BC-042 63.8 6.2 6.2 16.4 0.0 
BA-BC-044 204.8 5.2 5.2 13.4 0.0 
BA-BC-049 197.0 0.9 0.9 14.3 0.0 
BA-BC-062 42.8 18.6 37.8 8.0 0.0 
BA-BC-069 70.0 4.4 48.2 10.6 0.0 
BA-BC-071 73.7 40.1 46.2 10.2 0.0 
BA-BC-205 54.4 32.7 36.4 7.2 0.0 
BA-BC-206 34.0 33.6 33.6 6.8 0.0 
BA-BC-216 33.3 19.4 38.4 14.7 0.0 
BA-BC-217 12.7 0.6 49.1 11.2 0.0 
BA-BC-225 56.0 36.7 40.0 15.6 0.0 
BA-BC-251 134.8 1.2 1.9 12.4 0.0 

Battle Creek Basin Plan |  (September 2019)
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Subbasin 
Name Area (Acres) 

Existing Directly 
Connected 

Impervious (%) 

Full Build-out 
Directly Connected 

Impervious (%) 

Average 
Slope (%) 

Water 
Coverage (%) 

BA-BC-295 35.5 8.6 50.5 23.5 0.0 
BA-BC-299 81.1 0.0 0.0 3.5 0.0 
BA-BC-300 893.3 0.5 0.5 23.5 0.0 
BA-BC-303 971.8 3.0 3.0 12.1 0.0 
BA-BC-324 596.2 5.5 5.5 12.6 0.0 
BA-CC-287 21.9 28.9 35.7 9.1 1.5 
BA-CC-291 130.2 18.2 38.2 13.6 0.0 
BA-CC-292 25.2 7.9 32.3 14.5 6.3 
BA-CS-255 26.0 2.9 2.9 9.1 0.0 
BA-JC-226 129.4 12.9 26.9 14.2 0.0 
BA-JC-228 351.0 1.6 9.1 9.7 0.0 

BA-MC-326 1111.4 1.0 1.0 4.2 0.0 
BA-MC-330C 635.0 0.2 0.2 12.6 0.0 

BA-MC-331 1850.8 1.3 1.3 8.4 0.0 
BA-MC-333 1319.9 0.8 0.8 12.7 0.0 
BA-MC-334 2031.6 2.8 2.8 14.1 0.0 
BA-MC-336 2366.1 0.8 0.8 12.7 0.0 
BA-NF-051 141.5 0.9 0.9 13.2 0.0 
BA-NF-053 131.9 0.7 0.7 15.1 0.0 
BA-NF-055 335.4 0.9 0.9 14.8 0.0 
BA-NF-057 215.2 0.8 0.8 16.3 0.0 
BA-NF-058 183.7 1.5 1.5 13.9 0.0 
BA-PC-260 20.1 33.7 33.7 5.6 0.0 
BA-PC-261 18.7 31.6 31.6 4.9 0.0 
BA-PC-267 119.1 4.7 48.9 15.1 0.0 
BA-PC-271 180.5 1.7 1.7 9.2 0.0 
BA-PC-273 61.4 8.5 41.2 18.4 0.0 
BA-RS-232 77.0 6.5 6.5 11.1 0.0 
BA-RS-238 133.5 2.8 2.8 10.8 0.0 
BA-SC-281 96.3 13.6 23.7 12.3 0.0 
BA-SC-286 197.3 7.7 12.8 13.4 0.0 

BA-SC-297C 17.6 32.4 32.4 6.3 0.0 
BA-SF-240 119.9 1.5 1.5 12.7 0.0 
BA-SF-242 180.7 1.4 1.4 14.0 0.0 
BA-SF-248 252.5 2.6 2.6 15.8 0.0 
BA-SF-249 146.3 0.7 0.7 14.6 0.0 

BA-WC-073 17.2 8.3 57.5 3.1 0.0 
BA-WC-074 9.6 40.1 40.1 11.4 0.0 
BA-WC-075 12.7 38.7 38.7 7.0 0.0 
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Figure 5–Battle Creek Basin and cover categories. 
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Figure 6–NRCS 2014 hydrologic soil groups for the Battle Creek Basin. 



Subbasin 
Name Area (Acres) 

Existing Directly 
Connected 

Impervious (%) 

Full Build-out 
Directly Connected 

Impervious (%) 

Average 
Slope (%) 

Water 
Coverage (%) 

BA-WC-079 22.0 57.7 71.3 4.1 0.0 
BA-WC-080N 17.6 39.2 39.2 12.8 0.0 

BA-WC-083 19.3 36.7 40.3 7.7 0.0 
BA-WC-085 17.3 25.4 35.4 3.6 0.0 
BA-WC-086 48.2 33.4 35.2 4.8 0.0 
BA-WC-090 94.0 28.3 35.7 11.5 0.0 
BA-WC-092 32.6 28.9 28.9 5.2 0.0 
BA-WC-095 39.1 30.6 30.6 10.3 0.0 
BA-WC-100 117.3 19.2 44.3 12.2 0.0 
BA-WC-110 59.8 27.6 38.5 12.1 0.0 
BA-WC-116 28.6 35.5 37.7 9.9 0.0 
BA-WC-117 11.1 22.9 52.8 15.4 0.0 
BA-WC-120 48.5 24.0 26.9 5.2 0.0 
BA-WC-131 137.0 29.4 38.2 9.4 0.0 
BA-WC-132 35.4 12.5 43.6 13.2 0.0 
BA-WC-133 6.5 56.5 56.5 4.2 0.0 
BA-WC-136 19.4 38.7 62 10.7 0.0 
BA-WC-138 10.2 37.5 70.7 8.0 0.0 
BA-WC-141 31.7 35.2 67.8 7.0 0.0 
BA-WC-146 21.2 25.8 39.3 5.7 0.0 
BA-WC-152 38.5 38.7 56.8 9.2 0.0 
BA-WC-154 39.8 45 49.8 6.7 0.0 
BA-WC-155 92.9 49.8 49.8 4.2 0.0 
BA-WC-161 38.6 37.7 37.7 8.7 0.0 
BA-WC-162 37.7 33.3 33.3 4.9 0.0 
BA-WC-169 29.8 38.1 38.1 9.2 0.0 
BA-WC-173 31.1 35.5 35.5 12.0 0.0 
BA-WC-174 15.3 33.2 33.2 7.8 0.0 
BA-WC-177 37.2 34.7 34.7 9.9 0.0 
BA-WC-181 23.9 17.2 60.6 15.4 0.0 
BA-WC-183 82.1 12.6 41.5 11.2 0.0 
BA-WC-186 54.5 17.1 45.0 12.7 0.0 
BA-WC-194 22.3 44.4 44.4 10.1 0.0 
BA-WC-196 50.2 29.7 41.0 12.9 0.0 
BA-WC-199 34.4 33.4 39.7 6.9 0.0 
BA-WC-200 9.1 62.7 68.7 5.2 0.0 
BA-WC-295 6.4 45.2 45.2 14.5 0.0 

Table 1–Battle Creek Basin watershed characteristics. 
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Design Storm Development 

While the City of Salem Design Standards recommends the 24-hour SCS Type-1A storm 
distribution (City of Salem 2014), preliminary model results suggested that this distri-
bution was inadequate for a basin wide model. Therefore, an evaluation of available 
rainfall data was conducted to determine the most appropriate design storms for use 
in the City of Salem SWMP Update (See Appendix B). As a result of the evaluation, the 
following recommendations were made: 

• The 100-year, 48-hour design storm should be used for evaluation of the flood risk 
within the Battle Creek basin. 

• Both the 48-hour and 72-hour design storms should be used for evaluating the 
performance of the existing drainage system under existing and full build-out con-
ditions. 

• As part of the basin planning process, the 48-hour design storm should be used 
for evaluation of new and/or retrofit facilities or other best management practices 
that do not involve significant changes in flood storage. Both the 48-hour and 
72-hour design storms should be used for evaluation of flood storage facilities. 

Hydraulics Component Development 

The development of the Hydraulic component of the XP-SWMM model included: 

• Data Collection and GIS Database Compilation 

• Link Modeling Methods 

• Node Modeling Methods 

• Two-Dimensional Modeling 

• Outfall Conditions 

A detailed description of the hydraulic modeling methods used for developing the Battle 
Creek Basin model is presented in the City of Salem Stormwater Master Plan (SWMP) (See 
Appendix F of the SWMP). 

A detailed description of the model selection process follows. 

Data Collection and GIS Database Compilation 

Much of the required pipe and culvert data was available either in the City’s Hanson 
asset management database, the City’s storm sewer GIS data, or as-built drawings. 
However, site visits were required for some areas to verify and collect data for portions 
of the Battle Creek Basin drainage network, especially upstream of Lone Oak Road 
and downstream of I-5. A large portion of Battle Creek, Waln Creek, Powell Creek, and 
Scotch Creek were contained in available HEC-RAS models, which provided necessary 
channel, bridge, and control structure data. Data had to be gathered through field 
work for bridges, control structures, and channels not contained in the HEC-RAS mod-



els. Elevation data for areas located outside of the Urban Growth Boundary was devel-
oped from available LiDAR data. Dimensions of hydraulic structures located outside of 
the Urban Growth Boundary were either measured in the field with a tape measure or 
estimated. 

The overlap of recent development activities near the confluence of Waln Creek and 
Battle Creek and multiple calibration/validation events required model adjustments 
according to the date of the calibration event. This included the modification of 
bridges, channels, and culverts as wells as the underlying DTM used in the 2D model. 
Date specific modifications came from the Battle Creek Elementary and Waln Creek 
HEC-RAS models and as-built topographic data. The three modeling scenarios include 
the following: 

• Pre2012 – Before construction of Battle Creek Elementary, Waln Creek realignment, 
construction of Waln Drive, and Woodside Road culvert replacement. 

• 2012 – Afer grading of Battle Creek Elementary. Before Waln Creek realignment, 
construction of Waln Drive, and Woodside Road culvert replacement. 

• Existing (2015) - Afer construction of Battle Creek Elementary, Waln Creek realign-
ment, construction of Battle Creek Overflow Diversion Channel, construction of 
Waln Drive, and Woodside Road culvert replacement. 

Link and Node Modeling Methods 

Nodes in the Battle Creek Basin XP-STORM model represent manholes, junctions, con-
fluences, and storage areas. A description of the modeling methodologies and tech-
niques used when developing the nodes is provided in the City of Salem Stormwater 
Master Plan (SWMP) (See Appendix E of the SWMP). For the node-naming convention, 
the first two letters in the node name indicate the primary drainage basin the node is 
located in (e.g., BA for Battle Creek). The third and fourth letters refer to the subbasin 
in which the node is located (e.g., BC for Battle Creek and WC for Waln Creek). The last 
three numbers are a unique identifier of the node. For example, BA-WC-076 is node 
number 076 located in the Waln Creek (WC) subbasin within the Battle Creek Basin 
(BA). 

Links in the Battle Creek Basin XP-STORM model represent channels, pipes, bridges, 
culverts, and control structures. A description of the modeling methodologies and 
techniques used when developing the links is described in Appendix E of the SWMP. 
The link naming convention is based on the upstream node identifier, except it uses 
lower case lettering and no hyphen between the basin and creek identifiers. For exam-
ple, bawc-076 is link 076, located just downstream of node number 076, along Waln 
Creek, in the Battle Creek Basin. For overflow links, an “o” was placed at the end of 
the link name. Figure 7 shows the link and node network developed for the XP-STORM 
model. 

Two-Dimensional Modeling 
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The relatively flat area located upstream of Fairway Avenue contains the confluence of 
Battle Creek, Waln Creek, Powell Creek, and Scotch Creek. The complex flow interac-
tions between the creeks, the broad flood extents, and the historic flooding that has 
occurred between 13th Street and Battle Creek Elementary necessitated the use of the 
two-dimensional (2-D) modeling component of XP-STORM. A grid with 12 by 12 feet 
cells was developed for this area totaling approximately 30,000 cells. The extent of the 
2-D grid and the land cover types used to assign the 2-D overland roughness values is 
provided in Figure 8. 

Outfall Conditions 

Normal depth was used as the boundary condition at the model outfall based on the 
slope of the upstream link. For the purposes of the SWMP, the downstream extent of 
the Battle Creek Basin is I-5. However, the Battle Creek Basin model extended an addi-
tional 4.2 miles to the confluence with Mill Creek in order to understand how upstream 
basin modifications might influence peak flows near the City of Turner. As a result of 
this significant distance, the outfall conditions do not influence the model results for 
the area of interest located upstream of I-5. 

Quality Assurance Review 

Multiple reviews were conducted and documented as part of the Battle Creek Basin model 
development. QA/QC check sheets are provided in Appendix C. The existing conditions 
model has a hydraulic continuity of 1.7% and a runof continuity of 0.003%, both of which 
are less than the maximum error of +/- 2% that XP Sofware’s documentation recom-
mends (XP Solutions 2014). Localized instabilities in the stage and/or flow were fixed 
where needed. All water was captured in the link/node network. No water “smoke stacks” 
(exceeds the node spill elevation) or spills out of the system and the maximum water 
surface elevation that can be reached at each node without spilling or “smoke stacking” 
was documented in the node notes within XP-STORM,  as well as the “MAXWATER” field 
within the node’s GIS attribute table. Channel cross sections were checked for vertical 
wall extrapolation and modified where necessary to contain all of the flow in the channel. 
2-D Flow patterns and velocities were analyzed and checked for reasonableness. The final 
cumulative 2-D Mass Error was -0.04%, which is within XP Solutions documented accept-
able range of +/- 1%. 

Model Calibration/Verification 

Streamflow Data 

Streamflow data are available at two locations in the Battle Creek Basin. The most 
upstream gauge, BAT12, is located on Battle Creek just upstream of Lone Oak Road. The 
approximate elevation of the gauge is 437 feet. The contributing drainage area is 3.6 
square miles and is located entirely upstream of the City of Salem UGB. Land cover is 
generally forest and agricultural. Stage recordings are made in 15-minute intervals. The 
period of record for the gauge is from October 2008 to present. According to discussions 
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Figure 7–Battle Creek Basin XP-STORM link and node network. 
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Figure 8–Battle Creek Basin 2-D grid extents and land cover. 



with City staf, the gauge produced reliable data prior to the January 2012 flood. However, 
during the flood, significant erosion of the channel occurred which resulted in unreliable 
data for the flood event. Following the January 2012 flood event, the erosion was repaired 
and a new rating table was developed. 

The other Battle Creek gauge, BAT3, is located near the outlet of the Battle Creek Basin 
at the Commercial Street crossing of Battle Creek. It has a contributing drainage area of 
10 square miles, approximately half of which is located within the City of Salem UGB. The 
approximate elevation of the gauge is 378 feet. Stage recordings are made in 15-minute 
intervals. The period of record for the gauge is from October 2008 to present. According 
to discussions with City staf, prior to and during the January 2012 flood event, there 
was a significant amount of debris obstructing the downstream culvert and channel that 
likely increased backwater elevations, invalidating the stage-discharge rating table for 
the gauge for this flood event. Afer the 2012 flood event, the debris was cleared and the 
gauge rating table was checked and updated for reporting of subsequent flows. 

Storm Events 

The available streamflow and precipitation data were evaluated in order to select the 
most appropriate storm events for calibration and verification of the XP-STORM model. 
Because of the short period of record for the streamflow gauges, the choices for calibra-
tion and verification events were limited. The follow events were selected: 

January 2009 (Verification Event #1) 

The January 2009 storm produced 3.3 inches of rainfall over 30 hours. At the BAT3 
gauge, the recorded peak was 242 cubic feed per second (cfs) and at BAT12 it was 108 
cfs. For this event, the grading for Battle Creek Elementary School and the realignment 
of Waln Creek were not included in the 2-D grid. 

December 2010 (Calibration Event) 

The December 2010 storm produced 4.3 inches of rainfall over 4 days. At BAT3 gauge, 
the recorded peak was 261 cfs and at BAT12 it was 98 cfs. Since the stream gauges 
were unreliable during the 2012 event, this event was used for calibration. For this 
event, the grading for Battle Creek Elementary School and the realignment of Waln 
Creek were not included in the 2-D grid. 

January 2012 (Verification Event #2) 

The January 2012 storm produced 7.2 inches of rainfall over 72-hours. At the BAT3 
gauge, the recorded peak was 589 cfs and at BAT12 it was 329 cfs. While the magnitude 
of the storm would suggest it to be a primary candidate for model calibration, the 
washout of the channel at the BAT12 gauge and debris clogging downstream of the 
BAT3 introduced uncertainties in the streamflow data for this event. Therefore, this 
event was selected to be a secondary verification event. For this event, the grading for 
Battle Creek Elementary School was included but the Waln Creek realignment was not. 

According to City staf, data for RG11, the primary rain gauge for the BAT12 drainage 
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area, was not producing reliable readings for the first half of the January 2012 storm 
event due to snow accumulation on the gauge. For the duration in which the rain 
gauge data are considered to be in error, the rainfall data from RG8 were used. A multi-
plier of 1.1 was used to transfer the data from RG8 to RG11. The 10-percent increase is 
based on precipitation depth relationship for the two gauges over the period in which 
both gauges were functional. 

December 2015 (Verification Events #3 and #4) 

Subsequent to the initial model calibration and verification eforts that occurred in 
the summer of 2015, two additional relevant storm events occurred. The first occurred 
on December 7, 2015, and the second followed shortly thereafer on December 17-18, 
2015. The December 7 event produced 3.0 inches of rainfall over 23 hours. The Decem-
ber 17-18 event produced 3.5 inches of rainfall over 32 hours. 

It should be noted that, similar to January 2012, the stage readings for the BAT3 
gauge were afected by backwater from debris during both of the December storm 
events. City staf observed debris clogging the I-5 culvert inlet grate on December 7 
and observed a pile of debris adjacent to the culvert following the December 17-18 
event, presumably removed by ODOT crews. City staf also conducted a flow measure-
ment at the gauge during the December 7 event. The stage-discharge rating curve was 
adjusted to account for the additional backwater caused by the debris. This same cor-
rection was assumed to apply for the December 17-18 event; however, no flow mea-
surement was taken that could confirm that this same adjustment is appropriate. It is 
recommended that the City move the BAT3 gauge or install velocity measuring equip-
ment at the current gauge location that will help to compensate for debris related 
backwater conditions. 

As discussed above, there is uncertainty in the data used for model calibration and veri-
fication. In order to provide greater confidence in the model results, multiple large storm 
events with dependable streamflow measurements are needed. Because of the relatively 
short period of record for the streamflow gauges and the lack of reliable data for the Jan-
uary 2012 storm event, it is recommended that further calibration be conducted as addi-
tional precipitation and streamflow data for larger storm events become available. 

Procedures 

Initial parameter sensitivity testing indicated that runof volumes were most sensitive 
to the initial and critical infiltration rates and that the timing of the hydrograph peak 
was most sensitive to the subbasin width parameter. Calibration and verification of the 
Battle Creek Basin XP-STORM model was an iterative process. An initial calibration was 
performed and then tested with the verification events. Parameter adjustments were 
made and the model was rerun for the calibration event and then retested for the verifi-
cation events. This process was iteratively repeated until the modeled results satisfactory 
matched the streamflow observations during the calibration and verification events. 

To calibrate the volume, the critical and initial infiltration rates were adjusted in areas 
that were assigned as silty-clay-loam soils. As previously seen in Figure 6, silty-clay-loam 



  

soils are the dominate soil type in Battle Creek Basin. Initially, these areas were generally 
assigned critical infiltrations rates of 0.1 inch/hour based on their hydrologic soil classifi-
cation of “C” as suggested by Musgrave (1955). However, according to Akan (1993), silty-
clay-loam soils should have critical infiltration rates in the range of 0.00-0.05 inch/hour. 
When the critical infiltration rates within that range were used, the model’s volume results 
more closely matched the observations. 

The initial infiltration rates were reduced during calibration to represent near saturated 
conditions resulting in initial infiltration rates that have nearly the same value as the 
critical infiltration rate. This is considered appropriate since larger flood events in Salem 
generally occur during the colder and wetter winter months when soils are likely to have 
little time to dry out between storm events. 

The initial calibration model produced flashy hydrographs that did not mimic the shape 
of the hydrographs for the streamflow gauge data. The initial calibration hydrographs 
had much steeper rising and falling limbs and greater peak flows which suggested that 
the overland flow travel time to the channel was too quick. Overland flow roughness and 
channel roughness values had little influence on hydrograph shape. The parameter that 
had the greatest influence on the hydrograph shape was the subbasin width parameter, 
which was adjusted accordingly. This resulted in modeled and observed hydrographs that 
matched well for the calibration and verification events. 

Minimal data were available for the calibration of the Manning’s roughness values for the 
various stream channels. Stage data for the two streamflow gauges and flood photos for 
various locations in the Battle Creek Basin for the January 2012 storm event were avail-
able. Channel roughness values were modified accordingly to best match stage data and 
observed flooding. Observed versus modeled stage and discharge hydrograph plots for 
the BAT3 and BAT12 streamflow gauges are located in Appendix D. 

Existing Conditions Results 

Model results indicate that the 48-hour design storm generally produces conservatively 
higher peak flows and water surface elevations when compared with the 72-hour storm. 
The model parameters selected during calibration were used with the 10-, 25-, 50-, and 
100-year, 48-hour design storms to develop the peak discharges and water surface ele-
vations for the Battle Creek Basin. Table E.1 and Table E.2 in Appendix E show the peak 
discharges for each link and the maximum water surface elevations for each node located 
within the UGB for the 10-, 25-, 50-, and 100-year 48-hour and 72-hour design storms, 
respectively. 2-D model inundation extents within the Battle Creek - Waln Creek conflu-
ence area are shown in Figures E.1 to E.4 in Appendix E. Figures E.6 to E.8 in Appendix E 
categorize the hydraulic conditions at bridges, culverts, and manholes as below the pipe 
crown elevation, between pipe crown and ground/overflow elevation, or above ground/ 
overflow elevation. 

Full Build-Out Conditions 

Full build-out conditions for the Battle Creek Basin were estimated and modeled to assist 
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in the development of the basin plan. To develop the full build-out conditions model, the 
percent impervious values for the existing undeveloped areas, golf courses, and agricul-
tural areas within the UGB were modified according to the land use classifications pro-
vided in the July 2015 Salem Area Comprehensive Plan map. The Comprehensive Plan 
land use classifications were incorporated into the Battle Creek Basin land cover classifi-
cations using the category mapping shown in Table 2. The percent impervious for each of 
the subbasins was updated to reflect the full build-out land cover classification. A com-
parison of the existing condition and full build-out condition percent impervious for the 
primary subbasins is shown in Table 3. 

Comprehensive Plan Classification SWMP Model Land Cover 
Commercial Business District Developed, Commercial 
Commercial Developed, Commercial 
Community Service Developed, Medium Intensity 
Community Service Cemetery Developed, Open Space 
Community Service Education Developed, Medium Intensity 
Community Service Government Developed, Medium Intensity 
Community Service Hospital Developed, Medium Intensity 
Community Service Sewage Developed, Medium Intensity 
Developed, Medium Intensity Developed, Medium Intensity 
Employment Center Developed, Medium Intensity 
Farm Resource Management Cultivated Crops 
Industrial Commercial Developed, Industrial 
Developed, Medium High Intensity Developed, Medium High Intensity 
Mixed Use Developed, Commercial 
Developed, Open Space Developed, Open Space 
River-Oriented Mixed Use Developed, Commericial 
Single Family Residential Developed, Medium Intensity 

Table 2–Land cover classifications. 

Primary Subbasin Name Existing % 
Impervious 

Full Build-Out % 
Impervious 

Battle Creek (Upstream of Confluence Area) 4 9 
Battle Creek (Upstream of I-5) 13 21 
Jory Creek 5 14 
Powell Creek 7 25 
Scotch Creek 11 17 
Waln Creek 30 42 

Table 3–Existing and full build-out percent impervious area. 

Because requirements for detention and the implementation of green infrastructure will 
be specific to each future development and because the full-build out modeling is for 
planning purposes, it was assumed that the percentage of connected impervious surface 



  

for each land cover type would be similar to current conditions. 

Full build-out peak discharges for each link and maximum water surface elevations for 
each node located within the UGB for the 10-, 25-, 50-, and 100-year 48-hour and 72-hour 
design storms are provided in Table E.1 and Table E.2 in Appendix E, respectively. 2-D 
model inundation extents for the Battle Creek - Waln Creek confluence area are shown 
in Figures E.9 to E.12 in Appendix E. Figures E.13 to E.16 in Appendix E categorize the 
full build-out hydraulic conditions at bridges, culverts, and manholes as below the pipe 
crown elevation, between the pipe crown and the ground/overflow elevation, or above 
the ground/overflow elevation. 

In general, the 100-year, 48-hour design storm peak discharge for Battle Creek is expected 
to increase by 123 cfs or approximately 16% at the I-5 culvert. Downstream of Creekside 
Golf Course, the 100-year, 48-hour design storm peak discharge for Battle Creek is 
expected to increase by 67 cfs or approximately 19%. Although the Waln Creek drainage 
basin is already mostly developed, the 100-year, 48-hour design storm peak discharge is 
expected to increase by about 44 cfs or approximately 14% at its confluence with Battle 
Creek. Given the significantly large amount of undeveloped areas remaining within the 
Battle Creek Basin, full build-out of the basin would be expected to significantly increase 
the peak flows, volumes, and flooding extents in the Battle Creek - Waln Creek confluence 
area. Limiting the amount of impervious surface and implementing green infrastructure 
should help ofset the expected increases. 

ALTERNATIVES ANALYSIS 
To develop the list of recommended stormwater capital improvement projects (CIPs) 
for the Battle Creek Basin Plan, an extensive alternatives analysis was performed using 
the calibrated XP-STORM model. A description of each alternative and associated model 
results is provided in Appendix F. Projects evaluated in the alternatives analysis were 
culvert and bridge replacements, channel vegetation and debris clearing, storage area 
creation, flow diversions, floodplain grading, and channel improvements. 

The alternative that results in a significant reduction in flood risk to the Greenside Vil-
lage Condominiums is Project No. BA-BC1, which includes the placement of a reinforced 
concrete box culvert beneath the Battle Creek Elementary School entrance driveway. For 
the 100-year, 48-hour storm, water surface elevations are expected to decrease by approx-
imately 1.7 feet. Because this project is not located on City property, coordination with the 
Salem-Keizer School District would need to occur for planning and implementation of this 
project. Also, it should be recognized that if Project Nos. BA-BC2, BA-BC3 and BA-BC4 (dis-
cussed below) are implemented, overtopping at 13th Street would no longer be expected 
to occur. Therefore, BA-BC1 would not be needed. 

The alternative that would result in the greatest reduction in peak discharge is Project 
No. BA-BC2, which consists of the creation of floodplain storage within the Battle Creek – 
Waln Creek confluence area. The alternatives that would results in the greatest reduction 
in flood risk along Battle Creek in the13th Street and Packwood Court area and the area 
surrounding Battle Creek Elementary School is implementation of Projects BA-BC 3 and 
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BA-BC4, which consist of channel improvements, including benching, along an approx-
imately 2,200 feet-long reach of Battle Creek located upstream of the confluence with 
Waln Creek. The alternative that would result in the greatest reduction in flood risk to the 
area in the vicinity of Fairway Avenue is the implementation of Project No. BA-BC5, which 
consists of channel improvements, including benching, along an approximately 1,300 
feet-long reach of Battle Creek from 220 feet upstream of Commercial Street SE to I-5. 
The alternative that would result in the greatest reduction in flood risk along Waln Creek 
between Woodside Avenue and Madras Street is Project No. BA-WC1, which consists of 
channel vegetation and debris clearing. 

To reduce the potential for increasing flood risk for areas located downstream of each 
of the channel conveyance improvement project locations, including the City of Turner, 
various combinations of alternatives were evaluated. The selected combinations of con-
veyance improvement and flood storage alternatives were chosen based on their ability 
to both lower peak flood elevations in problematic areas and reduce the potential for 
downstream flow increases. Combination No. 1 components include floodplain storage 
(BA-BC2), channel benching along Battle Creek upstream of the Waln Creek confluence 
(BA-BC3), and channel clearing/reconstruction upstream of the Waln Creek confluence 
(BA-BC4). Combination 2 components include floodplain storage (BA-BC2), channel 
benching along Battle Creek upstream of the Waln Creek confluence (BA-BC3), channel 
clearing/reconstruction upstream of the Waln Creek confluence (BA-BC4), and channel 
benching/clearing along Battle Creek from 220-feet upstream of Commercial Street SE to 
I-5 (BA-BC5). The specific locations and extents of the components of Combination 1 and 2 
are shown in Figure 9. 

2-D model output inundation maps for Combinations 1 and 2 for existing conditions 25-, 
50-, and 100-year, 48-hour design storms are shown in Figures G.1 to G.6 in Appendix 
G. Inundation maps for Combinations 1 and 2 for the full build-out conditions 25-, 50-, 
and 100-year, 48-hour design storms are shown in Figures G.7 to G.12 in Appendix G. A 
map showing the results of the various Waln Creek alternatives is shown in Figure G.13 in 
Appendix G. 
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Figure 9–Components of Combinations 1 and 2. 



RECOMMENDED STORMWATER CAPITAL IMPROVEMENT 
PROJECTS 

The recommended stormwater capital improvement projects were divided into two 
categories, short- and long-term. Short-term project are recommended for implementa-
tion within the next 10 years. Long-term projects are recommended to be implemented 
afer 10 years. All cost estimates are in 2018 Dollars. Estimates originally provided in 2016 
dollars (see Appendix H) were converted to 2018 values using the ratio of the Engineering 
News Record West Coast Cities (Seattle, San Francisco, Los Angeles) Construction Cost 
Index Average for 2016 to 2018, which was 1.09. Annual maintenance costs were assumed 
unchanged. 

Short-Term CIPs 

The following are the recommended list of short-term (< 10 years) stormwater CIPs in rec-
ommended order of implementation. Detailed cost estimates are provided in Appendix H. 
Project locations are shown in Figure 10. 

Project No. BA-BC1 - Install Box Culvert under Battle Creek Elementary School Driveway 

Description: Install 8-feet wide by 3.5-feet tall by 80-feet long reinforced concrete box 
culvert beneath the school driveway. 

Results: Model output indicates that the flood risk for the Greenside Village Condomini-
ums and Battle Creek Elementary School will be significantly reduced. For the 100-year, 
48-hour storm, water surface elevations are expected to decrease by approximately 1.7 
feet. 

2016 Est. 2018 Est. 
Construction Cost Estimate $122,000 $132,980 
Construction Contingency (30%) $36,600 $39,894 

Construction Total: $158,600 $172,874 

Admin., Design, Permitting (25%) $39,650 $43,219 
Const. Survey and Management (13%) $20,618 $22,474 

Rounded (nearest $1,000) Project Total: $220,000 $239,000 

Annual Maintenance Cost: N/A N/A 

Project No. BA-BC2 - Create Additional Floodplain Storage at Battle Creek-Waln Creek 
Confluence within City-Owned Property 

Description: Includes the creation of two large floodplain storage areas at the confluence 
of Waln Creek and Battle Creek. The project encompasses a 12-acre parcel located north 
of Battle Creek and east of Waln Creek and a 7.5-acre parcel located south of Battle Creek. 
Excavation depths average four to six feet and the total removal volume is approximately 
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150,600 cubic yards. 

Results: Model output indicates that the project will have no appreciable efect on 
upstream flood risk. However, the project will significantly reduce flood risk to down-
stream properties and will ofset increased peak flows that are expected to result from the 
future implementation of Project No. BA-BC3. 

2016 Est. 2018 Est. 
Construction Cost Estimate $1,747,285 $1,904,541 
Construction Contingency (30%) $524,186 $571,363 

Construction Total: $2,271,471 $2,475,903 

Admin., Design, Permitting (25%) $567,868 $618,976 
Const. Survey and Management (13%) $295,291 $321,867 

Rounded (nearest $1,000) Project Total: $3,135,000 $3,417,000 

Annual Maintenance Cost: $15,900 $15,900 

Project No. BA-BC3 - Create Floodplain Benches along the Portion of the Battle Creek 
Channel Located South of the Elementary School 

Description: Includes the creation of floodplain benches along approximately 1,000 linear 
feet of Battle Creek to increase the conveyance capacity of the channel while maintaining 
the existing low flow channel characteristics. The project extends from the western extent 
of the City of Salem property to the confluence with Scotch and Powell Creeks. The chan-
nel modifications would be similar to the modifications that were implemented along the 
reach of Waln Creek located immediately upstream of Battle Creek. 

Results: Model output indicates that the project will significantly reduce flood risk to 
Battle Creek Elementary School and Greenside Village Condominiums. For the 100-year, 
48-hour storm, water surface elevations are expected to decrease by approximately 1.2 
feet. 

2016 Est. 2018 Est. 
Construction Cost Estimate $180,526 $196,773 
Construction Contingency (30%) $54,158 $59,032 

Construction Total: $234,684 $255,806 

Admin., Design, Permitting (25%) $58,671 $63,951 
Const. Survey and Management (13%) $30,509 $33,255 

Rounded (nearest $1,000) Project Total: $330,000 $353,000 

Annual Maintenance Cost: $2,200 $2,200 



 

Long-Term CIPs 

The following are the recommended list of long-term (> 10 years) stormwater CIPs in rec-
ommended order of implementation. Detailed cost estimates are provided in Appendix H. 
Project locations are shown in Figure 10. 

Project No. BA-BC4 - Vegetation Clearing / Channel Reconstruction along Battle Creek 
between City Owned Property and Sunnyside Road 

Description: Clear woody vegetation and reconstruct/restore channel along Battle Creek 
between western extent of City-owned property and Sunnyside Road. Project will require 
the acquisition of an approximate 75-foot-wide stormwater maintenance easement along 
Battle Creek (total of approximately 1800 linear feet, or 3.1 acres) and the acquisition of at 
least three private properties adjacent to Battle Creek between the western extent of City 
of Salem property and 13th Avenue SE. Although not specifically modeled, the project was 
extended upstream to Sunnyside Road to help eliminate continued channel degradation 
and bank failures that have occurred along this reach due to hydromodifications. 

Results: When combined with Project No. BA-BC3, the flood risk to properties along 13th 
Avenue SE and Packwood Court, Battle Creek Elementary School, and the Greenside 
Village Condominiums will be significantly reduced. For the 100-year, 48-hour storm, the 
water surface elevation at 13th Avenue SE is be expected to decrease by approximately 1.1 
feet and no longer cause flooding in these areas. 

2016 Est. 2018 Est. 
Construction Cost Estimate $555,061 $605,016 
Construction Contingency (30%) $166,518 $181,505 

Construction Total: $721,579 $786,521 

Admin., Design, Permitting (25%) $180,395 $196,631 
Const. Survey and Management (13%) $93,805 $102,247 

Rounded (nearest $1,000) Project Total: $1,000,000 $1,085,000 

Easement Acquisition1: $1,200,000 
Easement Acquisition2: $1,240,000 

Grand Total: $3,525,000 

Annual Maintenance Cost: $2,900 $2,900 
1 Assumes three residential properties @ $400,000 each. 
2 Assumes approximately 3.1 acres @ $400,000 per acre. 

Project No. BA-BC5 – Create Floodplain Benches along Battle Creek from just Upstream of 
Commercial Street SE to I-5 

Description: Includes the creation of floodplain benches along approximately 1,300 linear 
feet of Battle Creek to increase the conveyance capacity of the channel while maintaining 
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the existing low flow channel characteristics. The project extends from approximately 220 
feet upstream of Commercial Street SE downstream to Interstate 5. The channel modifi-
cations would be similar to the modifications to that were implemented along the reach 
of Waln Creek located immediately upstream of Battle Creek. The project would require 
approximately 1,100 linear feet of easement, 100 feet in width, or approximately 2.5 acres, 
for the vegetated area south of the channel. 

Results: The flood risk to properties in the vicinity of Fairway Avenue SE will be signifi-
cantly reduced. For the 100-year, 48-hour storm, the water surface elevation upstream of 
Fairway Avenue SE is be expected to decrease by approximately 0.6 feet and result in only 
minor street flooding. 

2016 Est. 2018 Est. 
Construction Cost Estimate $156,450 $170,531 
Construction Contingency (30%) $46,935 $51,159 

Construction Total: $203,385 $221,690 

Admin., Design, Permitting (25%) $50,846 $55,422 
Const. Survey and Management (13%) $26,440 $28,820 

Rounded (nearest $1,000) Project Total: $290,000 $306,000 

Easement Acquisition1: $1,000,000 
Grand Total: $1,306,000 

Annual Maintenance Cost: $1,600 $1,600 
1 Assumes approximately 2.5 acres @ $400,000 per acre. 

Project No. BA-WC1 – Vegetation Clearing / Minor Channel Improvements along Waln 
Creek between the Northern Extent of City of Salem Property and Mildred Lane SE 

Description: Clear woody vegetation and conduct minor channel grading improvements 
along Waln Creek between the northern extent of City-owned property and Mildred Lane 
SE. Project will require the acquisition of approximately 3,120 linear feet of a 40-foot-wide 
stormwater maintenance easement along Waln Creek (approximately 2.9 acres). 

Results: The flood risk to properties along Waln Creek will be somewhat reduced. For the 
100-year, 48-hour storm, the water surface elevations along Waln Creek will be reduced by 
between approximately 0.5 and 0.7 feet. 

2016 Est. 2018 Est. 
Construction Cost Estimate $252,046 $274,730 
Construction Contingency (30%) $75,614 $82,419 

Construction Total: $327,660 $357,149 

Admin., Design, Permitting (25%) $81,915 $89,287 
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Figure 10–Locations of recommended short-term and long-term stormwater capital improvement projects. 



2016 Est. 2018 Est. 
Const. Survey and Management (13%) $42,596 $46,430 

Rounded (nearest $1,000) Project Total: $460,000 $493,000 

Easement Acquisition1: $1,160,000 
Grand Total: $1,653,000 

Annual Maintenance Cost: $6,200 $6,200 
1 Assumes approximately 2.9 acres @ $400,000 per acre. 
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 APPENDIX A 
JANUARY 2012 FLOOD PHOTOGRAPHS 

Figure A.1–Across from the BAT3 flow gauge, looking downstream at Figure A.2–Across from the BAT3 flow gauge, looking upstream. 
Commercial Street Bridge. 

Figure A.3–Battle Creek at Fairway Avenue Bridge, looking downstream. Figure A.4–Battle Creek at Fairway Avenue Bridge, looking south. 



Figure A.5–Powell Creek flooding near Meriweather Street and 13th Figure A.6–Flooding at the Woodside Drive crossing over Waln Creek. 
Avenue. 

Figure A.7–Flooding at the Madras Street crossing over Waln Creek. 
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 APPENDIX B 
DESIGN STORM DEVELOPMENT 

INTRODUCTION 
As part of the Stormwater Master Plan (SWMP) update for the City of Salem, an analysis of 
historic rainfall data and simulated runof for Battle Creek was conducted. The purpose 
of the analysis is to evaluate and recommend design storms for use in the assessment of 
flood risk and for use in developing the Basin Plan for Battle Creek. 

The General Design Standards found in Chapter 109 of the City of Salem’s Public Works 
Administrative Rules provide design storm depths and temporal distribution. However, 
recorded stream flows and XP-STORM hydrologic and hydraulic model simulation results 
for the January 2012 event in the Battle Creek Basin suggest that the provided design 
storm significantly underestimates flood volumes and peak flows and may not be appro-
priate for the purpose of characterizing basin-wide flood risk. Consequently, alterna-
tive design storms were developed and modeled that included longer storm durations, 
adapted temporal distributions, and updated rainfall depths. 

The purpose of this memo is to report on the methods used to developed the design 
storms, discuss the results of the analysis, and recommend design storm distributions and 
rainfall depths for use in the Stormwater Master Plan Update. 

BATTLE CREEK BASIN 
The portion of Battle Creek Basin located upstream of Interstate 5 (I-5) has a drainage area 
of 10.1 square miles. The minimum and maximum basin elevations are 383 f and 1,070 f, 
respectively. The mean elevation for the basin is 616 f. Unless otherwise noted, all ele-
vations reported in this memo are based on the North American Vertical Datum of 1988 
(NAVD 88). The largest tributary to Battle Creek is Waln Creek, which has a drainage area 
of 4.4 square miles and generally contains residential developments. Smaller tributaries 
include Scotch Creek, Powell Creek, Jory Creek, and Champion Swale. In general, land use 
for most of the developed areas within the City is medium to low density residential. Land 
uses for the higher elevation portions of the basin, located outside of the City limits, are 
generally cropland and forest. 

SUMMARY OF RAIN GAUGE DATA 
The locations of the rain gauges in proximity to the Battle Creek Basin (upstream of I-5) 
are shown in Figure B.1. Pertinent rain gauges include: 

McNary Field 

The rain gauge at McNary Field (Salem Airport) is operated by the National Oceanic and 
Atmospheric Administration (NOAA). It has a period of record spanning from July of 1948 



to the present. The 66 year period of record makes this the longest continuous rainfall 
gauge in the vicinity of Salem. The elevation of the gauge is approximately 205 f. The rain-
fall data is in available in 1-hour increments. 

Rain Gauge 8 

Rain Gauge 8 (RG8) is operated by the City of Salem. It is the primary rain gauge in the 
Battle Creek Basin. It is located immediately upstream of the Commercial Street crossing 
of Battle Creek. Continuous rainfall data from the gauge is available in 15-minutes incre-
ments from 1996-1998 and 2002-Present. The elevation of the gauge is approximately 389 
f. Of the 88 subbasins within the Battle Creek Basin, 49 are assigned to RG8.

Rain Gauge 11 

Rain Gauge 11 (RG11) is operated by the City of Salem. It is the primary rain gauge for 
the undeveloped portions of the Battle Creek Basin located upstream of the City’s urban 
grown boundary (UGB). The gauge is located within a residential neighborhood near the 
intersection of Skyline Road and Davis Road. Continuous rainfall data from the gauge 
is available in 15-minutes increments from 1998-2006 and 2008-Present. The elevation 
of the gauge is approximately 730 f. Because of the higher elevation of RG11, there is a 
greater risk of snow accumulating on the rain gauge. When this occurs, errors are intro-
duced into the rainfall measurements. Of the 88 subbasins within the Battle Creek Basin, 
31 are assigned to RG11. 

Rain Gauge 10 

Rain Gauge 10 (RG10) is operated by the City of Salem. It is within close proximity of a few 
subbasins in the north portion of Battle Basin near Waln Creek. It is located near the inter-
section of Liberty Road and Hrubetz Road. Continuous rainfall data is available in 15-min-
utes increments from 1997-Present. The elevation of the gauge is approximately 470 f. Of 
the 88 subbasins within the Battle Creek Basin, 8 are assigned to RG10. 

Rain Gauge 17 

Rain Gauge 17 (RG17) is operated by the City of Salem. It is within close proximity of a few 
subbasins in the undeveloped portions of the Battle Creek Basin. However, it was not used 
for the analysis since RG 11 is located in closer proximity to these subbasins. 
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Legend 
D Battle Creek Basin 

Rain Gauge 1 

A 

Figure B.1–Rain gauge locations relative to the Battle Creek Basin (upstream of I-5). 

DESIGN STORM RAINFALL DEPTHS 
Relationships with McNary Field Rain Gauge 

Since the McNary Field rain gauge has a period of record of 66 years, which is substan-
tially longer than the period of record of the other rain gauges, it was used to develop the 
design storm rainfall depths. However, a comparison of the rain gauge data suggested 
that RG8, RG10, and RG11 tend to have higher rainfall depths. This diference is likely due 
to orographic efects since the rainfall depths generally increase as the gauge elevation 
increases. A comparative analysis of the rain gauge data was performed to develop a rela-
tionship between RG8, RG10, and RG11 and McNary field. 

In the analysis, the 1-day rainfall depths at RG8, RG10, and RG11 were compared to the 
1-day rainfall depths at McNary Field for the overlapping periods of record. Scatter plots 
were developed for RG8, RG10, and RG11 1-day rainfall depths versus the McNary field 
1-day rainfall depths. A linear trend line was fit to the data and the resulting slope was 
used to estimate the average rainfall depth diference between the City’s rain gauges and 
the McNary Field gauge. Figure B.2, Figure B.3, and Figure B.4 show the relation devel-
oped between McNary Field and RG8, RG10, and RG11, respectively. 
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Figure B.2–Comparison of 1-day rainfall depths between RG8 and McNary Field. 

Figure B.3–Comparison of 1-day rainfall depths between RG10 and McNary Field. 
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Figure B.4–Comparison of 1-day rainfall depths between RG11 and McNary Field. 

RG8 and RG10 were found to have similar relations to the McNary Field gauge. The trend 
line slope for RG8 was 1.07. For RG10, the trend line slope was 1.06. Since RG10 would be 
applicable to only a few subbasins, and the relationship for RG10 is similar to that of RG8, 
the RG8 multiplier of 1.07 was used for the subbasins near RG10 when modeling design 
storms. 

The RG11 relation was found to have a slope of 1.15, which is much greater than the other 
relations. However, RG11 also had the lowest R2 value, which suggests that there is more 
uncertainty in the RG11-McNary Field relation. Based on the slope of the linear trend lines, 
the design depths developed at the McNary Field gauge were increased by 7% for the sub-
basins in the vicinity of RG8 (including those subbasins previously assigned to RG10), and 
15% for the subbasins in the vicinity of RG11. 

Frequency Analysis 

In order to estimate the rainfall depths for the 24-, 48-, and 72-hour duration design 
storms, a frequency analysis was performed on the 66 years of rainfall data available for 
the McNary Field gauge. The largest 24-, 48-, and 72- hour total rainfall depths for each 
year for the entire period of record were extracted from the data. The data were plotted on 
lognormal probability plots using both the Weibull and Hazen plotting positions. Linear 
trend lines were generated using the least squares method for both plotting positions. 
Visual inspection of the generated trend lines suggests that they tend to underestimate 
the larger less frequent events, so additional trend lines were visually fit to the data. The 
lognormal probability plot of the 24-hour annual maximum event depths, trend lines, and 
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24-hour City Design Standard depths are shown in Figure B.5. The lognormal probability 
plots of the 48- and 72-hour annual maximum event depths and trend lines are shown in 
Figure B.6 and Figure B.7, respectively. 

The resulting 2-, 5-, 10-, 25-, 50-, and 100-year depths for the 48-hour and 72-hour duration 
storms were extracted from the graphical fit trend lines. The graphical fit trend line for the 
24-hour events produced results that are similar to the values in the City’s Design Stan-
dards. Therefore, the City’s Design Standard depths were selected for the 24-hour design 
storm. The resulting design storm depths and the adjusted depths for the City’s RG8 and 
RG11 rain gauges are summarized in Table B.1. 

Figure B.5–Lognormal probability plots of the annual maximum 24-hour total rainfall depths. 
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Figure B.6–Lognormal probability plots of the annual maximum 48-hour total rainfall depths. 

Figure B.7–Lognormal probability plots of the annual maximum 72-hour total rainfall depths. 



Return 
Period 
(year) 

Exceedance 
Probability 

(%) 

McNary Field Gauge RG 8 RG 11 

City 
Design 

Standards 
Graphical Fit 

City Design 
Standards 

+7% 

Graphical Fit 
+7% 

City Design 
Standards 

+15% 

Graphical Fit 
+15% 

24-hr 48-hr 72-hr 24-hr 48-hr 72-hr 24-hr 48-hr 72-hr 
2 50 2.2 2.9 3.5 2.4 3.1 3.7 2.5 3.4 4.0 
5 20 2.7 3.8 4.6 2.9 4.1 4.9 3.1 4.4 5.2 

10 10 3.2 4.4 5.3 3.4 4.7 5.6 3.7 5.1 6.1 
25 4 3.6 5.2 6.2 3.9 5.5 6.6 4.1 5.9 7.1 
50 2 4.1 5.7 6.8 4.4 6.1 7.3 4.7 6.6 7.8 

100 1 4.4 6.2 7.4 4.7 6.7 8.0 5.1 7.2 8.6 
Table B.1–Design storm depths for McNary Field gauge and adjusted depths for RG 8 and RG 11. 

DESIGN STORM DURATIONS AND DISTRIBUTIONS 
The City of Salem Design Standards (2014) requires the use of the 24-hour duration SCS 
Type 1-A rainfall distribution (Figure B.8) when the Engineered Method is required for 
design. However, hydrologic/hydraulic modeling results comparing actual rainfall dis-
tributions for large storm events with the SCS Type 1-A distribution suggest that a more 
appropriate storm may have a 48- or 72-hour duration. While the SCS Type 1-A distri-
bution is typically used for 24-hour events in the Pacific Northwest region, there are no 
recommended SCS distributions for 48-hour and 72-hour duration storms.   

To determine the appropriate storm distributions for the 48- and 72-hour events, the dis-
tributions of the three largest events on record were analyzed and compared with the SCS 
Type 1-A distributions. The three events analyzed included the February 1996, November 
1996, and January 2012 storms. The November 1996 storm was approximately a 44-hour 
event with a rainfall depth of 4.15 inches at the McNary Field gauge. A normalized 48-hour 
storm distribution based on the November 1996 event is shown in Figure B.9. The Janu-
ary 2012 storm was approximately a 71-hour event with a rainfall depth of 6.9 inches at 
the McNary Field gauge.  A normalized 72-hour storm distribution based on the January 
2012 event is shown in Figure B.10. The February 1996 storm was approximately a 72-hr 
event with a rainfall depth of 6.97 inches at the McNary Field gauge. A normalized 72-hour 
storm distribution for the February 1996 event is shown in Figure B.11. 

For the 48-hour event, the November 1996 storm distribution was selected due to the 
concentration of precipitation intensities into a more or less triangular distribution and 
its duration of nearly 48 hours. This concentration of high precipitation intensities results 
in larger peak flows when compared to the flatter storm distributions of February 1996 
and January 2012 which more evenly distribute the precipitation over the duration of the 
storm. For the 72-hour event, the January 2012 storm distribution was selected because it 
produces larger peak flows when compared to the February 1996 storm distribution.  This 
is likely because the January 2012 storm distribution has a longer period of larger intensi-
ties in the later portion of the distribution that contributes to the peak flow. 
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Figure B.8–Normalized 24-hour SCS Type 1-A storm distribution. 

Figure B.9–Normalized 48-hour November 1996 storm distribution. 
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Figure B.10–Normalized 72-hour January 2012 storm distribution. 

Figure B.11–Normalized 72-hour February 1996 storm distribution. 
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XP-STORM MODEL RESULTS 
Historic Storm Events 

The hydrographs shown in Figure B.12 and Figure B.13 were developed using the cali-
brated XP-STORM model for the Battle Creek basin.  They represent the simulated flows 
for the three largest storm events on record using a combination of actual and estimated 
rainfall data.  Figure B.12 shows the simulated flows for the location of the Battle Creek 
3 gauge (BC3), which is located at the Commercial Street crossing of Battle Creek. Fig-
ure B.13 shows the simulated flows for the location of the Battle Creek 12 gauge (BC12), 
which is at the Lone Oak Road crossing of Battle Creek. 

Because RG11 was not in operation during the February and November 1996 storm 
events, RG11 rainfall depths were estimated from the RG8 gauge data using a multiplier 
of 1.075, which was derived from the historical relationship between RG8 and RG11. The 
72-hour total rainfall for the February 1996 event recorded at RG8 was 8.9 inches. Using 
the multiplier, the total rainfall for RG11 was estimated to be 9.6 inches. For November 
1996, the 72-hour total rainfall recorded at RG8 was 5.9 inches. Again using the multiplier, 
the 72-hour total rainfall depth for RG11 was estimated to be 6.3 inches. 

For the January 2012 event, both RG8 and RG11 were operational. The 72-hour total rain-
fall for RG8 was 7.2 inches. However, it is believed that RG11 was likely recording errone-
ous data for a significant portion of the storm event, due to snow accumulation on the 
gauge (personal communication with Justin Boyington, City of Salem).  For the period of 
time the gauge was believed to be collecting erroneous data, the rainfall was estimated 
from the RG8 gauge data using a multiplier of 1.1. This multiplier was derived from the 
relationship between RG8 and RG11 for the portion of the storm event when both gauges 
were considered to be fully functional.  The 72-hour total rainfall for RG11 was estimated 
to be 7.9 inches.  Estimated total rainfall depths for the February 1996, November 1996 
and January 2012 storm events are summarized in Table B.2. As seen in the table, the 
February 1996 storm event produced that greatest 72-hr total precipitation, exceeding the 
estimated 100-year storm totals of 8.0 and 8.6 inches shown in Table B.1 for RG 8 and RG 
11, respectively. 

Rain Gauge February 1996 (in.) November 1996 (in.) January 2012 (in.) 

RG 8 8.91 5.91 7.21 

RG 11 9.62 6.32 7.92 

1 Recorded by rain gauge 2 Estimated Table B.2–Estimated 72-hour total rainfall for the Battle Creek Basin rain gauges. 
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Figure B.12–Simulated hydrographs for Feb. and Nov. 1996 and Jan. 2012 storm events for the Battle Creek 3 stream gauge location. 
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Figure B.13–Simulated hydrographs for Feb. and Nov. 1996 and Jan. 2012 storm events for the Battle Creek 12 stream gauge location. 

Design Storm Events 

XP-STORM simulation results for the 24-, 48-, and 72-hour, 100-year design storm events 
for the BC3 and BC 12 stream gauge locations are shown in Figure B.14 and Figure B.15, 
respectively. The 24-hour design storm is based on the rainfall depth published in the 
City’s Design Standards (2014) and uses the SCS Type 1-A rainfall distribution. The 48-hour 
and 72-hour design storms are based on the total rainfall depths provided in Table B.1. 
The distribution for the 48-hour design storm is based on the November 1996 event shown 
in Figure B.9. The distribution for the 72-hour design event is based on the January 2012 
event shown in Figure B.10. 

The 2-, 5-, 10-, 25-, 50- and 100-year results for the three design storm events for various 
locations in within the Battle Creek Basin are summarized in Table B.3. A map of the loca-
tions for which the results are reported is shown in Figure B.16. 
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Figure B.14–Simulated hydrographs for the 100-year, 48-, and 72-hour design storms at the BC3 stream gauge location. 

Location 

2-year 5-year 10-year 

24-hr 
SCS 
1-A 

48-hr 
Nov. 
1996 

72-hr 
Jan. 
2012 

24-hr 
SCS 
1-A 

48-hr 
Nov. 
1996 

72-hr 
Jan. 
2012 

24-hr 
SCS 
1-A 

48-hr 
Nov. 
1996 

72-hr 
Jan. 
2012 

1 205 244 227 259 372 357 321 445 417 
2 59 97 95 88 156 156 120 198 197 
3 58 95 93 86 154 154 118 195 194 
4 50 79 82 75 130 137 104 167 174 
5 39 62 65 59 104 108 83 136 145 
6 117 118 97 151 170 141 184 202 170 
7 94 98 80 123 143 116 152 174 141 
8 77 82 67 100 120 97 125 146 118 
9 34 41 33 46 59 47 58 72 58 

10 10 13 12 12 21 19 15 27 24 
Maximum Discharge 
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Figure B.15–Simulated hydrographs for the 100-year, 48-, and 72-hour design storms at the BC12 stream gauge location. 

25-year 50-year 100-year 

24-hr 
SCS 1-A 

48-hr 
Nov. 
1996 

72-hr 
Jan. 
2012 

24-hr 
SCS 
1-A 

48-hr 
Nov. 
1996 

72-hr 
Jan. 
2012 

24-hr 
SCS 1-A 

48-hr 
Nov. 
1996 

72-hr 
Jan. 
2012 

371 543 518 416 645 613 459 748 704 
144 244 258 179 309 305 199 358 352 
142 240 255 176 306 300 196 353 348 
126 215 233 157 267 273 175 309 319 
100 175 187 127 215 219 146 248 259 
213 267 207 243 264 231 258 300 254 
179 210 174 208 238 196 226 267 220 
145 175 145 169 201 163 185 224 184 
67 88 70 79 101 78 88 111 89 
18 33 31 21 40 36 24 46 42 

Table B.3–Simulated peak dischargets for the 2-, 5-, 10-,  25-, and 100-year storms for the Battle Creek Basin. 



CONCLUSIONS 
An evaluation of available rainfall data was conducted to determine the most appropriate 
design storms for use in the City of Salem Stormwater Master Plan Update.  As seen in 
Figure B.12 and Figure B.13, the 24-hour duration SCS Type 1-A distribution design storm 
(as presented in the City’s Stormwater Design Standards) does not produce the magni-
tude of flooding observed within the Battle Creek basin when compared to historic floods 
of longer duration.  The three largest recorded storm events have durations of between 44 
and 72 hours.  Both the volume and peak flow for the 24-hour SCS Type 1-A event are sig-
nificantly less than both the 48-hour and 72-hour design storm events.  Therefore, use of 
the 24-hour duration SCS Type 1-A distribution design storm would likely underestimate 
the flood risk within the Battle Creek basin. 

As seen in Figure B.14, the 100-yr, 48-hour design storm produces the highest peak flow at 
the location of the BC3 stream gauge.  This value is slightly larger than the modeled Feb-
ruary 1996 storm event shown in Figure B.12. Also, with minor exceptions, the 48-hour 
design storm produces the largest peak flows throughout the basin.  It is noted that there 
are several locations (as seen in Table B.3) where the peak flows for the 72-hour design 
storm exceed the 48-hour design storm.  It should also be noted that the 72-hour design 
storm produces the largest runof volume of the three design storms evaluated.  This can 
be visually observed in Figure B.14. Because the 72-hr storm produces the largest volume 
of runof, it will be important for evaluating the performance of flow control facilities. 
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RECOMMENDATIONS 
The following recommendations are made: 

• The 100-yr, 48-hr design storm should be used for evaluation of the flood risk within 
the Battle Creek basin. 

• Both the 48-hr and 72-hr design storms should be used for evaluating the performance 
of the existing drainage system under existing and full build-out conditions. 

• Both the 48-hr and 72-hr design storms should be used for evaluation of new and/ 
or retrofit facilities or other best management practices as part of the basin planning 
process.  



 

REFERENCES 
City of Salem (2014), Administrative Rules Chapter 109 Division 004 Stormwater System, City 

of Salem Department of Public Works, January 2014. 
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 APPENDIX C 
QA/QC DOCUMENTATION 



CONSUL TAN TS, INC. 

1. Basic Documentation 

Vertical and horizmta l datum of project provided? 

Topographic information provided (vertical and horizontal datum, what kind)? If multiple data sets are used, are the extents for each 
me known? 

Soil data information used documented and provided? 

Land use informatim documented and provided? 

Documentat im m techniq.Jes and procedures provided? 

Have moooling errors and warning been addressed? 

Vvhat configuration parameters are used? 

Maximum event mOOeled (Search for "Rainfall input summary from Runoff'' in .out) 

Was topology performed m sub watersheds? 

What infiltration method is being used? ls it consistent for each sub catchment? (See Table R3) 

How ma,y sub catchments are being modeled? Is it consistent with GIS? (see Table R3) 

Does the total basin area in GIS match the total area in the* .rut file? (see Table R3) 

Does the runoff volume seem reasonable? (see Table R9) 

Is the% Continuity error reasonable? (see Table RS) 

Do the infiltratim parameters seem reasmable? (Table R2) 

Are the runoff parameters reasmable? (See Table Rl) 

■ REO P□ NO E R E l.;IUI RED • N EEOO REVIO l□ N 

.,/ CO M PLETE 

XP-STORM 2014 SP! 
VertTcarDab.Trri: NGVD29 Horizontal Dafurn: NAU 1983 State pTaneOregon 
North HARN International feet 3601 
3-ft LiDAR used from 2011 Oregm UDAR consortium. Converted to 
project cocrdinates a1d Datum. Near the confluence of Battle Creek and 
Waln Creek, topographic data came from grading contours from otak to 
represent resent development in the area. 
Based on SURRGO data downloaded in Oct 2014 
For area within city, land use based on impervious data provided by city. 
Pervious areas within city were assumed to be turf. Outside of the city, 
land use based on NCLD land cover dataset. 
P:'\Cityo1$alem\StormwaterMasterPTar!(6_:sasinPlanning_Mixlel1ng\;Salem 
Stormwater Master Plan Model documentatim. docx 
Yes. Wave celerity warning ignored in .out file ignored. 
MINLEN-10, which allows links to be shorter than the default length of 32 
ft. Shortening the allowable link length did not cause instabilities and it 
reduced the extra stora_g_e in shorter links. 

Jan 2012 Event Distributim with 48-hrur design storm - Full Buildrut 

apology pertormed on sub waterSheds and saved here: 
P:\CityolSalem\StormwaterMasterPlan\6_BasinPlanning_Modeling\GIS\Sub 

For the pre-calibrated existing conditions modal, runoff depths range from 
0.78-3. 7 inch mostly depending on% impervious. o/o Imperv ranges from 
0-50%. Calibratim was performed to match observed values. 

Yes, -0.0004, recommended to be+/- 2%. 

During the calibration process, the initial infiltration rate was set to 0.040 
in/hr for silty-clay-loams soils (most of the model). While this is outside of 
the recommended range provided by XP for C soils1 it is assumed that 
during the wet mmths, the soils are saturated and in does not require 
much rainfall to reach the minimum infiltration. Other infiltration 
parameters fal I within recommended ra,ges. 

es, based on assumptions in 
P:\Cityo1$alem\StormwaterMasterPlan\6_BasinPlanning_Modeling\Battle\R 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 
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C3 
Supplem
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Item 

3. 1 D Hydraulics 

Is a baseftow being used in the model? If s01 where? 

Weir coefficient 

How are bridges being modeled? 

Is the mo:lel la;ing any water? (See Table E20) 

Was node storage used properly? Where the storage curves adjusted to the node invert elevation? 

What was done to prevent the double coonting of storage? 

How were natural channels modeled? Were bank station and overbank flow distances used correctly? 

Model Stability 

Check node% Continuity (Table E 18). 

Are any channel walls being vertically extrapolated? (See"*" in Table E 10) 

User defined conduits 

Were any initial depths used? 

C01duit Sizes 

Default of 3.0 being used for all weirs except bridge weirs which used 2.6. 

If the max modeled stage does not reach the low chord1 the bridges are 
modeled as natural channels. If the stage reaches the low chord and the 
overflow can be modeled as a weir 1 a bridge link was used. If The overflow 
could not be accurately modeled as a weir, a multi link was used in which 
the bridge cpening was modeled as a user defined conduit and the averfio 
was modeled as a natural cross section. 

Overflows and 2D grid used to capture all water. Overflow links are orange 
in XP. If overflow was a street, then overflow was modeled as a trapezcid 
Otherwise1 na1JJral cross sections used to represent o.rerflows. Metho:l for 
cap1JJring water: Node spill crests were raised to 100 ft above invert. Max 
accounted water elevations were tracked in 
P:\CityofSalem\StormwaterMasterPlan\6_BasinPlanning_Modeling\Battle\H 
ydraulics\Nodeflooding .xlsx . If the node max water elevation from XP 
exceeded the max accounted water levels, an overflow conduit was added 
and the max water accounted water level was raised. Check were made f, 
the Existing conditions 48-hour and 72-hour events as well has the Fu ll 
Build-Out Conditions 48-hour event. 

For nodes in which the channel crcss sections did not adequately capture 
all storage, storage curves were developed and input into the nodes. The 
areas that storage rurves were developed fcr are in this shapefile: 
P:\CityofSalem\StormwaterMasterPlan\6_BasinPlanning_Modeling\Battle\H 
ydraulics\Storage\BA_Storage.shp. These polygons were used with l idar to 
develop storage 1'ft storage rurves. The stages used in the curved were 
adjusted based on the node invert elevation. Note that most of the rurves 
were developed in GEOHMS, which over calculated the storage areas by an 
average of 13%. The areas in the resulting curves were decreased by 13% 
to not over count storage. 

Tributary lengths were shortened near confluences. Overflow length were 
shortened to the 100-yr stage when connecting to channel. If node storage 
was used at a channel 1 the area used in node storage rurve did not indude 
the natural cross section area. 

If HEC-RAS model had available cross section data1 that was imported in to 
SWMM. If no RAS data was available, if channel was within UGB, and 
channel had more than 1 sq mile of runoff area1 then channels were 
surveyed and overbanks were extracted from lidar. Otherwise, channels 
and overbanks were both extracted from lidar. Banks station were set at 
top of banks1 net top of normal water level. Because of that, channel 
roughness values are a composite value ci the channel and bank 
vegetation . Overbank lengths were estimated used lidar. May need to 
revise after initial mo:lel runs. 

Most instabilities were fixed. However, near node BA-SF-247 there is an 
instability related to the overflo.,v link in basf-246e that was ultimately 
ignored after attempting to fixed it. Since this is a rural area outside of the 
City's UGB and the instability dampens out after a few links1 it was decided 
that it was not wcrth spending more time debugging this instability. Mnor 
instabilities near 13th street but it does not seem to affect peak WSE or 
peak Flows for any of the events. 
Overall continuity excellent. Some nodes near BA-SF-247 had instabilities 
see above 

If the HGL exceeds s,de walls of conduit, then by default XP-SWMM 
extrapolates the side wall vertically. If this is the case then either the 
channel needs to be extended1 cr there needs to be connected to a 20 grid 
For some overflow channels this is okay. A.JI of these issues have been 
addressed. Note that for links. (see E 10 tab in 
P:\CityofSalem\StormwaterMasterP1an\6_BasinP1anning_l\1odeling\Battle\H 
ydraul i cs\NodeFI oodi n g. xi sx) 
User defined ccnduits were developed in HEC-RAS and were used to 
represent bridge openings. 
No1 baseflows filled in storage areas up to the downstream link invert 
elevation. 
COllduTt Sizes checked. No unreas01able sizes. Na1JJral cross section 
diameters set to 0. 

.,, 
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No. 
Review Item 

4. 2D Hydraulics 
Have the 2D errors and warning been addressed? 

What time step was used? Does it make sense? 

V\lhat overland roughness assumptions were used? Was 0 .3 used for buildings? 

Were there any unusual or problematic flow patterns? Does the grid cover the flood extents? Are the 2D velocities reasmable? 

Were 1D channels made inactive in the gr id to avoid double counting storage? I f yes, were 1D/2D interfaces used at the boundary? 

Were there any major mass errors in the * .flt file? (Search for error) 

Are spill crests at the nodes that are comect to the 2D model at the ground elevation? Have thick ridge lines been added at the for 
the crnnected 1D channel banks? 

Was there any DTM man ipulatim? 

Do the inactive areas in the 2D area that represent channels fully cover elements? 

Comments 

Yes 

2 secmds - XP2D documentatim recommends 1/4 to 1/2 timestep to cell 
size (meters) ratio. Cell size is 12 ft ( 4m) ( total of30000 cells) . 

Biisea m l>JlR- Project f 5(]5g W l 58}. Created tables ot roughness 
depend ing on depth. As the depth was low, the n values were high (similar 
to recommended values in XP2D documentatim.) As the depth increased, 
the n values decreased to the lower values recommended in ARR Project 
15. As per recent research, build ings were modeled with roughness of 0.3 

IQ 

Ridges were used to 11 burn in11 correct elevations1 including at banks and 
berms. Gull ies were also used for similar reasons. 

Flow patterns check, and gr id extended to capture flood extents. Max 2D 
veloci t ies a-e about 2. 7 ft/s, which was generally reasmable. 

Yes 

Both CE and ME were good. Final ME = -0. 04%. Recommen 
1%. 

ess ffian 

Yes. Most lD channel banks used ridges except the Waln Creek's right 
bank at the crnfluence since there is not a right bank at that location. 

Yes 

Model documentation saved here: P:\CityofSalem\StormwaterMasterPlan\6_BasinPlanning_Modeling\Salem%20Stormwater%20Master%20Plan%20Model%20documentation .docx 
Model saved here: P :\CilyofSalem\StormwaterMasterPlan\6_BasinPlanning_Modeling\Batlle\SWMM\QAQC_submission 
GIS Map saved here: P :\CityofSalem\SlormwaterMasterPlan\6_BasinPlanning_Modeling\GIS\BaseMap .qgs 
Sub watersheds saved here : P :\CityofSalem\SlormwaterMasterPlan\6_BasinPlanning_Modeling\GIS\Subbasins\Corrected_ Topology\Batlle_Updated.shp 
Nodes shapefile saved here : P :\CityofSalem\SlormwaterMasterPlan\6_BasinPlanning_Modeling\GIS'link_Node_Network'lJpdated\Nodes.shp 
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APPENDIX D 
CALIBRATION/VERIFICATION PLOTS 

Figure D.1–January 2009 storm event flow hydrographs at Bat3 stream gauge. 

Figure D.2–January 2009 storm event stage hydrographs at Bat3 stream gauge. 
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Figure D.3–January 2009 storm event flow hydrographs at Bat12 stream gauge. 

Figure D.4–January 2009 storm event stage hydrographs at Bat12 stream gauge. 

D2 
Battle Creek Basin Plan - Appendix D |  (September 2019)



D3 
Supplement to Stormwater Master Plan

-;;;-

500 

450 

400 

350 

300 

t; 
~250 
3 
0 

U::: 
200 

150 

100 

so 

0 

- Rain Gauge 8 

--Stream Gauge Bat 3 Flow 

--Calibrated Model Flow 

12/25/2010 12/26/2010 12/27/2010 12/28/2010 12/29/2010 12/30/2010 12/31/2010 1/1/2011 
Time 

387 

- Rain Gauge 8 
386 --Stream Gauge Bat3 Stage 

--Calibrated Model Stage 
385 

384 

0) 
~ 383 
> 
\!) 

~ 382 
~ 
Cl) 

~381 .... 
V) 

380 

379 

0 

0.1 

0.2 

0.3 

0.4 ~ 
........ 
C: 

0.5;; 
Ill -C: 

0.6 ~ 

0.7 

0.8 

0.9 

1 

0 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

.:::-

..c: ........ 
C: 

= Ill -C: 
Ill 
a:: 

377 ~------------------------------~ 1 

12/25/2010 12/26/2010 12/27/2010 12/28/2010 12/29/2010 12/30/2010 12/31/2010 1/1/2011 
Time 

Figure D.5–December 2010 storm event flow hydrographs at Bat3 stream gauge. 

Figure D.6–December 2010 storm event stage hydrographs at Bat3 stream gauge. 
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Figure D.7–December 2010 storm event flow hydrographs at Bat12 stream gauge. 

Figure D.8–December 2010 storm event stage hydrographs at Bat12 stream gauge. 
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Figure D.9–January 2012 storm event flow hydrographs at Bat3 stream gauge. 

Figure D.10–January 2012 storm event stage hydrographs at Bat3 stream gauge. 
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Figure D.11–January 2012 storm event flow hydrographs at Bat12 stream gauge. 

Figure D.12–January 2012 storm event stage hydrographs at Bat12 stream gauge. 
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Figure D.13–December 7, 2015 storm event flow hydrographs at Bat3 stream gauge. 

Figure D.14–December 7, 2015 storm event flow hydrographs at Bat12 stream gauge. 
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Figure D.15–December 17, 2015 storm event flow hydrographs at Bat3 stream gauge. 

Figure D.16–December 17, 2015 storm event flow hydrographs at Bat12 stream gauge. 
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 APPENDIX E – EXISTING CONDITIONS 
AND FULL BUILD-OUT MODEL RESULTS 
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Supplement to Stormwater Master Plan
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Battle Creek Basin Plan - Appendix E |  (September 2019)
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Supplement to Stormwater Master Plan
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E19 
Supplement to Stormwater Master Plan
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Supplement to Stormwater Master Plan
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Supplement to Stormwater Master Plan
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Supplement to Stormwater Master Plan
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Figure E.1–2-D model flooding extents for existing condition 10-year, 48-hour storm. 
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Figure E.2–2-D model flooding extents for existing condition 25-year, 48-hour sorm. 
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Figure E.3–2-D model flooding extents for existing condition 25-year, 48-hour sorm. 
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Figure E.4 – 2-D model flooding extents for existing condition 100-year, 48-hour sorm. 
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Figure E.5–Color coded node results for existing conditions 10-year, 48-hour sorm. 
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Figure E.6–Color coded node results for existing conditions 25-year, 48-hour storm. 
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Figure E.7–Color coded node results for existing conditions 50-year, 48-hour storm. 
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Figure E.8–Color coded node results for existing conditions 100-year, 48-hour storm. 
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Figure E.9–2-D model flooding extents for full build-out condition 10-year, 48-hour storm. 
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Figure E.10–2-D model flooding extents for full build-out condition 25-year, 48-hour storm. 
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Figure E.11–2-D model flooding extents for full build-out condition 50-year, 48-hour storm. 
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Figure E.12–2-D model flooding extents for full build-out condition 100-year, 48-hour storm. 
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Figure E.13–Color coded node results for full build-out conditions 10-year, 48-hour storm. 
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Figure E.14–Color coded node results for full build-out conditions 25-year, 48-hour storm. 
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Figure E.15–Color coded node results for full build-out conditions 50-year, 48-hour storm. 
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Figure E.16–Color coded node results for full build-out conditions 100-year, 48-hour storm. 
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 APPENDIX F 
INITIAL MODELING ALTERNATIVES 
B1_1 Utilize Available Golf Course Storage 

Upstream of Sunnyside Road’s crossing of Battle Creek, Creekside Golf Course provides 
6 acre-feet of existing storage. However, the culvert under Sunnyside is large enough to 
convey high flows without backing up and utilizing the storage. For this alternative, an 
outlet structure was placed upstream of Sunnyside Road to constrict the flows during 
large events and backup water into the existing storage area. This was modeled by plac-
ing a structure upstream of Sunnyside Road’s culvert (link babc-018) with an orifice flow 
area of 30 square feet and a spill crest elevation at 400.5 feet.  A structure was also placed 
upstream of Sunnyside Road’s crossing of Powell Creek (link babc-295) with an orifice 
diameter of 1 foot. The existing turfed spillway between Battle Creek and the storage area 
was not modified. These structures were optimized to make the largest flow reduction for 
the 100-year event. 

Results: This reduced peak flows upstream of 13th Avenue by approximately 14 cubic 
feed per second (cfs) for the 100-year event, but it did not reduce the stage enough to 
prevent overtopping at 13th Avenue for the 100-year and 50-year events. The 13th Avenue 
Bridge did not overtop for both the 10-year existing conditions model and this alterna-
tive. Upstream of Fairway Avenue, the peak flood elevation slightly decreased. The peak 
flow downstream of I-5 was lowered by 8 cfs, 8 cfs, and 3 cfs for the 25-, 50-, and 100-year 
events, respectively. 

B1_2 Triple Golf Course Storage 

The available storage volume at Creekside Golf Course upstream of Sunnyside Rd was 
tripled from 6 acre-feet to 18 acre-feet to understand the potential upper limit of golf 
course storage. Outlet structure modifications at Sunnyside Road are similar to what was 
described in B1_1. 

Results: While the alternative reduced the flows by about 22 cfs for the 100-year event, it 
still did not reduce the stage at 13th enough to eliminate overtopping for the 100-year and 
50-year events. The 50-year peak WSE upstream of 13th Avenue decreased from 392.77 f
to 392.58 f (-0.19 f). Since 13th Avenue crests at approximately 292.30 f, the 50-year peak
flow is still about 0.3 f higher than it would need to be to prevent the 13th Avenue flood-
ing. The additional storage decreased flooding at Fairway Avenue by 0.09 f and 0.09 f for
the 100-year event and 50-year event, respectively.

B2_1 Battle Creek Channel Clearing around 13th Avenue 

Modified 900 f of Battle Creek starting at the hedge row 370 feet upstream of 13th Avenue 
and ending 630 f downstream of 13th Avenue at the beginning of the park. Channel mod-
ifications included vegetation clearing which decreased the channel composite Manning’s 



roughness value from 0.08 to 0.04 (similar to what Otak suggested in “Proposed Condi-
tions 1"). 

Results: This eliminated overtopping at 13th Avenue for the 50-year and 100-year events. 
However, water still backed up through Battle Creek Elementary School’s west relief 
sidewalk channel and flooded the Greenside Village Condominiums during the 100-year 
event (although the flooding extents decreased). Eliminating the sidewalk channel or 
reducing the backwater would help prevent flooding in the area north of the school if this 
alternative were implemented. This alternative increased the stage near Fairway Avenue 
by 0.00 f, 0.01 f, and 0.02 f for the 25-, 50-, and 100-year events, respectively. The peak 
flow downstream of I-5 was increased by 0 cfs, 3 cfs, and 5 cfs for the 25-, 50-, and 100-year 
events, respectively.   

B2_2 Battle Creek Channel Clearing South of School  

Modified the roughness for a 1000 f section of Battle Creek south of Battle Creek Elemen-
tary School and upstream of the Waln Creek confluence. The composite channel rough-
ness was lowered from 0.06 to 0.04 (similar to what Otak suggested in “Proposed Condi-
tions 2"). 

Results: The channel modification reduced the backwater at the sidewalk relief channel, 
west of Battle Creek Elementary School. This allowed the sidewalk relief channel to more 
efectively drain some of the 13th Avenue overflow waters which reduced the flooding 
during the 50-year and 100-year events north of the school and at Greenside Village Con-
dominiums. This alternative increased the 100-year flood elevation at Fairway Avenue by 
0.05 f and the 100-year peak flows downstream of I-5 by 11 cfs. 

B2_12 Battle Creek Channel Clearing around 13th Avenue & South of School 

This alternative is a combination “B2_1” and “B2_2”. 1900 f of channel would undergo 
vegetation clearing from the Waln Creek confluence to the hedge row 370 f upstream of 
the 13th Avenue Bridge. 

Results: Flooding at 13th Avenue, the Greenside Village Condominiums, and in the vicinity 
of Battle Creek Elementary School was eliminated for the 50-year and 100-year events. 
The Peak 100-year WSE at Fairway Avenue increased by 0.07 f and the 100-year peak flow 
downstream of I-5 increased by 16 cfs. 

B4 Floodplain Grading South of School 

The Battle Creek banks were modified in the reach of Battle Creek south of the Battle 
Creek Elementary School, upstream of the Waln Creek confluence. The overbanks were 
lowered and the roughness values were decreased. The overbanks were modified by 
creating an interpolated cross section surface in RAS using Otak’s “Proposed Conditions 
4” school reach geometry. This surface was merged with the Present Conditions DTM. The 
roughness values also came from Otak’s “Proposed Conditions 4”. 

Results: While the additional floodplain storage south of the school helped reduce flood-
ing at 13th Avenue and near Battle Creek Elementary School by about 0.33 f, this alterna-
tive was not as efective as “B2_2” (Battle Creek Channel Clearing South of School).  
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B4_chan Add Channel Benches along Battle Creek South of School with Sparse 
Vegetation 

This alternative modified the Battle Creek channel south of the Battle Creek Elementary 
School, upstream of the Waln Creek confluence. The channel modifications created over-
flow benches similar to what was constructed on Waln Creek upstream of the confluence 
(see a representative channel cross section modification in Figure F.1. The channel was 
given a composite roughness of 0.04. 

Results: This significantly reduced flooding near Battle Creek Elementary School and at 
the Greenside Village Condominiums for the 50-year and 100-year. While overtopping still 
occurred at 13th Avenue during the 50-year and 100-year events, the decrease in Battle 
Creek’s backwater south of the school allowed the school’s sidewalk relief channel to 
more eficiently drain the 13th Avenue flooding. The Peak 100-year WSE at Fairway Avenue 
increased by 0.05 f and the 100-year peak flow downstream of I-5 increased by 13 cfs. 

Figure F.1–Channel benching geometry. 

B4_chan_tree Add Channel Benches along Battle Creek South of School with 
Dense Vegetation 

Similar to alternative “B4_chan”, but increased the channel roughness in the modified 
section of Battle Creek to simulate long term tree and shrub growth. 

Results: The results were similar with the lower roughness. However, since the benched 
channel had higher roughness values there was a little less flood reduction in the vicinity 
of Battle Creek Elementary School and at the Greenside Village Condominiums compared 
to alternative “B4_Chan”. 



B5 Add Box Culvert at School Entrance 
This alternative added an 8’x 3.5’ box culvert under the Battle Creek Elementary School 
entrance. 

Results: This alternative decreased the flooding extents at Greenside Village Condomini-
ums for the 50-year and 100-year events. Other areas were not afected. 

B6 Add Storage near Battle Creek and Waln Creek Confluence 
Created large storage areas in the park that contains the Waln Creek and Battle Creek con-
fluence by lowering the 2D grid cell elevations to 381 f and creating a ridge between the 
storage area and the channel that would only overtop flows at or above the 25-year event. 
This is an upper bound of this alternative’s potential.  

Results: The added storage lowered the flooding near Fairway Avenue by 0.24 f, 0.38 f, 
and 0.19 f for the 25-, 50-, and 100-year events, respectively. The peak flow downstream 
of I-5 was lowered by 51 cfs, 80 cfs, and 45 cfs for the 25-, 50-, and 100-year events, respec-
tively. There were no significant changes upstream of the confluence. 

B7 Add Storage in Wetland Upstream of Commercial Street north of Battle Creek 
Created a storage area at the northwest corner of Battle Creek and Commercial Street by 
lowering the grid cell elevations to 387.5 f and creating a ridge between the creek and the 
storage area with an elevation of 383 f. 

Results: The flood reduction impacts were marginal. The peak flow downstream of I-5 
stayed within +/- 3 cfs of the original peak flow for each of the design events. The flood-
ing near Fairway Avenue was also largely unafected. There was no significant changes 
upstream of the confluence. 

B8 Battle Creek Channel Clearing Between Commercial Street & I-5 
Lowered channel roughness between Commercial Street and I-5 from 0.06 to 0.04 and 
decreased right overbank roughness from 0.1 to 0.06. 

Results: The channel clearing lowered the flooding near Fairway Avenue by 0.48 f, 0.47 
f, and 0.46 f for the 25-, 50-, and 100-year events, respectively. This resulted in a smaller 
inundation area in area residential area along Fairview Ave. The peak flow downstream of 
I-5 changed by +1 cfs, +8 cfs, and +5 cfs for the 25-, 50-, and 100-year events, respectively. 
There were no significant changes upstream of the confluence. 

B9_10 Double Size of Battle Creek Culverts at I-5 
Doubled capacity of I-5 culverts. 

Results: Small decrease of flooding at Fairway Avenue (about 0.09-f for the 100-year 
event). The 100-year peak flow increased by 12 cfs downstream of I-5. 
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B11 Battle Creek Channel Benching from 220 f Upstream of Commercial Street 
to I-5 

Increased the channel size and created overflow benches similar to what was constructed 
on Waln Creek upstream of the confluence (see a representative channel cross section 
modifications in Figure F.2.) The channel was given a roughness of 0.04. The channel mod-
ification was made from 220 f upstream of Commercial Street to I-5. 

Results: The channel clearing and benching lowered the flooding near Fairway Avenue by 
0.93 f, 0.88 f, and 0.83 f for the 25-, 50-, and 100-year events, respectively. This resulted 
in a significantly smaller inundation area in area residential area along Fairview Avenue. 
The peak flow downstream of I-5 changed by -6 cfs, +9 cfs, and +7 cfs for the 25-, 50-, and 
100-year events, respectively. There were no significant changes upstream of the conflu-
ence. 

    Figure F.2–Channel benching geometry. 



W1 Upsize Waln Creek at Madras Street Culvert 

Upsized Waln Creek culvert at Madras Street from 10 f span to 16 f span. 

Results: No significant flood mitigation due to influence of upstream inline weir. 

W2 Remove Weir Upstream of Madras Street 

Removed weir upstream of Madras Street. Site visit suggests sediment has filled in area 
upstream of weir. Assumed channel would erode to geometry conditions in Otak’s model. 

Results: This alternative slightly decrease in 100-year flood elevation along Waln Creek 
upstream of weir (0.03 f). 

W3 Upsize Waln Creek at Wiltsey Road Culvert 

Doubled the size of Wiltsey Road culvert. 

Results: This alternative slightly lowered 100-year flood elevations upstream of Woodside 
Drive, but slightly increased flooding near trailer park downstream of Wiltsey Road. 

W4 Waln Creek Vegetation Clearing 

Reduced channel vegetation in Waln Creek from approximately 0.065 to 0.04 from Madras 
Street to Mildred Lane. 

Results: This alternative eliminated flooding upstream of Woodside Drive for the 100-year 
event and decreased flooding near the trailer park downstream of Wiltsey Road by 0.7 f 
for the 100-year event. There were minimal impacts downstream of the Battle Creek con-
fluence. 

W5 Mildred Storage 

Added 10 ac-f of storage area upstream of Woodside Drive in undeveloped parcel. 

Results: While it only decreased peak flood elevation by 0.1 f at Woodside Rd and 0.13 
near the trailer park for the 100-year event, this is due to the two peaks of the design flood 
event. The first peak decreased much more and the additional storage had less influence 
on the second peak. The additional storage decreased peak flows downstream of I-5 by 15 
cfs for the 100-year event. 

COMBINATION 1 – Battle Creek Channel Clearing Around 13th Avenue, Battle 
Creek Channel Benching South of School & Confluence Storage 

This is a combination of alternatives “B2_1”, “B2_2”, “B4_chan”, and “B6”. Maximized stor-
age at Waln Creek and Battle Creek confluence. Reduced channel roughness from hedge 
row upstream of 13th Avenue to Waln Creek confluence. Added benches in channel south 
of school. 

Results: Eliminated flooding near 13th Avenue and north and west of the school for the 
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50-year and 100-year events. Combination 1 lowered the flooding near Fairway Avenue by 
0.24 f, 0.36 f, and 0.13 f for the 25-, 50-, and 100-year events, respectively. This resulted 
in a smaller inundation area in area residential area along Fairview Ave. The peak flow 
downstream of I-5 decreased by 44 cfs, 58 cfs, and 38 cfs for the 25-, 50-, and 100-year 
events, respectively. This combinations efectively decreased the risk of flooding near 
13th Avenue, at the Greenside Village Condominiums, and in the vicinity of Battle Creek 
Elementary School, while also decreasing the downstream peak flows at I-5. This alterna-
tive did not have a significant impact to the residential flooding near Fairway Avenue. 

COMBINATION 2 – Battle Creek Channel Clearing Around 13th, Battle Creek 
Channel Benching South of School, Battle Creek Channel Benching/Clearing 
between Commercial and I-5 & Confluence Storage 

This is a combination of alternatives “B2_1”, “B2_2”, “B4_chan”, “B6”, and “B11”. Max-
imized storage at Waln Creek and Battle Creek confluence. Reduced roughness to 0.04 
from hedge row upstream of 13th Avenue to Waln Creek confluence. Added benches in 
channel south of Battle Creek Elementary School. Added benches from 220 f upstream of 
Commercial Avenue to I-5 and reduced channel roughness to 0.04. 

Results: Eliminated flooding near 13th Avenue and north and west of the school for the 
50-year and 100-year events. Combination 1 lowered the flooding near Fairway Avenue by 
0.91 f, 1.15 f, and 1.01 f for the 25-, 50-, and 100-year events, respectively. This resulted 
in a significantly smaller inundation area in area residential area along Fairview Ave. The 
peak flow downstream of I-5 decreased by 19 cfs, 63 cfs, and 45 cfs for the 25-, 50-, and 
100-year events, respectively. This combinations efectively decreased the risk of flooding 
near 13th Avenue, at the Greenside Village Condominiums, and in the vicinity of Battle 
Creek Elementary School, while also decreasing the downstream peak flows at I-5. Unlike 
Combinations 1, this alternative also significantly decreased the risk of residential flood-
ing near Fairway Avenue. 
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 APPENDIX G 
ALTERNATIVES ANALYSIS RESULTS 
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Figure G.1–2-D model results for existing conditions 25-yr, 48-hour storm for Combination 1. 
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COMBINATION 1 • UPPER CHANNEL MODIFICATIONS & 
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Figure G.2–2-D model results for existing conditions 50-yr, 48-hour storm for Combination 1. 
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Figure G.3–2-D model results for existing conditions 100-yr, 48-hour storm for Combination 1. 
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COMBINATION 2 • UPPER CHANNEL MODIFICATIONS & 
CONFLUENCE STORAGE & 

LOWER CHANNEL MODIFICATIONS 
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Figure G.4–2-D model results for existing conditions 25-yr, 48-hour storm for Combination 2. 
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Figure G.5–2-D model results for existing conditions 50-yr, 48-hour storm for Combination 2. 
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COMBINA11ON 2 • UPPER CHANNEL MODIFICATIONS & 
CONFLUENCE STORAGE & 

LOWER CHANNEL MODIFICA11ONS 
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Figure G.6–2-D model results for existing conditions 100-yr, 48-hour storm for Combination 2. 



FULL BUILD-OUT CONDITIONS COMBINATION 1 
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Figure G.7–2-D model results for full build-out conditions 25-yr, 48-hour storm for Combination 1. 
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FULL BUILD-OUT CONDITIONS COMBINATION 1 
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Figure G.8–2-D model results for full build-out conditions 50-yr, 48-hour storm for Combination 1. 
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Figure G.9–2-D model results for full build-out conditions 100-yr, 48-hour storm for Combination 1. 
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FULL BUILD-OUT CONDITIONS COMBINATION 2 
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Figure G.10 – 2-D model results for full build-out conditions 25-yr, 48-hour storm for Combination 2. 
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Figure G.11–2-D model results for full build-out conditions 50-yr, 48-hour storm for Combination 2. 
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FULL BUILD-OUT CONDITIONS COMBINATION 2 
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Figure G.12–2-D model results for full build-out conditions 100-yr, 48-hour storm for Combination 2. 
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Figure G.13–1-D model results for existing conditions 100-yr, 48-hour storm for Waln Creek. 
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APPENDIX H 
CIP COST ESTIMATES 
Project BA-BC1 - Add Box Culvert at School Driveway Entrance 

Description: Project includes the installation of an 8’x3.5’ box culvert under Battle Creek 
Elementary entrance opening a flow path to drain the closed depression. 

Results:  Modeling indicates the installation of this box culvert significantly decreases 
flooding in the condominiums north of the school for the 25, 50, and 100-yr events. Water 
stored in the closed depression will flow under the school entrance road and into Waln 
Creek. 

2015 Project Cost Estimate:  $220,000 
Yearly Maintenance Cost: N/A 

Looking east between school and apartments.                 Looking west between school and apartments. 

Looking north between school and apartments.                 Proposed culvert location at access road. 



Battle Creek Property Improvements - Salem, OR 
Conceptual Cost Estimate 
Estimator: Otak, Inc. 
Date of Estimate: Jan 201 6 

Alternative BA-BC1 - Add Box Culvert at School Entrance 
1A Mobilization (10%) 
2A Erosion Control Measures (5%) 
3A Earthwork 

a. General Excavation and Offsite Haul 
4A HMA 
5A Import Backfill 
6A Concrete Box Culvert (8'x3.5'x80') 
7A Concrete Curb 
8A Concrete Sidewalk 
9A Landscaoinq 

Notes: 
1. Costs are in 2016 dollars 
2. Assumes construction work occurs during summer months 

EASE OF ACCESS FOR MAINTENANCE 
Easv Access 
Regular Access 
Difficult Access 

Quantity Unit Unit Cost Total Item Cost 

1 LS $11 ,100 $11 ,100 
1 LS $5,300 $5,300 

200 CY $20 $4,000 
20 TON $100 $2,000 
100 CY $35 $3,500 

1 LS $90,000 $90,000 
50 LF $40 $2,000 
30 SY $70 $2,100 
1 LS $2,000 $2,000 

Subtotal $122,000 
Construction Continqencv (30%) $36,600 

Construction Total $158,600 
Admin ., Design, and Permitting (25% $39,650 

Construction Survey and Management (13%) $20,618 
RoundedTotal $220,000 

Quantity Unit Unit Cost 1 otal Item Cost 

NA AC $750 NA 
NA AC $1 ,000 NA 
NA AC $2,000 NA 

RoundedTotal NA 

Project BA-BC2 - Add Storage at Confluence 

Description: Project creates two large storage areas downstream of the Waln Creek-Bat-
tle Creek confluence by lowering the overbank area north and south of Battle Creek and 
installing two floodgates to retain water before reentering Battle Creek. A combined 19.5 
acres of floodplain grading is split into a 12 acre parcel north of Battle Creek and a 7.5 acre 
parcel south of Battle Creek (see location below). 

Results: This project has no appreciable efect on upstream flooding. However it does 
attenuate the peak flows significantly decreasing the flow rate downstream at culverts 
under I-5 and Delaney Rd and the flood stage at Fairway Ave. 

2015 Project Cost Estimate:  $3,140,000 
Yearly Maintenance Cost: $15,900 
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View of floodplain area east of Waln Creek looking southeast. 

Aerial view of approximate project limits.                 View of floodplain area east of Waln Creek. 



Battle Creek Property Improvements - Salem, OR 
Conceptual Cost Estimate 
Estimator: Otak, Inc. 
Date of Estimate: Jan 2016 

Alternative BA-BC2 - Add Storage at Confluence 
1A Mobilization (10%) 
2A Erosion Control Measures (3%) 
3A Clearinq and Grubbinq (Stockpile Strippinqs) 
4A Tree Removal 
5A Work Area Isolation/Stream Channel Dewatering 
6A Earthwork 

a. General Excavation and Offsite Haul 
b. General Excavation and Onsite Haul 
c. Embankment Compaction 

7A Streambed Gravel 
BA Tide Gate 
9A Landscape and Irrigation 

Notes: 
1. Top soil material to be stripped and stockpiled onsite as noted above. 
2. Assumes construction work occurs during summer months 
3. Costs are in 2016 dollars 

Quantity Unit Unit Cost 

1 LS $158,844 
1 LS $50,892 
1 LS $40,000 

104 EA $500 
1 LS $15,000 

100,400 CY $8 
50,200 CY $4 
50,500 CY $2 

60 CY $50 
2 EA $14,000 

20.3 AC $14,500 

Subtotal 
Construction Contingency (30%) 

Construction Total 
Admin., Design, and Permitting (25%) 

Construction Survey and Management (13%) 
RoundedTotal 

4. Assumes that ~1 /3 of excavated material remains onsite, with remaining material hauled offsite 

uuant1ty Unit Urnt(.;OSI 
EASE OF ACCESS FOR MAINTENANCE 
Easy Access 21 AC $750 
Reqular Access 0 AC $1 ,000 
Difficult Access 0.07 AC $2,000 

RoundedTotal 

Total Item Cost 

$158,844 
$50,892 
$40,000 
$52,000 
$15,000 

$803,200 
$200,800 
$101 ,000 

$3,000 
$28,000 

$294,549 

$1 ,747,285 
$524,186 

$2,271,471 
$567,868 
$295,291 

$3,140,000 

I otal Item (.;OSI 

$15,750 
$0 

$148 
$15,900 

Project BA-BC3 - Add Channel Benches South of School 

Description: The project includes approximately 1,000 linear feet of Battle Creek channel 
grading to increase the channel size and create overflow benches similar to Waln Creek 
just upstream of the Battle Creek confluence. The project extends along Battle Creek from 
the western extent of City of Salem property to the confluence with Scotch Creek and 
Powell Creek.  

Results: Modeling indicates stream channel benches significantly reduces flooding in the 
apartments north of the school for the 25, 50, and 100-yr events due to a decrease in back-
water efect south of the school. This project will not eliminate overtopping 13th avenue, 
but will more efectively drain the 13th Ave overflow. Combining this project with adding 
floodplain storage to the Battle Creek overbanks (Project BA-BC-2) would increase overall 
efectiveness. 

2015 Project Cost Estimate:  $330,000 
Yearly Maintenance Cost: $2,200 
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Upstream end of project facing downstream.                 Upstream end of project facing upstream. 

View of channel facing downstream.                 Aerial view of approximate project length. 



Battle Creek Property Improvements - Salem, OR 
Conceptual Cost Estimate 
Estimator: Otak, Inc. 
Date of Estimate: Jan 2016 

Alternative BA-BC3 Chan - Add Channel Benches South of School 
1A Mobilization (10%) 
2A Erosion Control Measures (5%) 
3A Clearing and Grubbing (Stockpile Strippings) 
4A Tree Removal 
5A Work Area Isolation/Stream Channel Dewaterinq 
6A Earthwork 

a. General Excavation and Offsite Haul 
7A Stream Plantinqs 
BA Landscape and lrriqation 

Notes: 
1. Top soil material to be stripped and stockpiled onsite as noted above. 
2. Assumes construction work occurs during summer months 
3. Costs are in 2016 dollars 

EASE OF ACCESS FOR MAINTENANCE 
Easy Access 
Regular Access 
Difficult Access 

Quantity Unit Unit Cost Total Item Cost 

1 LS $16,411 $16,411 
1 LS $8,596 $8,596 
1 LS $20,000 $20,000 

18 EA $250 $4,500 
1 LS $25,000 $25,000 

5,000 CY $12 $60,000 
10,200 EA $3 $30,600 

1.1 AC $14,500 $15,418 

Subtotal $180,526 
Construction Continqencv (30%) $54,158 

Construction Total $234,684 
Admin ., Desiqn , and Permitting (25% $58,671 

Construction Survey and Management (13%) $30,509 
RoundedTotal $330,000 

uuantIty urnt urnt t.;OSt I otal Item t.;OSt 

2 AC $750 $1 ,500 
0 AC $1 ,000 $0 

0.31 AC $2,000 $624 

RoundedTotal $2,200 

Project BA-BC4 - Add Channel Benches to Battle Creek between Sunnyside Rd 
and School Property 

Description: The project includes approximately 1,800 linear feet of Battle Creek channel 
grading to increase the channel size and create overflow benches similar to Waln Creek 
just upstream of the Battle Creek confluence. The project extends along Battle Creek from 
Sunnyside Road to the western extent of City of Salem property (see below).  Properties 
and easements will need to be acquired by the City to provide room for channel grading 
and maintenance. 

Results: Clearing this channel eliminates overtopping at 13th Ave. Although not spe-
cifically modeled, incorporating channel benching would further reduce flood risk by 
creating additional in-channel storage and greater conveyance.  It is also expected to 
help reduce the potential for continued channel degradation and bank failures that have 
occurred along this reach due to hydromodifications. 

2015 Project Cost Estimate:  $1,000,000 
Yearly Maintenance Cost: $2,900 
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Creek Property Improvements - Salem, OR 
Conceptual Cost Estimate 
Estimator: Otak, Inc. 
Date of Estimate: Jan 2016 

Alternative BA-BC3 Chan - Add Channel Benches South of School 
1A Mobilization (10%) 
2A Erosion Control Measures (5%) 
3A ClearinQ and GrubbinQ (Stockpile StrippinQs) 
4A Tree Removal 
5A Work Area Isolation/Stream Channel Dewaterinq 
6A Earthwork 

a. General Excavation and Offsite Haul 
7A Stream PlantinQs 
8A Landscape and lrriqation 

Notes: 
1. Top soil material to be stripped and stockpiled on site as noted above. 
2. Assumes construction work occurs during summer months 
3. Costs are in 2016 dollars 

EASE OF ACCESS FOR MAINTENANCE 
Easy Access 
Reqular Access 
Difficult Access 

Quantity Unit Unit Cost Total Item Cost 

1 LS $16,411 $16,411 
1 LS $8,596 $8,596 
1 LS $20,000 $20,000 

18 EA $250 $4,500 
1 LS $25,000 $25,000 

5,000 CY $12 $60,000 
10,200 EA $3 $30,600 

1.1 AC $14,500 $15,418 

Subtotal $180,526 
Construction Contingency (30% $54,158 

Construction Total $234,684 
Admin., DesiQn, and PermittinQ (25%) $58,671 

Construction Survey and Management (13%) $30,509 
RoundedTotal $330,000 

uuan111y unit unit c.;ost I otal Item c.;ost 

2 AC $750 $1,500 
0 AC $1 ,000 $0 

0.31 AC $2,000 $624 

RoundedTotal $2,200 

Aerial view of approximate project limits. 



Project BA-BC5 – Create Floodplain Benches along Battle Creek between 
Commercial and I-5 

Description: The project includes approximately 1,300 linear feet of Battle Creek channel 
grading to increase the channel size and create overflow benches similar to Waln Creek 
just upstream of the Battle Creek confluence. The project extends along Battle Creek from 
approximately 220 f upstream of Commercial Street SE to Interstate 5 (see below).  Ease-
ments will need to be acquired by the City to provide room for channel grading and main-
tenance. 

Results:  Creating the floodplain benches reduces flood risk for the areas in the vicinity of 
Fairway Drive SE. Reduction in flood elevations range from 0.8 f to 0.5 f for the 10- and 
100-year flood events, respectively for existing conditions and from 0.7 f to 0.3 f for the 
10- and 100-year flood events, respectively for full build-out conditions. 

2015 Project Cost Estimate:  $290,000 
Yearly Maintenance Cost: $1,600 

Aerial view of approximate project limits. 
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Battle Creek Property Improvements - Salem, OR 
Conceptual Cost Estimate 
Estimator: Otak, Inc. 
Date of Estimate: Jan 2016 

Alternative BA-BC5 - Create Floodplain Benches on Battle Creek b/w Commercial St and 1-5 
1A Mobilization (10%) 
2A Erosion Control Measures (5%) 
3A Clearing and Grubbing (Stockpile Strippings) 
4A Tree Removal 
SA Earthwork 

a. General Excavation and Offsite Haul 
6A Landscape and lrriqation 

Notes: 
1. Top soil material to be stripped and stockpiled onsite as noted above. 
2. Assumes construction work occurs during summer months 
3. Costs are in 2016 dollars 

EASE OF ACCESS FOR MAINTENANCE 
Easv Access 
Regular Access 
Difficult Access 

Quantity Unit Unit Cost Total Item Cost 

1 LS $15,000 $15,000 
1 LS $7,000 $7,000 
1 LS $15,000 $15,000 

40 EA $250 $10,000 

9,000 CY $12 $108,000 
0.1 AC $14,500 $1 ,450 

Subtotal $156,450 
Construction Continqencv (30% $46,935 

Construction Total $203,385 
Admin., Design, and Permitting (25% $50,846 

Construction Survey and Management (13%) $26,440 
RoundedTotal $290,000 

Quantity Unit Unit Cost Total Item Cost 

1 AC $750 $750 
0 AC $1 ,000 $0 

0.42 AC $2,000 $836 
Rounc ea I otal ~1,ouu 

Project BA-WC1 - Waln Creek Channel Clearing between Mildred Lane and School 
Property 

Description:  This project consists of vegetation removal and minor channel grading to 
increase conveyance capacity within Waln Creek. A total of 3,300 feet of stream channel 
will be cleared and planted with native vegetation (see below for project extents). Ease-
ments will need to be acquired by the City to provide room for channel clearing and main-
tenance. 

Results:  Modeling indicates the clearing of this channel lowers the water surface eleva-
tion within the channel for the 100-yr event and eliminates flooding upstream of Wood-
side and decreased flooding near the Park Court SE trailer park by 0.7 feet. 

2016 Project Cost Estimate:  $460,000 
Yearly Maintenance Cost: $6,200 



 

Creek Property Improvements - Salem, OR 
Conceptual Cost Estimate 
Estimator: Otak, Inc. 
Date of Estimate : Jan 2016 

Alternative BA-WC1 - Waln Creek Channel Clearing Between Mildred Lane and School Property 
1A Mobilization (10%) 
2A Erosion Control Measures (5%) 
3A Clearinq and Grubbinq (Stockpile Strippinqs) 
4A Tree Removal 
5A Work Area Isolation/Stream Channel Dewaterina 
6A Earthwork 

a. General Excavation and Offsite Haul 
b. Stream Channel Excavation and Offsite Haul 

7A Streambed Gravel 
BA Stream Bank Treatments 

a. TvPe A Bank 
9A Stream Plantinqs 
10A Landscape and Irrigation 

Quantity Unit Unit Cost 

1 LS $22,913 
1 LS $12,002 
1 LS $40,000 

20 EA $250 
1 LS $10,000 

4,700 CY $12 
1,000 CY $15 
475 CY $50 

1,950 LF $15 
8,800 EA $3 

0.8 AC $14,500 

Subtotal 
Construction Contingency (30% 

Construction Total 
Admin., Desion , and Permittinq (25% 

Construction Survey and Management (13%) 

I RoundedTotal 

Notes: 
1. Top soi l material to be stripped and stockpi led onsite as noted above. 
2. Assumes construction work occurs during summer months 
3. Costs are in 2016 dollars 
4. Grading occurs on 25% of the stream length 

1.1uantIty unit u nit L,OSt 
EASE OF ACCESS FOR MAINTENANCE 
Easy Access 0 AC $750 
Regular Access 0 AC $1,000 
Difficult Access 3.10 AC $2,000 

RoundedTotal 

Total Item Cost 

$22,913 
$12,002 
$40,000 

$5,000 
$10,000 

$56,400 
$15,000 
$23,750 

$29,250 
$26,400 
$11,330 

$252,046 
$75,614 

$327,660 
$81,915 
$42,596 

$460,000 

, ota, ,tern 1.,ost 

$0 
$0 

$6,198 
$6,200 

View of northern extent of project.         View of southern extent of project. 
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