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MEMORANDUM 

8410 154TH AVENUE NE, REDMOND, WA  98052, TELEPHONE:  (425) 861-6000, FAX:  (425) 861-6050                              www.geoengineers.com 

TO: Lennea Magnus; Confederated Tribes of the Chehalis Reservation 

FROM: Mary Ann Reinhart 

DATE: July 8, 2008 

FILE: 8773-014-00 

SUBJECT: Project Approach and Quality Assurance Plan 

METHODS AND QUALITY ASSURANCE 
The Chehalis Reservation Comprehensive Flood Hazard Management Plan will utilize the results of several 
types of quantitative and qualitative analyses to identify the extent of floodplain inundation for the 100-year 
recurrence interval storm, as well as flood related hazards associated with the 100-year storm.  The plan will 
be based in large part on a flood inundation map estimated for the 100-year recurrence interval storm, 
identification of channel migration “hot spot”, and our understanding of public health and safety risks facing 
Tribal Members, all of which will help identify flood related hazard areas on the Reservation.  It is 
understood that the confederated tribes of the Chehalis Reservations wish to use this plan to support their 
existing floodplain management regulations.  We understand that the Tribe has little to no interest in 
recommendations focused on constraining the Chehalis River or preventing flood water from passing over 
tribal lands.   

The approach, methods and quality assurance plan developed for this study are outlined below, along with the 
general approach designed to meet the needs of the Chehalis Tribe and the requirements of the Department of 
Ecology.   

GENERAL APPROACH 
The information necessary for developing the Comprehensive Flood Hazard Management Plan will include 
the following elements:  

• Historic flood damage information,  

• Changes in flooding and flood related damages,  

• Flood inundation maps for 100 year recurrence interval storms for both the Chehalis and Black 
Rivers,  

• High risk channel migration areas 

Information pertinent to the project will be acquired from numerous sources, and treated and/or analyzed 
using a variety of methods.  Where ever practicable, valid data from previous studies will be used to obtain 
the required input data for the analyses described below.  Following is a description of the data and methods 
that will be used to develop the CFHMP. 

GIS DATA DEVELOPMENT 

The spatial data collected for this project was organized in a GIS database.  A GIS data base provides a 
seamless, efficient means by which multiple data sets of various spatial and time scales can be evaluated and 
compared on a single platform. GIS also provided the tools for extending existing HEC-RAS cross sections 
across the floodplain.   
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Six major types of GIS data will be developed; 1) georeferenced digital aerial photographs, 2) stream 
centerline stationing, 3) a relative surface topographic model, 4) digitized features from modern and historical 
data sets, and 5) delineation of 100-year flood limits within the Chehalis Reservation project area, 6) channel 
migration hot spots.  

GIS data development and analysis will utilize ESRI’s ArcGIS versions 9.1 and 9.2 software. GIS data layers 
obtained from several different data sources including the Chehalis Tribe, US Geological Survey (USGS), 
Federal Emergency Management Agency (FEMA) and the Washington Department of Natural Resources 
(WDNR).   

HISTORIC FLOOD DAMAGE INFORMATION 

Flood damage information will be collected from several sources, including Flood Damage Information 
documented by the Tribe, FEMA flood claims, Local Newspaper articles, Communication with Tribal 
members and property owners, Review of historic and recent aerial photographs, Review of oblique air 
photos provided by the Chehalis Tribes and WSDOT. 

CHANGES IN FLOODING AND FLOOD RELATED DAMAGES 

This information will be collected from review of historic aerial photographs, river gauge data and personal 
communication with long term reservation residents, first responders and law enforcement officers.  We will 
also review topographic survey acquired by the Chehalis Tribe and peak flood level field data collected by 
GeoEngineers staff following the December 2007 storms.   

FLOOD INUNDATION MAPS FOR 100 YEAR STORM 

Types of data useful to this project element include: 

• Historic and recent aerial photographs and orthophotographs, topographic maps, soil and geologic 
maps. 

• Existing electronic GIS data,  

• 2008 LiDAR, flown by Watershed Services for the Tribe 

• 2005 LiDAR from the Regional LiDAR consortium 

• Existing Flood Insurance Studies and associated HEC-RAS models,  

• Recent and historic river gauge data.   

• 2007 flood flow elevations obtained from ground survey.  

This information will provide a framework for evaluating flood hazards associated with existing channel and 
floodplain conditions. 

Data will be collected from the following sources:  
• Confederated Tribes of the Chehalis Reservation,  

• Washington Department of Natural Resources (WDNR),  

• US Geological Survey,  

• Army Corps of Engineers,  

• Federal Emergency Management Agency (FEMA),  
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• Grays Harbor, Thurston and Lewis Counties, 

• GeoEngineers’ files.   

A principal component of the GIS data base is the 2008 LiDAR, which was acquired by the Chehalis Tribes.  
The LiDAR will be post- processed for use in developing the flood map.  The methods and use of LiDAR are 
discussed in more detail below.  

AERIAL PHOTOGRAPHIC AND MAP ANALYSIS 

Aerial photographic and map analysis focused on evaluating flood water pathways, floodplain conditions, and 
floodplain areas subject to aggressive channel migration.   

Aerial Photo Georectification:  
Aerial photographs derived from contact prints or digital scans of prints were georeferenced to a known 
coordinate system then rectified.  Georeferencing is the GIS process by which a digital image is matched to a 
digital orthophotograph in some projected coordinate system, in this case, Washington State Plane, South 
NAD 1983 (feet).  The process assigns a geographical coordinate to each pixel in the image, fixing the image, 
pixel-by-pixel, into the chosen coordinate system. 

The aerial photographs will be scanned and georeferenced to 2008 LiDAR coordinates and then rectified.  
Due to inherent distortions when georeferencing older photographs to current orthophotographs, our target 
Route Mean Square (RMS) error of all the control points was equal to or less than 14 feet.   

DEMS, CONTOURING AND HILLSHADING FROM LIDAR: 
LiDAR imagery for the project area was downloaded from the Puget Sound LiDAR Consortium (PSLC) bare 
earth DEMs (6 x 6 grids).  The following quarter quads encompass the entire project area: q46123g21b; 
q46123g22b; q46123g23b; q46123g24b; q46123g33b. 

The PSLC data was combined to form one 6 x 6 grid, which was then converted to a 3 x 3 grid and merged 
with the Chehalis Tribe’s LiDAR (3 x 3 grid).  The resulting LiDAR provides coverage including the Black 
River area, north of the Reservation boundary.  Merging was completed using the Focal Statistics tool in 
Spatial Analyst. 

The LiDAR image provides only ground surface elevations (i.e. elevation points below water (bathymetry) 
are not delivered ).  Channel geometries were created in GIS from the same cross sections used in the HEC-
RAS model.  These bathymetric surfaces were then merged with LiDAR topographic surfaces to generate a 
continuous ground surface DEM throughout the project area. 

HYDROLOGY 

The Chehalis Indian Reservation is located adjacent to the Chehalis River as well as the Black River.  Both of 
these rivers are being analyzed in the Comprehensive Flood Management Plan.  To determine the risks 
associated with each river the flood discharges need to be obtained. 

The Reservation is located between two stream gauges maintained by the U.S. Geological Survey (USGS).  
The upstream gauge (USGS Gauge #12027500) is located near Grand Mound, Washington, located upstream 
of the Reservation.  Downstream the gauge (USGS Gauge #12031000) is located downstream of the 
Reservation, near the city of Porter, Washington.  The gauge at Grand Mound, WA has historical records of 
79 years from the water year of 1929 up to the current day.  Historic data has been maintained from the water 
year of 1952 up to the current day for the stream gauge located in Porter, WA.  There is also a historic gauge 
located upstream of the Reservation near Little Rock, Washington on the Black River.  This historic gauge 
was only maintained for a six year period from 1945-1950.   
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Annual peak discharges were obtained from the USGS for the period of record for each stream gauge.  The 
peak data for each gauge was input into the USGS computer program PeakFQWin, which utilizes 
methodology from USGS Bulletin 17B to determine a Log-Pearson Type III distribution to best fit the data.  
An error message was generated during the PeakFQWin model run of the historic gauge data for the Black 
River gauge at Little Rock, WA.  This gauge’s LP3 distribution was calculated manually utilizing the 
methodology of Bulletin 17B. 

The USGS computer program StreamStats was also utilized to compare and validate the LP3 results for each 
gauge.  StreamStats tended to overestimate the flood discharges when compared to the historic stream gauge 
data.  These two regressions and the historic peak flow data can be seen in Figures 1, 2 and 3. 
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Chehalis River at Porter, WA
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Black River at Little Rock Gauge
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The Grand Mound, WA and Porter, WA stream gauge data and LP3 distributions were used to determine the 
flood frequency discharge values on the Chehalis River at the downstream end of the project study area.  A 
simple linear regression between the two gauges based on watershed area was used to estimate the flood 
discharge values at the downstream end of the project site.  As predicted these discharges were below the 
flood flows estimated by StreamStats. 

Four different methods were used to estimate the flood discharges for the Black River at the confluence with 
the Chehalis River.  These four methods consisted of StreamStats, an area ratio of the Black’s historic peak 
flow data, an area ratio of the Chehalis’ historic peak flow data, and then an LP3 distribution based on 
historic flow data for the Chehalis. 

StreamStats was used to estimate the flood flows on the Black River at its mouth.  These estimates were 
assumed to be an upper bound on the discharges since StreamStats tended to over estimate discharges at the 
three gauge locations analyzed when compared to their respective historic LP3 distributions. 

An area ratio between the Little Rock, WA gauge and the mouth of the Black for the LP3 historic distribution 
was also used to estimate the flood discharges.  This method took the estimated LP3 distribution from the 
Little Rock gauge and multiplied by 2.20 which is the area of the Black River at its mouth (138.4 mi2) 
divided by the area of the Black’s watershed at the Little Rock gauge (62.8 mi2).  It was assumed that this 
might under predict the flood flows due to the short historic record at the Little Rock gauge. 

The third method consisted of using an area ratio between the Black River watershed and the watershed at the 
downstream end of the project area and applied it to the estimated LP3 distribution for the Chehalis River at 
the project study boundary.  This method reduced the estimated flood flows on the Chehalis at the project’s 
downstream end by a factor of 0.12 which is the Black’s watershed area (138.4 mi2) divided by the watershed 
area at the downstream end of the project (1173.6 mi2).  From historic flooding observations and monitoring 
it is known that the Chehalis River and Black River do not peak at the same times.  These watersheds are also 
not hydraulically similar due to large variations in the size of the watersheds, elevations and land use types.  
These factors reduce the confidence of this third method in estimating flood discharges.  

A more complex method was adopted to determine estimated flood discharges for the Black River at the 
confluence with the Chehalis River.  This method employed the longer historic records for the two stream 
gauges on the Chehalis River.  A relationship was developed for each stream gauge between the historic peak 
flow and its respective daily average flow.  This linear relationship provides the ability to estimate the 
instantaneous peak flow for any given day of the historic record.  The instantaneous peak flow from the 
downstream gauge (USGS Gauge #12031000) was then subtracted from the instantaneous peak flow from the 
upstream gauge (USGS Gauge #12027500) for every single day that the gauge data overlaps (1952-2008).  
This difference in peak flows estimates the instantaneous peak flow from the watershed area between the two 
gauges which includes the Black River’s watershed.  A ratio factor was then applied to the peak difference to 
reduce it to the peak flow for only the Black River’s watershed.  This ratio factor was 0.346, which is the 
Black River’s watershed area (138.4 mi2) divided by the difference in watershed areas between the two 
gauges (1297.8 mi2 – 898.3 mi2).  From daily peak flow data the annual maximum peak flow was selected for 
each year of record.  These annual peak flows were compiled and the methodology described within USGS 
Bulletin 17B and used for the other historic gauge regressions was implemented to determine an LP3 
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distribution for the flood frequency flows for the Black River at the confluence with the Chehalis River.  The 
results from this methodology and the other three methods can be seen in Figure 4 below. 

 

HYDRAULICS MODELING  

A LiDAR-based hydraulic modeling approach is being utilized to estimate 100-year flood elevations for the 
Chehalis and Black River reaches.  This approach includes building a HEC-RAS model using the LIDAR 
surface and determine the volume of water not captured by the LIDAR and subtracting it from the discharge 
volumes derived from the Hydrology element.   

Water volumes for the Chehalis will be determined from gage data recorded on the date the LiDAR was 
flown.  Gage data is not readily available for the Black River therefore; water volume will be estimated from 
LiDAR and field measurements.  The approach will involve determining Black River water surface 
elevations from the LiDAR, and measuring discharge and water surface elevations in the field.  A Manning’s 
approach will then be used to calculate the discharge necessary to attain the elevation documented from the 
LiDAR surface.   Manning’s “n”values for will be derived from LandSat land cover data. 

Calibration 

For the Chehalis River, we will use flow data from both the 2007 and 1996 floods.  We will subtract the 
flows estimated from the above described process and run the discharge through the reach.  We will primarily 
use Manning’s “n” values to calibrate the calculated elevations until they match the high flow elevations 
measured in the field by GeoEngineers in December, 2007, and possibly elevations from the 1996 event, 
depending on data quality. 
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To determine the volume of water in the Black during the calibration events (1996 and 2007), we will use the 
method above.  
 
Application of Calibrated Model to Other Flow Scenarios 

If a calibrated model is achieved, we can then apply a wider set of flow data to the models.  To do this, we 
will need to somehow calculate the flow below the LiDAR surface for the Black.  Because, for this step we 
will use a 100-year flood volume determined for the Chehalis by gage data and for the Black possibly by 
regression analysis. 
 

 LIDAR-BASED RELATIVE SURFACE MODEL 

The 100-year flood inundation map will be developed from a Relative Surface Model (RSM) for the Chehalis 
and Black River floodplain.  A RSM displays flood surface and/or topographic surfaces relative to a modeled 
surface.   

The RSM method will depict flood surface elevations derived from HEC-RAS results for a 100-year storm 
event.  For this method, the 100-year water surface is exported from HEC-RAS for each cross section in the 
HEC-RAS model.  HEC-GeoRAS then builds a surface in GIS that corresponds to the water surface at each 
cross section.  The elevation of the surface between the cross sections is interpolated by HEC-GeoRAS.  The 
resulting water surface elevations are then subtracted from the topographic elevations (similar to the previous 
method) resulting in a new surface elevations illustrate the inundated areas corresponding to the specified 
flood surface generated by HEC-RAS.   

HIGH RISK CHANNEL MIGRATION AREAS 

Channel migration “hot spots” will be identified based on review and evaluation of a limited set of historic 
aerial photographs, recent orthophotographs and LiDAR, field observations and personal communication 
with Tribal Member and long term residents of the Reservation.  The hot spots will be recorded as a shape 
file in the GIS database.   
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Limitations:
This recurrence interval flood surface map has been developed using a relative surface model as described in Appendix B of the Comprehensive Flood Hazard Management Plan.  
This map has not been produced based on FEMA modeling criteria. Flood surface has an estimated vertical error of +/- 2ft.  The model predicted in the area shown covered by blue hatching 
to be emergent but the area was observed to be flooded in December 2007.  The model predicted in the area shown covered by brown hatching to be flooded but the area was observed to be dry in December 2007.

Notes:
1. The locations of all features shown are approximate.
2. This drawing is for information purposes.  It is intended to assist in showing features discussed in an attached document.  GeoEngineers, Inc. can not guarantee the accuracy and content of electronic files.  The master file
is stored by GeoEngineers, Inc. and will serve as the official record of this communication.
3.  Flood surface has an estimated vertical error of +/- 2ft (within red hatching error is roughly +/- 4ft).

Reference: 
Tribal boundary and County boundary provided by the Federal Census Bureau; 
Roads obtained from the Confederated Tribes of the Chehalis Reservation and the Federal Census Bureau.
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