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City of Rainier 

West Rainier Urban Growth Management Committee 

August 1, 2023 

10 a.m. 

Rainier City Hall 

 

City Administrator W. Scott Jorgensen called the meeting to order at 10:06 a.m.  

 

Committee Members Present: Connie Budge, Chris Hathaway, John Hamlik, Paul Langner 

and John Slape  

 

Committee Members Absent: Terry Deaton and Margaret Magruder 

 

City Staff Present: W. Scott Jorgensen, City Administrator 

 

Visitor Comments: There were no visitor comments at this time. 

 

Consider Approval of the Consent Agenda 

    Consider Approval of the June 8, 2023 West Rainier Urban Growth Management Committee  

    Meeting Minutes—Paul Langner moved to approve the minutes. That motion was seconded  

    by John Slape and adopted unanimously. 

 

New Business 

    a. Presentation by Chris Hathaway of Lower Columbia Estuary Partnership—Hathaway said  

    the organization covers the area between the Bonneville Dam and the Pacific Ocean and has  

    a staff of around 30 people. The organization helps with salmon recovery, habitat restoration  

    and water quality monitoring and has worked with the City of Rainier on planting along Fox  

    Creek. It is currently working with the City on a retrofit project that will capture stormwater  

    and pull out pollutants before they reach larger bodies of water. Jorgensen explained that  

    there’s a lack of separation between the city’s stormwater and sewer systems. That has    

    resulted in fines from the Department of Environmental Quality. The City agreed to do  

    mitigation projects with the estuary partnership, including one currently underway near its  

    boat launch facility. Hathaway pointed out that the City of Portland used to have the same  

    issue. John Hamlik said that there are around 30 culverts along Highway 30 that send water  

    to the area covered by the Rainier Drainage Improvement Company (RDIC). The RDIC  

    incurs the energy costs associated with pumping that water. Hathaway observed that if less  

    water was flowing to that area, there would be less pumping required.  

    b. Existing Zoning and Infrastructure—Jorgensen explained that the area involved is zoned  

    for light and heavy industrial. But it’s not shovel ready because it is not hooked up to City  

    water or sewer. There wouldn’t be much involved with getting those properties hooked up  

    to water but extending the sewer line out that way would be very expensive. Langner said  

    there would have to be a pump station installed in the area.  

    c. Future Growth and Development Opportunities 

    d. Future Recreational Opportunities—Jorgensen explained that one of the maps he included  

    in the packet delineates the public ownership of different properties around the Dibblee  

    beach area. The City recently had a property donated to it, Columbia County owns some  

    property around there and so does the Department of State Lands. His thought was that all  

    of those properties combined could maybe become a larger park, but he isn’t having much  

    luck getting the state on board with it. State officials have told him to get it figured out at  
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   the local level first, but he doesn’t think the county would have much interest in taking on  

   the maintenance of another park facility.   

 

Old Business 

    a. Urban Growth Management Agreement—Connie Budge said that much of the  

    responsibility for the urban growth area still resides with the county. She feels that the City  

    and county should review and revisit the agreement to update it. Langner said he sees there  

    being three main issues. The first is the need to update that agreement. The second is the  

    costs incurred by the RDIC and the third is maintenance of the culverts along Highway 30.   

    b. Definitions 

 

  

          Jorgensen adjourned the meeting at 11:38 a.m.  

 

 

 

 

 

_____________________________               

W. Scott Jorgensen, City Administrator   
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1 INTRODUCTION 

The Rainier Water Improvement District (RWID) Flood Damage Reduction (FDR) system is 

operated by the Rainier Drainage Improvement Company (RDIC or the District).  The District is in 

the process of acquiring levee accreditation from the Department of Homeland Security, Federal 

Emergency Management Agency (FEMA).  According to regulations described in Title 44 of the 

Code of Federal Regulations, Section 65.10 (44 CFR 65.10), levee accreditation requires analyses 

of freeboard, closures, embankment protection, embankment and foundation stability, 

settlement, and interior drainage.  Since March 2016, RDIC has been working together with the 

Portland District of the U.S. Army Corps of Engineers (USACE) to complete these analyses, with 

the exception of the interior drainage analysis.   

RDIC contracted with WEST Consultants, Inc. (WEST) to conduct an interior drainage analysis of 

their FDR system.  The purpose of the analysis is to evaluate the system within the levee 

protected area for the 1% annual chance exceedance flood (base flood).  The analysis identified 

the base flood water surface elevations in areas with flood depths greater than one foot.  Those 

areas were then mapped in accordance with guidelines published by the Federal Emergency 

Management Agency (FEMA). 

STUDY AREA 

RDIC is located in northwest Oregon along the left (south) bank of the Columbia River.  The 

District lies entirely within Columbia County, and encompasses approximately 1,352 acres (2.11 

square miles).  It is bounded by the levee along the river and high ground to the interior.  A 

location map for the project is provided in Figure 1.  All figures are located in Appendix A. 

SITE RECONNAISSANCE 

On May 4, 2018, James Heyen, P.E., WEST Consultants, Inc, conducted site reconnaissance of the 

RDIC FDR system.  While on site, Mr. Heyen met with representatives from the District and toured 

the study area.  Observations were made of key system features, including: the pump station, 
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Rinearson Slough, smaller drainage ditches, bridges, culverts, and land use.  Select photographs 

from the site reconnaissance are provided in Appendix B. 

COMPUTER MODELING 

A series of hydrologic and hydraulic models were developed for the study area and were used to 

evaluate the flood risk for the base flood event.  All modeling was carried out using software 

developed by the U.S. Army Corps of Engineers (USACE) Hydrologic Engineering Center (HEC); 

HEC-HMS for hydrologic calculations and HEC-RAS for hydraulic calculations.  Specifics regarding 

model development are provided in Sections 2 (hydrology) and 3 (hydraulics). 

PREVIOUS STUDIES 

The Portland District of the USACE delivered a Phase 1 National Flood Insurance Program Levee 

System Evaluation Report on February 15, 2018.  This report summarizes the USACE’s Phase 1 

findings regarding the levee system’s ability to provide flood relief during a base flood event.  The 

effective FEMA Flood Insurance Study (FIS) for Columbia County, OR indicates that RDIC is 

mapped as an Area of Reduced Flood Risk Due to Levee (Zone X).  Rinearson Slough, which flows 

through the center of the District, is mapped as Zone A (Approximate).  

TOPOGRAPHIC SURVEY 

WEST conducted a detailed topographic survey in May of 2019 to characterize geometry for 

Rinearson Slough.  Survey data were also collected for bridge and culvert crossings along the 

slough.  A total of 21 channel cross sections, 2 bridge structures, and 5 culverts were surveyed.  

Additional detail regarding the survey data is discussed in Sections 3.2 and 3.4.  All survey data 

are provided in Appendix C. 

REPORT ORGANIZATION 

This report is organized into five sections.  Section 1 provides introductory and background 

information.  Sections 2 and 3 explain the development of the hydrologic and hydraulic models, 

respectively.  Section 4 describes the development of revised floodplain mapping based on the 
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analysis results.  Section 5 summarizes the results and conclusions of the analysis.  As stated 

previously, all figures referenced in the report are provided in Appendix A.  Appendix B provides 

select photographs collected during site reconnaissance and during the survey.  Survey data are 

provided in tabular format in Appendix C.  Appendix D contains the revised floodplain mapping 

in a detailed topographic work map.  Electronic copies of all data are provided on a USB drive. 

DATUMS 

Unless otherwise indicated, all geographic and spatial data used in this study referenced to the 

horizontal datum of North American Datum (NAD) 1983 Oregon State Plane North, international 

feet (FIPS 3601) and the vertical datum of NAVD 1988, feet.  

2 HYDROLOGIC MODELING 

Hydrologic modeling for the project was carried out in two steps, each utilizing HEC-HMS.  The 

first step computed inflow hydrographs for the 11 small subbasins located along the steep slopes 

southwest of the District.  Each of these subbasins lie outside the levee protected area and were 

accounted for in the analysis as lateral inflows to the hydraulic model domain.  The second step 

utilized HEC-HMS to determine the excess runoff depth from the design storm for the levee 

protected area.  This was applied as uniform rainfall on the 2D model domain and routed through 

the system using 2D hydraulics.  Figure 2 shows a map of the modeled subbasins. 

PRECIPITATION 

Two storm events were considered for the study.  The first event is based on observed 

precipitation that occurred in February 1996, which was used for hydraulic model calibration.  

The second event considered is the 1% annual chance storm, which is a synthetic event used to 

model levee system performance and develop the resulting flood inundation extents. 

FEBRUARY 1996 STORM EVENT 

Precipitation data were obtained from the rainfall gage 454769 located in Longview, Washington, 

which is located across the Columbia River approximately five miles to the north-east.  Due to its 
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close proximity, this gage has similar hydrologic characteristics, which allows for use of the data 

without adjustment.  The precipitation data were available in 1-hour increments.  Information 

for the February 1996 event is summarized in Table 1.   

Table 1 – February 1996 Precipitation Event 

Event Start 
Date/Time 

Event End 
Date/Time 

Storm 
Duration 
(hours) 

Maximum 24-hr 
Precipitation 

(inches) 

Total 
Precipitation 

(inches) 
02/05/1996 00:00 02/09/1996 00:00 96 2.6 6.6 

 

The precipitation hyetograph for the February 1996 event is provided in Figure 3. 

1% ANNUAL CHANCE PRECIPITATION EVENTS 

Four 1% annual chance synthetic storm events were evaluated to determine the appropriate 

storm duration, including the 24-, 48-, 72-, and 96-hour events.  The precipitation depths for the 

evaluated storm events are provided in Table 2.  For each storm duration considered, the total 

depth was distributed using an SCS Type 1A (SCS, 1982) distribution.  The temporal precipitation 

distributions for these storm events are shown in Figure 4.     

Table 2 – Summary of 1% Annual Chance Precipitation Events 
Storm Duration 

(hours) 
Total Precipitation 

(inches) Data Source 

24 5.1 Oregon Department of Transportation (2008) 
48 9.4 Soil Conservation Service (1964) 
72 11.4 Soil Conservation Service (1964) 
96 12.5 Soil Conservation Service (1964) 

 

PRECIPITATION LOSSES 

Infiltration, interception, and storage are collectively referred to as precipitation losses.  The SCS 

Curve Number method (SCS, 1985) was used to determine precipitation losses for this study.  

Spatially-variable Curve Numbers (CNs), were determined using ArcGIS geospatial analysis of 

shapefiles representing land cover and hydrologic soil groups.  The existing land cover for the 

modeled area was defined based on inspection of aerial photography and notes taken during site 
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reconnaissance.  The land cover classes identified within the study area are summarized in     

Table 3.  A spatial representation of the land cover classes is shown in Figure 5. 

Table 3 – Land Cover and SCS Runoff Curve Numbers 

Land Cover Description 
Curve Number Based on Hydrologic Soil Group 

A B C D 
Residential, 1-acre lots (20% impervious) 51 68 79 84 

Evergreen Forest 30 55 70 77 
Impervious (road/pavement/ditch) 83 89 92 93 

Cultivated Row Crops 60 72 80 84 
Industrial (72% impervious) 81 88 91 93 

 

The Hydrologic Soil Groups (HSGs) help determine the runoff potential of soil.  The four HSGs are 

classified as A, B, C, and D, where HSG A has the smallest runoff potential (high infiltration rates) 

and HSG D has the largest runoff potential (low infiltration rates).  The spatial extents of each 

HSG within the study area were obtained from the NRCS (2014).  A map of the HSGs is provided 

in Figure 6.  HSG C/D (indicating relatively high runoff potential) is found in the majority of the 

low-lying areas within the District, while HSG C is more common for the small steep drainages 

located along the southwest edge of the District.  

CNs were determined for the study area using guidance from Urban Hydrology for Small 

Watersheds TR-55 (NRCS, 1985).  Each subbasin’s composite CN was determined using area-

weighted averaging of land use and HSG.  The composite CNs are summarized in Table 4.  Figure 

7 shows the spatial distribution of the CNs in the study area. 
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Table 4 – Subbasin Composite Curve Numbers 
Subbasin  
Number 

Subbasin Area 
(square miles) Composite CN 

1 1.66 82 
2 0.30 83 
3 0.13 80 
4 0.28 65 
5 0.29 72 
6 0.10 69 
7 0.16 69 
8 0.12 71 
9 0.21 72 

10 0.15 70 
11 0.14 70 
12 0.15 70 
13 0.12 70 
14 0.15 70 

 

TRANSFORMATION METHOD 

Excess precipitation was transformed into surface runoff using the SCS Standard Unit Hydrograph 

method.  This transformation approach requires the computation of subbasin lag time.  The 

standard method for determining a subbasin’s lag time is to first compute a time of 

concentration, then convert that to a lag time by multiplying by 0.6.  Time of concentration for a 

subbasin is the summation of time necessary for runoff to travel from the hydraulically most 

distant point of a subbasin to its outlet.  Typically, water moves through each subbasin as sheet 

flow, shallow concentrated flow, and channel flow, or some combination of these.  Time of 

concentration was calculated for each of these elements for all subbasins.  A summary of 

computed lag times is provided in Table 5.  Lag time was not computed for subbasins 1, 2, and 3 

because excess precipitation on the 2D domain was handled differently, which is explained in 

Section 3.  
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Table 5 – Subbasin Lag Time 
Subbasin  
Number 

Lag Time  
(min) 

1 N/A 
2 N/A  
3 N/A 
4 13.6 
5 7.2 
6 16.4 
7 25.2 
8 10.7 
9 10.4 

10 21.6 
11 28.4 
12 28.8 
13 27.2 
14 14.1 

 

HYDRAULIC MODEL INFLOWS 

LATERAL INFLOWS 

Runoff hydrographs from the 11 small subbasins (numbered 4 through 14) located along the 

southwest edge of the District were defined in the 2D hydraulic model domain as inflow boundary 

conditions. 

DIRECT PRECIPITATION 

Subbasins 1, 2, and 3 represent the total area of the 2D hydraulic model domain.  The hydrology 

for these subbasins was determined using HEC-HMS to compute precipitation losses due to 

interception and infiltration. The excess precipitation computed by HEC-HMS was then used to 

define the uniform precipitation input data for the 2D hydraulic model domain.     

 

3 HYDRAULIC MODELING 

HEC-RAS version 5.0.7 was used to develop a fully 2D hydraulic model of the District.  The 

hydraulic model was used to determine the extents of flooding within the District that are greater 
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than 1 foot in depth for the 1% annual chance storm event.  Each of the differing duration 

synthetic storms and the 1996 storm event were analyzed.  Model results indicate that the 96-

hour rainfall event produces the greatest flooding extents and was therefore selected as the base 

flood event for the District.    

TERRAIN DATA 

Terrain data encompassing the study area were obtained from the Oregon Department of 

Geology and Mineral Industries LiDAR Data Quadrangle Series.  Data from three quadrangles 

were required to cover the entire study area: 46122-A8, 46123-A1, and 46123-B1.  The LiDAR 

data were collected by Watershed Sciences between April and September of 2010 for the U.S. 

Army Corps of Engineers, Portland District and were then published by DOGAMI in 2012 

(DOGAMI, 2012).  The data are in grid format with a horizontal resolution of one meter.   

CHANNELS 

Rinearson Slough is the primary drainage channel located inside the District.  The slough 

meanders through the study area from southeast to northwest, terminating at the single pump 

station located at the northwest corner of the District.  Multiple smaller channels and ditches 

have been engineered over time to facilitate drainage of the levee protected area.  Whereas 

Rinearson Slough averages six to eight feet of depth and follows a meandering path, most of the 

smaller ditches are only two to three feet deep and tend to align with other features such as 

roadways or property lines.   

Surveyed cross section data were collected at 21 locations along Rinearson Slough in order to 

accurately characterize its geometry.  The survey data indicate that the slough is generally 

uniform in cross section shape and depth.  As such, the collected survey data were used to 

develop an interpolated channel shape along the entire length of the slough.  This was 

accomplished in RAS Mapper utilizing carefully placed breaklines and bank stations.  The 

interpolated channel surface was then combined with the LiDAR data to create a terrain surface 

that represents the study area. 
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Hydraulic roughness characteristics for Rinearson Slough and the contributing ditches and 

channels were estimated from observations made during site reconnaissance.  The lower slough, 

between Highway 433 and the pump station, generally contained low to moderately dense 

vegetation (typically blackberry and grass) along the channel banks.  Upstream of Highway 433, 

the slough is smaller, shallower, and contained a higher density of vegetation along the channel 

banks.  Table 6 summarizes the Manning’s n roughness values assigned to Rinearson Slough. 

Table 6 – Manning's n Roughness Values - Rinearson Slough 

Land Cover / Feature Manning’s n 

Lower Slough – 6’ to 8’ depth, low to 
moderately dense vegetation 0.055 

Upper Slough – 2’ to 3’ depth, 
moderate to high density vegetation 0.06 

 

OVERLAND FLOW 

As with the flow in the channels, hydraulics of the overbank flows was computed in the 2D 

domain.  Roughness characteristics for the overbank areas were estimated from observations 

made during the site reconnaissance and with the assistance of available aerial photography.  

Table 7 summarizes the Manning’s n roughness values assigned for the various land cover types 

contained in the overbank flow areas.  A map of the Manning’s roughness values for the entire 

study area is provided in Figure 8. 

Table 7 – Manning's n Roughness Values - Overland Flow 

Land Cover / Feature Manning’s n 

Brush 0.06 
Forested 0.08 

Levee/Pavement 0.03 
Open Field - Grass/Crops 0.035 
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STRUCTURES 

A total of five structures were defined in the model geometry for Rinearson Slough; two bridges, 

and five culverts.  The two bridges area located in the lower reach of the slough, one located 

immediately upstream from the pump station, and a second located at Amundson Road, 

approximately 1.5 miles upstream.  Both bridges are reinforced concrete slab construction, 

supported by two interior bents with circular piers.  The piers are aligned with the direction of 

flow.  For both bridges, the crossings were modeled using the SA/2D Connection option in HEC-

RAS.  The bridge openings were simulated with multiple large box culverts with sizes and 

dimensions which closely mimicked the surveyed openings beneath each bridge structure.  This 

approach was selected because HEC-RAS is currently not capable of modeling bridges in 2D under 

high flow conditions where the low chord of the bridge deck is partially or fully submerged.  At 

both bridge crossings, water does not overtop the bridge deck during the 1% annual chance flood. 

The five culverts located along Rinearson Slough were similarly modeled using SA/2D 

Connections.  Most of these structures are overtopped during the base flood event.  The 

overtopping was modeled using the normal 2D equations.  The culverts were of a variety of 

shapes and sizes, ranging from large double box culverts (Lowe Road) to much smaller corrugated 

metal pipe culverts (Rock Crest and Mill Streets). 

There are also additional culverts located along the smaller drainage ditches and channels, 

primarily carrying private driveways or connecting adjoining ditches through local high ground.  

These culverts were not surveyed as part of this evaluation.  For each of the locations where a 

culvert was identified, primarily through aerial photography and examination of the terrain and 

drainage paths, a suitable sized culvert was added to the model geometry.  All of these culverts 

were modeled as concrete pipes not more than two feet in diameter.  The addition of these 

culverts improved the hydraulic behavior of the smaller drainage paths.  

PUMP STATION 

The single pump station for the drainage system is located at the northwest corner of the District.  

It discharges into a remnant of Rinearson Slough that connects directly to the Columbia River.  
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The pump station contains two mixed-flow, single-stage pumps.  The first is powered by a 100-

hp electric motor; the second by a 200-hp electric motor.  Pump characteristics were provided 

by RDIC, however detailed performance data for the older, 200-hp pump was not available.  

WEST contacted the pump supply company that installed the pumps in RDIC, Triangle Pump and 

Equipment, Inc. located in Battleground Washington, to see if they had records for the larger 

pump.  Although they had no records, they were able to provide specifications for a similar pump 

of the same size and vintage that were used for the 200-hp pump.  Figure 9 provides the 

performance curves used for the two pumps. 

The RDIC pumps are controlled by a series of floats located under the pump station.  These floats 

activate switches that turn the pumps turn on and off depending on the water surface elevation 

in the pump station forebay.  The control settings are summarized in Table 8. 

Table 8 – Pump Control Settings 

Pump Pump On Water 
Surface Elevation (ft) 

Pump Off Water 
Surface Elevation (ft) 

100-hp 3.21 2.71 
200-hp 3.41 2.91 

 

INITIAL CONDITIONS AND BOUNDARY CONDITIONS 

Hydraulic model simulations require establishing appropriate initial conditions and boundary 

conditions.  For the two hydrologic events simulated in this analysis, the 1996 flood and the 1% 

annual chance flood event, it was necessary to set the tailwater condition for the pump station.  

During the 1996 flood event, stage data were recorded at the USGS gaging station located in 

Vancouver, WA.  These data were adjusted for RDIC according to its relative location along the 

Columbia River using the FEMA flood profile pulished in the effective Columbia County Flood 

Insurance Study.  The peak Columbia River stage of the 1996 flood event at RDIC was estimated 

to be approximately 19.4 feet.  The daily stage hydrograph is provided in Table 9.  For the 1% 

annual chance flood event, the base flood elevation published in the effective Flood Insurance 

Study was used to set the tailwater elevation at 18.8 feet.   
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Table 9 – 1996 Columbia River Stages at RDIC 

Date/Time Simulation Time 
(hr) 

Water Surface 
Elevation (ft) 

04 February 1996 2300 0 9.5 
05 February 1996 2300 24 10.0 
06 February 1996 2300 48 11.0 
07 February 1996 2300 72 13.0 
08 February 1996 2300 96 18.2 
09 February 1996 2300 120 19.4 
10 February 1996 2300 144 19.1 
11 February 1996 2300 168 18.2 

 

Initial conditions within RDIC assumed a static water surface elevation within Rinearson Slough 

of 3.2 feet.  As there are no recording stage gages within RDIC, this elevation corresponds with 

the water surface depicted in the most recent LiDAR terrain data. 

SIMULATION PARAMETERS 

Simulation parameters for model computations were set as shown in Table 10. 

Table 10 – Simulation Parameters 

Parameter 1996 Flood Event 1% Annual Chance 
Flood Event 

Simulation Duration 168 hours 108 hours 
Computation Interval Courant Controlled Courant Controlled 
Minimum Timestep 15 seconds 15 seconds 
Maximum Timestep 2 minutes 2 minutes 

2D Solution Equation Diffusion Wave Diffusion Wave 
 

MODEL CALIBRATION 

Calibration of the hydraulic model was not possible due to the lack of recorded stage 

measurements or aerial photography of historic events such as the 1996 flood.  Alternatively, 

model results for the 1996 flood simulation were provided to RDIC for dissemination to residents 

that were present during that event.  Anecdotal responses from the residents indicated that the 

model was predicting flood extents that were similar to their observations.  Therefore, it was 

concluded that the hydraulic model would produce reasonable results for the 1996 and base 

flood events. 
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4 MODEL RESULTS AND FLOOD HAZARD MAPPING 

The modeled simulations produced gridded output of water surface elevations witin the 2D 

domain.  The water surface elevations were used to map the inundation extents for the 1% 

annual chance flood event.   

Flood hazard modeling conducted with 2D hydraulic analyses are not readily compatible with 

traditional FEMA flood hazard mapping methodologies, which were developed for 1D hydraulic 

analyses.  WEST developed a methodology for adapting the high-resolution 2D inundation data 

into a final flood hazard mapping product that conforms to FEMA specifications.  GIS analysis 

tools were used to resample the model output using an inverse distance-weighted interpolation 

method.  The output was a continuous water surface elevation grid at the same resolution as the 

underlying 1-meter terrain grid.  The terrain grid was then subtracted from the water surface grid 

to generate a depth grid and inundation extent.  The depth grid was then filtered to remove areas 

with depths less than one foot.   

The initial mapping results contained numerous small ponds due to water collecting in localized 

terrain depressions.  The abundance of these small ponds and their large variation in water 

surface elevations would make producing flood hazard maps that conform with FEMA standards 

nearly impossible due to the density of elevation and zone labels which would result in nearly 

illegible maps.  In the absence of published guidance from FEMA, inquiries regarding appropriate 

mapping resolution were made to staff at FEMA headquarters and at Region 10.  FEMA staff 

responded that there was no formal guidance regarding mapping resolution and that it was a 

matter to be decided by the mapping partner.  Subsequent dialogue with Columbia County 

indicated that they would defer to WEST, so long as the resulting produce was accurate and 

acceptable to FEMA.  WEST selected a mapping resolution of 10,000 square feet (a value 

equivalent to an area measuring 100 feet by 100 feet).  This conclusion was based primarily on 

the limited resolution and accuracy of rainfall data and the approximated performance 

specifications for the 200-hp pump.   

The mapped flood extents for the 1% annual chance flood event are shown in Figure 10.  A 

detailed topographic workmap, which includes additional detail and static water surface 
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elevations, is provided in Appendix D.  All areas inundated by the 1% annual chance flood event 

are mapped as “Zone AE” with static base flood elevations.  Areas not inundated by the 1% annual 

chance flood, but which are still within the levee protected area, retained their mapping limits 

and designation as “Zone X, Area with Reduced Flood Risk Due to Levee”. 

5 SUMMARY 

A study was conducted to evaluate the interior drainage conditions within the RDIC levee-

protected area and produce flood hazard mapping in accordance with FEMA guidelines.  To 

accomplish this goal, hydrologic and hydraulic modeling were used to analyze the drainage 

system.  Hydrologic and hydraulic models were created to represent current conditions based on 

the most recently available topographic and land cover information.  Survey data of the channels 

and hydraulic structures were also collected and used to develop the hydraulic model.  The 

hydraulic model was then used to analyze the synthetic 1% annual chance flood event based on 

a 96-hour SCS Type 1A storm distribution.  The simulation results were used to identify and map 

areas inundated by flood water depths greater than or equal to one foot and to identify the base 

flood elevations for the inundated areas. 
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FIGURES 



 

 
Figure 1 - Project Location Map  



 

 
Figure 2 – Map of Hydrologic Subbasins  



 

 
Figure 3 – Precipitation Hyetograph for 1996 Flood  



 

 
Figure 4 – Temporal Precipitation Distributions for Synthetic 1% Annual Chance Flood Durations  



 

 
Figure 5 – Map of Land Cover Classes  



 

 
Figure 6 – Map of Hydrologic Soil Groups  



 

 
Figure 7 – Map of Composite Curve Numbers  



 

 
Figure 8 – Map of Manning’s n Roughness  



 

 
Figure 9 – Performance Curves for RDIC Pumps  
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Figure 10 – Map of 1% Annual Chance Flood Extents 
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Staff Gage in pump station forebay Facing upstream from levee access bridge 
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Facing downstream from levee access bridge View of RDIC interior from levee, typical in lower portion of District 

 
Facing upstream from Amundson Road bridge Upstream face of Amundson Road bridge from right bank 
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Facing downstream along Amundson Road Double arch culvert at Lowe Road crossing 

  
Abandoned crossing at end of Barton Road, from downstream Abandoned crossing at end of Barton Road, from upstream 
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Culvert at Young Road, from upstream right bank Lewis & Clark Bridge approach road, culvert outlet from left bank 

  
Lewis & Clark Bridge approach road, culvert inlet from left bank Facing upstram from Lewis & Clark Bridge approach road culvert inlet 
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Rock Crest Street culvert, facing upstream from culvert inlet Rock Crest Street culvert inlet detail 

  
Mill Street culvert, upstream face from channel Mill Street culvert, inlet detail 

 



 

 

 

APPENDIX C 

SURVEY DATA 

  



 

 

Survey Data for RDIC – Collected on 5/15/19 and 5/16/19 

All data is in NAVD88 and State Plane Oregon North 

ID Northing Easting Elevation Descr  ID Northing Easting Elevation Descr 
1000 894673.94 7578518.424 24.88 ac  1060 894929.903 7577101.19 20.408 gr 
1001 894688.499 7578521.476 23.086 gr  1061 894937.774 7577103.55 16.525 gr 
1002 894702.925 7578523.63 20.493 gr  1062 894947.504 7577105.2 11.993 gr 
1003 894712.946 7578525.054 18.925 gr  1063 894953.87 7577105.11 10.371 gr 
1004 894716.367 7578524.916 16.814 gr  1064 894957.47 7577106.46 9.608 gr 
1005 894718.906 7578524.846 15.931 gr  1065 894963.714 7577108.1 8.799 gr 
1006 894719.838 7578524.858 14.982 gr  1066 894967.908 7577110.49 8.806 gr 
1007 894721.345 7578525.62 14.851 gr  1067 894968.532 7577110.31 8.663 gr 
1008 894721.533 7578525.781 13.946 lew  1068 894969.374 7577110.18 7.714 lew 
1009 894721.745 7578525.785 13.507 ch  1069 894969.024 7577110.36 6.664 ch 
1010 894722.821 7578525.905 13.09 ch  1070 894969.731 7577110.15 6.901 ch 
1011 894724.757 7578526.211 12.559 ch  1071 894971.603 7577110.25 6.927 ch 
1012 894727.289 7578525.909 12.921 ch  1072 894971.774 7577110.41 7.782 rew 
1013 894729.273 7578525.336 13.947 rew  1073 894971.846 7577110.49 8.694 gr 
1014 894731.55 7578526.156 14.599 gr  1074 894976.457 7577112.18 8.856 gr 
1015 894737.153 7578526.974 14.621 gr  1075 894984.819 7577113.96 9.119 gr 
1016 894750.405 7578530.526 14.917 gr  1076 894990.612 7577115.75 9.538 gr 
1017 894774.357 7578536.357 15.261 gr  1077 894992.899 7577117.45 9.601 gr 
1018 894728.22 7578502.659 15.192 cultop  1078 894998.093 7577116.79 10.266 gr 
1019 894727.95 7578502.373 13.68 culinv  1079 895008.874 7577119.5 10.361 gr 
1020 894759.479 7578422.694 15.503 gr  1080 895014.889 7577119.32 9.233 gr 
1021 894749.722 7578422.557 15.23 gr  1081 895022.065 7577121.05 9.051 gr 
1022 894745.524 7578422.054 15.109 gr  1082 894962.53 7577154.98 6.766 culinv 
1023 894743.746 7578420.918 13.749 gr  1083 894983.087 7577217.76 20.306 rd 
1024 894741.336 7578420.641 12.92 rew  1084 894949.388 7577205.69 22.387 rd 
1025 894740.161 7578419.861 12.577 ch  1085 894917.204 7577193.66 24.03 rd 
1026 894737.204 7578419.373 12.326 ch  1086 895675.744 7576037.2 2.964 culinv 
1027 894734.918 7578418.512 12.544 ch  1087 895673.922 7576038.67 6.691 cultop 
1028 894734.298 7578418.492 12.929 lew  1088 895711.893 7576107.65 13.253 gr 
1029 894732.69 7578417.963 13.954 gr  1089 895704.514 7576100.45 12.895 gr 
1030 894728.21 7578418.051 15.719 gr  1090 895694.945 7576091.69 11.378 gr 
1031 894724.319 7578417.064 16.577 gr  1091 895686.45 7576086.56 10.687 gr 
1032 894735.938 7578431.551 12.743 culinv  1092 895679.416 7576082.69 9.419 gr 
1033 894736.375 7578431.12 14.259 cultop  1093 895672.926 7576078.52 7.708 gr 
1034 894712.267 7578414.301 18.898 gr  1094 895669.078 7576075.69 6.626 gr 
1035 894707.276 7578413.23 21.097 gr  1095 895669.288 7576075.38 6.338 rew 
1036 894701.406 7578411.791 24.149 gr  1096 895668.645 7576075.92 4.224 ch 
1037 894686.202 7578408.985 25.151 ac  1097 895663.64 7576073.16 3.908 ch 
1039 894888.563 7577255.747 24.83 ac  1098 895660.349 7576070.96 4.152 ch 
1040 894900.611 7577258.058 22.845 gr  1099 895657.295 7576070.73 4.177 ch 
1041 894910.576 7577259.154 20.161 gr  1100 895654.514 7576067.34 4.365 ch 
1042 894917.674 7577261.413 17.48 gr  1101 895654.738 7576068.93 6.325 lew 
1043 894923.005 7577264.111 15.633 gr  1102 895651.465 7576068.57 7.053 gr 
1044 894925.966 7577265.184 14.338 gr  1103 895646.588 7576066.43 11.351 gr 
1045 894933.06 7577266.374 11.979 gr  1104 895641.4 7576067.26 14.312 gr 
1046 894936.368 7577267.654 10.693 gr  1105 895635.891 7576059.22 16.219 gr 
1047 894937.825 7577268.767 9.698 gr  1106 895613.275 7576057.55 17.711 gr 
1048 894940.214 7577269.641 8.313 gr  1107 895616.146 7576061.35 17.178 gr 
1049 894943.329 7577270.718 8.292 gr  1108 895609.11 7576049.98 18.745 gr 
1050 894943.405 7577270.612 8.178 lew  1109 895603.205 7576039.49 19.15 gr 
1051 894943.966 7577271.194 7.925 ch  1110 895577.017 7576030.39 21.237 gr 
1052 894945.916 7577270.658 8.196 rew  1111 895552.307 7576017.11 23.008 gr 
1053 894946.418 7577271.89 8.362 gr  1112 895532.575 7575996.42 24.842 gr 
1054 894950.219 7577272.826 10.039 gr  1113 895524.377 7575984.94 29.242 gr 
1055 894954.52 7577274.652 10.554 gr  1114 895880.396 7575726.31 3.013 culinv 
1056 894968.808 7577282.028 10.659 gr  1115 895880.276 7575726.79 6.855 cultop 
1057 894947.986 7577242.464 7.635 culinv  1116 895961.289 7575731.46 7.631 gr 
1058 894910.339 7577098.557 25.008 gr  1117 895949.14 7575726.86 8.206 gr 
1059 894923.482 7577100.182 22.548 gr  1118 895939.48 7575719.81 6.753 gr 
ID Northing Easting Elevation Descr  ID Northing Easting Elevation Descr 
1119 895932.536 7575717.268 6.525 gr  1183 896945.913 7572975.81 7.089 gr 
1120 895922.278 7575708.917 7.572 gr  1184 899350.655 7568431.37 2.732 culinv 



 

 

1121 895912.15 7575700.669 7.935 gr  1185 899350.593 7568431.51 6.705 cultop 
1122 895906.703 7575697.295 6.583 gr  1186 899355.082 7568434.48 2.742 culinv 
1123 895905.572 7575696.952 6.335 rew  1187 899355.343 7568434.71 6.673 cultop 
1124 895905.43 7575696.908 3.41 ch  1188 899375.157 7568481.64 10.103 gr 
1125 895903.935 7575695.731 3.792 ch  1189 899363.279 7568476.48 10.125 gr 
1126 895901.704 7575695.086 4.303 ch  1190 899356.408 7568473.94 9.644 gr 
1127 895897.653 7575691.333 3.644 ch  1191 899354.39 7568472.66 8.165 gr 
1128 895896.396 7575691.148 3.124 ch  1192 899351.537 7568473.96 4.582 gr 
1129 895895.374 7575690.636 6.314 lew  1193 899350.657 7568473.65 3.747 rew 
1130 895894.949 7575690.455 7.072 gr  1194 899348.939 7568473.65 2.42 ch 
1131 895891.644 7575688.272 8.683 gr  1195 899347.027 7568473.4 1.868 ch 
1132 895886.23 7575682.878 9.363 gr  1196 899342.924 7568471.57 0.895 ch 
1133 895879.512 7575677.508 9.461 gr  1197 899338.982 7568470.2 0.177 ch 
1134 896948.25 7573022.423 7.058 gr  1198 899335.314 7568469.03 -0.25 ch 
1135 896931.343 7573009.58 6.95 gr  1199 899331.78 7568467.05 -0.82 ch 
1136 896918.658 7573001.434 5.898 gr  1200 899326.456 7568465 -1.056 ch 
1137 896913.953 7572998.793 5.479 gr  1201 899319.582 7568461.62 -0.36 ch 
1138 896912.247 7572996.772 4.425 gr  1202 899315.615 7568459.26 1.15 ch 
1139 896911.499 7572996.978 3.901 rew  1203 899310.239 7568457.59 2.653 ch 
1140 896910.919 7572996.074 2.64 ch  1204 899307.707 7568455.66 3.537 ch 
1141 896908.795 7572994.678 2.098 ch  1205 899304.254 7568453.21 3.677 lew 
1142 896905.651 7572993.342 0.16 ch  1206 899298.018 7568449.51 4.749 gr 
1143 896902.935 7572990.58 -0.339 ch  1207 899290.149 7568443.83 6.357 gr 
1144 896898.407 7572988.147 0.686 ch  1208 899284.062 7568440.25 8.087 gr 
1145 896896.888 7572987.069 2.245 ch  1209 899271.945 7568432.53 8.49 gr 
1146 896896.902 7572987.011 2.781 ch  1210 899258.648 7568424.65 7.866 gr 
1147 896897.221 7572987.32 3.911 lew  1211 899360.501 7568415.15 2.517 culinv 
1148 896895.618 7572986.166 5.372 gr  1212 899360.466 7568415.22 6.46 cultop 
1149 896893.464 7572985.233 6.546 gr  1213 899364.777 7568417.96 2.75 culinv 
1150 896888.165 7572981.284 7.638 gr  1214 899364.673 7568417.98 6.775 cultop 
1151 896881.778 7572978.15 7.736 gr  1215 899315.172 7568345.94 7.911 gr 
1152 896877.999 7572973.505 7.413 gr  1216 899324.559 7568352.31 7.919 gr 
1153 896916.384 7572968.737 3.606 culinv  1217 899332.579 7568356.27 7.6 gr 
1154 896916.494 7572968.755 7.593 cultop  1218 899339.503 7568360.25 5.668 gr 
1155 896927.591 7572950.948 6.931 cultop  1219 899344.46 7568363.19 4.221 gr 
1156 896927.736 7572950.929 2.819 culinv  1220 899348.336 7568365.95 3.995 gr 
1157 896916.721 7572902.859 7.73 gr  1221 899348.858 7568366.17 3.665 lew 
1158 896925.868 7572907.794 7.903 gr  1222 899352.027 7568367.32 3.48 ch 
1159 896934.592 7572911.487 7.14 gr  1223 899354.519 7568369.46 3.073 ch 
1160 896935.879 7572911.549 5.904 gr  1224 899355.409 7568370.03 1.633 ch 
1161 896936.324 7572912.194 5.034 gr  1225 899362.905 7568371.6 0.43 ch 
1162 896936.8 7572912.213 3.727 lew  1226 899366.053 7568373.13 -0.491 ch 
1163 896937.715 7572912.649 3.153 ch  1227 899369.461 7568374.94 -0.613 ch 
1164 896940.312 7572913.876 2.748 ch  1228 899376.574 7568379.87 1.047 ch 
1165 896941.612 7572914.511 2.31 ch  1229 899380.157 7568382.56 0.498 ch 
1166 896943.454 7572915.651 2.623 ch  1230 899385.001 7568386.74 0.717 ch 
1167 896945.22 7572916.551 2.413 ch  1231 899387.28 7568387.35 1.55 ch 
1168 896948.246 7572917.843 2.506 ch  1232 899389.888 7568390.1 2.744 ch 
1169 896951.132 7572918.885 2.572 ch  1233 899390.588 7568390.79 3.669 rew 
1170 896952.063 7572919.429 2.611 ch  1234 899391.654 7568391.98 4.729 gr 
1171 896954.627 7572920.128 2.019 ch  1235 899394.297 7568394.4 6.697 gr 
1172 896957.04 7572922.568 3.08 ch  1236 899396.258 7568396.01 8.058 gr 
1173 896957.612 7572922.324 3.728 rew  1237 899399.836 7568399.43 9.039 gr 
1174 896958.073 7572922.933 4.755 gr  1238 899407.287 7568402.28 9.824 gr 
1175 896959.662 7572923.437 5.842 gr  1239 899385.368 7568442.28 9.845 gr 
1176 896962.173 7572923.766 7.204 gr  1240 899366.53 7568430.31 10.151 gr 
1177 896964.581 7572925.214 7.86 gr  1241 899356.669 7568424.49 9.631 gr 
1178 896973.365 7572928.931 8.195 gr  1242 899340.446 7568413.72 8.657 gr 
1179 896900.547 7572945.129 7.477 gr  1243 899323.443 7568402.52 7.942 gr 
1180 896915.534 7572955.029 7.854 gr  1244 899312.093 7568395.75 7.959 gr 
1181 896922.84 7572960.138 8.146 gr  1245 897594.51 7570465.41 7.974 gr 
1182 896937.776 7572970.235 7.395 gr  1246 897575.099 7570459.15 8.646 gr 

  



 

 

ID Northing Easting Elevation Descr  ID Northing Easting Elevation Descr 
1247 897564.125 7570455.184 8.297 gr  1311 897608.354 7570258.96 0.579 ch 
1248 897558.959 7570453.137 6.472 gr  1312 897605.233 7570257.89 1.09 ch 
1249 897556.095 7570452.184 4.726 gr  1313 897600.794 7570256.19 1.275 ch 
1250 897555.078 7570452.253 3.829 rew  1314 897595.816 7570255 1.598 ch 
1251 897555.028 7570452.265 3.047 ch  1315 897590.186 7570253.33 2.284 ch 
1252 897553.94 7570451.557 2.381 ch  1316 897586.888 7570251.97 2.646 ch 
1253 897551.107 7570451.376 1.551 ch  1317 897582.395 7570251.15 3.043 ch 
1254 897548.965 7570450.93 0.138 ch  1318 897576.621 7570248.88 3.438 ch 
1255 897544.721 7570449.212 -0.582 ch  1319 897572.59 7570247.42 3.798 lew 
1256 897539.827 7570447.303 -0.936 ch  1320 897569.27 7570246.81 4.024 gr 
1257 897535.719 7570445.888 -0.563 ch  1321 897562.717 7570243.98 4.38 gr 
1258 897531.261 7570444.073 0.495 ch  1322 897557.219 7570240.27 5.762 gr 
1259 897526.455 7570442.211 0.691 ch  1323 897551.221 7570233.83 7.317 gr 
1260 897519.663 7570440.103 1.361 ch  1324 897538.593 7570222.55 7.695 gr 
1261 897515.315 7570439.406 2.079 ch  1325 897519.191 7570214.03 9.087 gr 
1262 897510.941 7570438.425 2.812 ch  1326 900894.119 7565931.16 10.121 gr 
1263 897506.292 7570436.803 3.025 ch  1327 900907.021 7565915.5 10.167 gr 
1264 897501.92 7570436.287 3.45 ch  1328 900919.292 7565904.59 10.215 gr 
1265 897500.681 7570436.005 3.771 lew  1329 900924.515 7565898.1 10.219 gr 
1266 897498.014 7570435.585 4.541 gr  1330 900926.575 7565894.97 7.676 gr 
1267 897494.305 7570433.567 5.252 gr  1331 900928.227 7565891.34 6.268 gr 
1268 897490.81 7570431.593 6.827 gr  1332 900929.948 7565888.79 4.694 gr 
1269 897484.355 7570428.007 8.056 gr  1333 900932.727 7565883.67 3.801 gr 
1270 897479.027 7570424.136 7.974 gr  1334 900935.338 7565879.95 3.438 rew 
1271 897472.651 7570419.42 7.742 gr  1335 900939.411 7565874.42 2.732 ch 
1272 897477.461 7570343.458 11.086 gr  1336 900939.532 7565874.42 2.728 ch 
1273 897486.483 7570348.78 10.542 gr  1337 900941.24 7565871.61 1.983 ch 
1274 897502.309 7570360.924 9.949 gr  1338 900944.097 7565869.8 1.319 ch 
1275 897513.305 7570363.133 9.712 gr  1339 900946.385 7565865.65 -0.272 ch 
1276 897529.486 7570367.908 9.104 gr  1340 900948.195 7565862.94 -1.051 ch 
1277 897547.311 7570377.021 9.265 gr  1341 900951.312 7565859.27 -1.512 ch 
1278 897552.857 7570378.84 10.678 gr  1342 900955.431 7565854.15 -1.604 ch 
1279 897558.163 7570385.857 9.514 gr  1343 900958.749 7565851.03 -1.401 ch 
1280 897562.44 7570388.39 6.971 gr  1344 900963.974 7565845.51 -0.649 ch 
1281 897566.866 7570372.022 1.751 culsed  1345 900967.043 7565841.47 0.876 ch 
1282 897567.042 7570371.662 3.033 cultop  1346 900968.673 7565839.53 1.714 ch 
1283 897562.775 7570369.676 2.997 cultop  1347 900969.912 7565838.21 2.307 ch 
1284 897563.472 7570369.569 2.028 culsed  1348 900971.033 7565838.97 3.423 lew 
1285 897562.378 7570402.522 2.465 culsed  1349 900970.588 7565836.32 4.213 gr 
1286 897562.562 7570402.506 4.189 cultop  1350 900972.208 7565834.38 5.35 gr 
1287 897551.154 7570398.419 2.649 culsed  1351 900977.398 7565830.85 8.944 gr 
1288 897550.95 7570399.002 5.266 cultop  1352 900980.218 7565829.5 10.436 gr 
1289 897566.294 7570390.662 3.818 lew  1353 900984.024 7565828.63 10.911 gr 
1290 897566.929 7570390.993 3.426 ch  1354 903260.041 7564904.62 8.351 gr 
1291 897568.644 7570391.454 2.044 ch  1355 903282.778 7564914.65 8.141 gr 
1292 897570.452 7570393.723 1.337 ch  1356 903292.416 7564920.32 7.356 gr 
1293 897572.842 7570395.402 -0.068 ch  1357 903296.922 7564922.61 6.269 gr 
1294 897575.695 7570397.074 1.657 ch  1358 903301.41 7564925.66 4.477 gr 
1295 897577.377 7570398.715 2.269 ch  1359 903306.697 7564929.11 3.424 lew 
1296 897576.176 7570397.939 3.777 rew  1360 903307.441 7564929.89 2.898 ch 
1297 897578.134 7570398.831 5.057 gr  1361 903309.113 7564930.66 2.123 ch 
1298 897581.979 7570400.107 8.52 gr  1362 903313.672 7564931.88 1.399 ch 
1299 897583.467 7570400.781 9.186 gr  1363 903316.673 7564933.39 0.702 ch 
1300 897593.571 7570406.703 8.774 gr  1364 903321.935 7564935.45 0.536 ch 
1301 897612.693 7570420.198 8.207 gr  1365 903327.366 7564938.05 0.656 ch 
1302 897668.174 7570279.893 10.604 gr  1366 903332.534 7564940.64 0.269 ch 
1303 897650.453 7570273.965 10.992 gr  1367 903337.142 7564942.55 -0.086 ch 
1304 897634.653 7570268.836 9.676 gr  1368 903341.639 7564944.97 0.795 ch 
1305 897627.239 7570266.752 5.693 gr  1369 903347.07 7564947.23 1.879 ch 
1306 897625.08 7570265.806 3.808 rew  1370 903348.607 7564948.35 3.402 rew 
1307 897622.797 7570265.042 2.455 ch  1371 903351.546 7564949.84 4.076 gr 
1308 897621.478 7570263.506 1.982 ch  1372 903356.394 7564951.62 5.424 gr 
1309 897618.396 7570262.005 1.516 ch  1373 903361.417 7564955.15 6.436 gr 
1310 897614.123 7570260.267 1.581 ch  1374 903367.058 7564958.8 8.505 gr 

  



 

 

ID Northing Easting Elevation Descr  ID Northing Easting Elevation Descr 
1375 903372.861 7564961.544 9.432 gr  1440 903321.653 7564866.97 7.902 lc 
1376 903384.98 7564968.95 9.85 gr  1441 903326.969 7564869.38 7.945 lc 
1377 903397.472 7564973.433 10.291 ac  1442 903338.016 7564874.59 8.024 lc 
1378 903294.832 7564878.394 7.603 lcabt  1443 903349.187 7564879.96 8.041 lc 
1379 903294.821 7564878.38 7.111 grabt  1444 903361.014 7564885.26 7.97 lc 
1380 903309.689 7564885.26 7.87 lc  1445 903378.966 7564893.49 7.821 lc 
1381 903320.451 7564890.251 7.988 lc  1446 903388.887 7564898.17 7.677 lcabt 
1382 903331.982 7564895.606 8.045 lc  1447 903389.078 7564898.28 6.283 grabt 
1383 903346.844 7564902.54 8.016 lc  1448 903427.077 7564897.66 10.882 ac 
1384 903365.394 7564911.202 7.827 lc  1449 903417.705 7564894.27 10.145 gr 
1385 903378.621 7564918.084 7.587 lcabt  1450 903404.493 7564888.31 10.313 gr 
1386 903378.627 7564918.019 6.354 grabt  1451 903398.405 7564887.05 9.741 gr 
1387 903260.002 7564863.394 12.762 brr  1452 903394.494 7564887.03 8.43 gr 
1388 903260.321 7564863.118 10.509 ac  1453 903390.03 7564884.61 5.097 gr 
1389 903280.961 7564873.087 11.18 ac  1454 903386.184 7564883.48 4.134 gr 
1390 903281.227 7564873.312 11.517 toc  1455 903384.226 7564882.32 3.469 rew 
1391 903281.254 7564873.076 13.71 brr  1456 903373.132 7564875.74 1.462 ch 
1392 903292.056 7564878.126 14.02 brr  1457 903370.157 7564874.12 0.866 ch 
1393 903293.157 7564878.938 14.226 brr  1458 903365.15 7564872.35 1.115 ch 
1394 903292.749 7564878.851 12.1 toc  1459 903360.478 7564870.01 0.641 ch 
1395 903293.343 7564878.125 11.581 tod  1460 903355.034 7564867.64 0.399 ch 
1396 903312.83 7564887.693 11.918 tod  1461 903348.138 7564864.98 0.501 ch 
1397 903312.457 7564887.803 14.529 brr  1462 903340.557 7564862.01 0.887 ch 
1398 903313.149 7564888.773 12.41 toc  1463 903333.752 7564857.29 1.349 ch 
1399 903340.45 7564901.311 12.534 toc  1464 903328.908 7564853.81 2.419 ch 
1400 903340.61 7564901.071 14.654 brr  1465 903325.382 7564852.32 2.91 ch 
1401 903340.914 7564900.642 12.027 tod  1466 903320.513 7564852.37 3.413 ch 
1402 903360.459 7564909.901 11.827 tod  1467 903317.995 7564850.72 3.408 lew 
1403 903360.505 7564910.202 14.471 brr  1468 903313.871 7564849.23 5.564 gr 
1404 903360.73 7564911.01 12.347 toc  1469 903306.657 7564849.07 8.846 gr 
1405 903379.831 7564919.668 12.102 toc  1470 903299.648 7564847.24 10.364 gr 
1406 903379.513 7564919.284 14.222 brr  1471 903289.22 7564843.57 10.333 gr 
1407 903380.14 7564918.752 11.584 tod  1472 903275.102 7564838.15 10.266 gr 
1408 903400.054 7564929.105 13.381 brr  1473 905689.985 7559397.81 14.948 gr 
1409 903399.964 7564928.974 11.076 ac  1474 905681.616 7559408.54 14.876 gr 
1410 903279.433 7564845.907 13.104 brr  1475 905679.301 7559411.81 14.131 gr 
1411 903279.452 7564846.294 10.967 ac  1476 905675.851 7559410.96 13.442 lcabt 
1412 903302.327 7564857.261 11.598 tod  1477 905675.542 7559410.78 12.835 grabt 
1413 903302.222 7564856.426 11.806 toc  1478 905672.751 7559419.1 10.533 gr 
1414 903286.487 7564848.84 11.473 toc  1479 905670.021 7559422.26 8.662 gr 
1415 903302.444 7564856.656 12.067 toc  1480 905665.044 7559429.03 5.712 gr 
1416 903303.1 7564857.367 14.209 brr  1481 905662.592 7559431.06 4.186 gr 
1417 903327.357 7564868.139 14.53 brr  1482 905662.172 7559431.97 3.557 lew 
1418 903327.511 7564867.803 12.408 toc  1483 905660.876 7559433.49 2.586 ch 
1419 903327.279 7564868.455 11.902 tod  1484 905659.551 7559436.48 0.518 ch 
1420 903356.543 7564882.014 11.964 tod  1485 905656.338 7559441.23 0.194 ch 
1421 903356.742 7564881.828 14.586 brr  1486 905653.255 7559444.28 -1.226 chclpier 
1422 903356.909 7564881.546 12.427 toc  1487 905650.883 7559448.43 -1.4 ch 
1423 903390.921 7564897.477 12.17 toc  1488 905647.977 7559453.43 -1.795 ch 
1424 903390.057 7564897.093 14.28 brr  1489 905643.743 7559459.1 -0.082 ch 
1425 903390.577 7564898.319 11.603 tod  1490 905641.73 7559462.04 2.083 ch 
1426 903391.401 7564897.837 11.915 toc  1491 905641.124 7559463.17 3.551 rew 
1427 903402.017 7564902.657 11.607 toc  1492 905639.412 7559466.45 5.158 gr 
1428 903401.836 7564902.746 13.832 brr  1493 905636.39 7559471.48 8.035 gr 
1429 903413.479 7564906.669 13.38 brr  1494 905633.657 7559476.21 10.652 gr 
1430 903413.517 7564906.961 11.167 ac  1495 905632.434 7559480.69 11.526 gr 
1431 903232.098 7564837.507 9.499 rd  1496 905625.903 7559493.29 11.691 gr 
1432 903271.789 7564855.393 10.901 rd  1497 905619.65 7559505.65 11.456 gr 
1433 903297.279 7564867.482 11.664 rd  1498 905670.269 7559418.31 13.193 lc 
1434 903336.641 7564885.627 12.071 rd  1499 905662.435 7559429.51 12.602 lc 
1435 903371.308 7564901.927 11.874 rd  1500 905652.984 7559443.94 11.613 lcclpier 
1436 903419.012 7564923.419 11.027 rd  1501 905644.044 7559456.38 11.07 lc 
1438 903304.194 7564858.51 7.62 lcabt  1502 905634.886 7559470.11 10.19 lc 
1439 903304.445 7564858.381 7.023 grabt  1503 905630.718 7559476.24 9.718 lcabt 

  



 

 

ID Northing Easting Elevation Descr  ID Northing Easting Elevation Descr 
1504 905630.761 7559476.176 9.121 grabt  1562 905620.386 7559459.03 7.407 gr 
1505 905675.417 7559408.846 15.561 gr  1563 905616.082 7559465.1 10.202 gr 
1506 905675.404 7559409.129 16.339 toc  1564 905614.027 7559468.33 11.667 gr 
1507 905674.18 7559408.607 15.536 tod  1567 905605.609 7559479.27 11.892 gr 
1508 905662.471 7559425.734 14.574 tod  1568 905588.958 7559384.38 1.652 ch 
1509 905663.577 7559426.397 15.502 toc  1569 905588.833 7559379.73 3.203 ch 
1510 905649.888 7559446.277 14.3 toc  1570 905587.14 7559372.8 3.343 ch 
1511 905649.056 7559445.969 13.433 tod  1571 905584.228 7559368.66 3.508 lew 
1512 905636.855 7559464.474 13.295 toc  1572 905577.9 7559361.55 4.503 gr 
1513 905628.698 7559477.435 12.309 toc  1573 905567.546 7559350.66 5.148 gr 
1514 905628.472 7559477.633 12.196 gr  1574 905555.165 7559337.7 5.493 gr 
1515 905664.019 7559400.712 15.577 gr  1575 905543.998 7559329.09 7.526 gr 
1516 905663.531 7559400.894 16.307 toc  1576 905521.162 7559313.15 12.236 gr 
1517 905654.145 7559414.764 15.66 toc  1577 905513.553 7559306.69 13.623 gr 
1518 905655.24 7559415.414 14.74 tod  1578 905860.093 7559521.92 9.828 gr 
1519 905646.614 7559427.736 14.047 tod  1579 905857.774 7559516.58 8.469 gr 
1520 905645.732 7559426.98 14.968 toc  1580 905856.519 7559507.59 7.151 gr 
1521 905634.508 7559444.143 14.026 toc  1581 905856.014 7559501.62 6.638 gr 
1522 905635.824 7559443.511 13.145 tod  1582 905854.462 7559497.02 4.194 gr 
1523 905627.863 7559454.648 13.49 toc  1583 905854.382 7559495.74 3.555 rew 
1524 905627.831 7559454.58 12.589 tod  1584 905853.855 7559493.52 2.59 ch 
1525 905616.624 7559469.323 11.473 toc  1585 905853.072 7559491.19 0.988 ch 
1526 905616.578 7559469.455 11.388 gr  1586 905852.876 7559487.72 -1.201 ch 
1527 905662.579 7559400.567 13.484 lcabt  1587 905851.148 7559483.86 -2.682 ch 
1528 905662.534 7559400.625 12.985 grabt  1588 905850.064 7559479.24 -2.472 ch 
1529 905653.359 7559414.542 12.915 lc  1589 905848.14 7559473.82 -1.881 ch 
1530 905645.524 7559426.256 12.215 lc  1590 905846.172 7559468.51 -1.23 ch 
1531 905639.738 7559434.539 11.723 lcclpier  1591 905842.875 7559462.23 -0.435 ch 
1532 905627.611 7559452.474 10.796 lc  1592 905841.06 7559458.64 1.944 ch 
1533 905617.293 7559467.239 9.77 lcabt  1593 905841.884 7559456.55 3.029 ch 
1534 905617.264 7559467.289 9.21 grabt  1594 905842.321 7559456.53 3.548 lew 
1535 905604.063 7559502.713 12.128 gr  1595 905842.411 7559454.56 4.675 gr 
1536 905623.463 7559474.263 12.148 gr  1596 905841.436 7559452.85 6.113 gr 
1537 905635.561 7559455.991 12.647 tod  1597 905839.421 7559448.46 8.409 gr 
1538 905650.459 7559432.337 13.947 tod  1598 905836.859 7559437.83 8.365 gr 
1539 905669.212 7559405.036 15.419 tod  1599 905835.262 7559422.33 9.068 gr 
1540 905669.175 7559404.873 15.425 tod  1600 905832.731 7559404.25 9.804 gr 
1541 905669.427 7559404.593 15.418 gr  1601 905910.952 7559465.36 8.102 staff 
1542 905685.243 7559378.525 17.581 gr  1602 903908.05 7562180.97 9.121 gr 
1543 905706.391 7559345.641 22.523 gr  1603 903890.682 7562189.9 8.885 gr 
1544 905714.854 7559331.414 23.087 gr  1604 903885.536 7562191.95 5.806 gr 
1545 905666.256 7559392.918 15.342 gr  1605 903882.398 7562193.41 3.966 gr 
1546 905661.992 7559398.311 14.001 gr  1606 903882.046 7562193.75 3.587 rew 
1547 905655.037 7559408.627 10.364 gr  1607 903879.057 7562195.63 2.376 ch 
1548 905651.206 7559415.287 7.724 gr  1608 903873.075 7562198.48 0.991 ch 
1549 905647.108 7559420.184 5.228 gr  1609 903868.235 7562200.88 0.354 ch 
1550 905645.123 7559423.615 3.713 gr  1610 903863.767 7562203.42 0.028 ch 
1551 905645.495 7559424.511 3.514 lew  1611 903856.579 7562206.68 -0.354 ch 
1552 905643.935 7559426.3 2.148 ch  1612 903852.867 7562209.47 -0.328 ch 
1553 905641.163 7559430.006 0.539 ch  1613 903846.636 7562211.42 -0.256 ch 
1554 905639.231 7559434.143 -1.022 chclpier  1614 903841.216 7562213.94 -0.114 ch 
1555 905633.164 7559441.722 -1.556 ch  1615 903834.634 7562216.89 0.337 ch 
1556 905629.153 7559446.69 -1.208 ch  1616 903829.749 7562219.54 0.523 ch 
1557 905626.418 7559450.862 1.496 ch  1617 903824.676 7562222.16 1.057 ch 
1558 905625.246 7559453.158 2.578 ch  1618 903820.048 7562224.75 2.005 ch 
1559 905625.002 7559453.703 3.646 gr  1619 903817.537 7562225.84 3.569 lew 
1560 905625.834 7559453.353 3.587 rew  1620 903816.645 7562226.69 4.275 gr 
1561 905623.135 7559455.609 4.826 gr  1621 903814.552 7562225.41 7.683 gr 

  



APPENDIX D 

DETAILED FLOODPLAIN MAPPING  
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