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National Wildlife Refuge System - to administer a national network of 
lands and waters for the conservation, management, and where 
appropriate, restoration of the fish, wildlife, and plant resources and their 
habitats within the United States for the benefit of present and future 
generations of Americans. 
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Why Wapato? 

 
•  USFWS interest dates back to 1930s 

•  Large scale conservation opportunity 

•  Migratory waterfowl  
 
•  Rare and unique wetland 
 
•  Diversity of other wetland dependant fish and wildlife 
 
•  Outdoor recreation /education 
 
•  Connectivity to other Tualatin Basin conservation efforts 

•  Cultural  significance 
   
•  Water quality 



Pre-1850 
• 1000 acre Labish soil (or peat) dominated 

wetland 

•  Indigenous (Atfalati) camps/Wapato harvesting 

• GLO Survey/Hudson Bay Co. notes reference 
reeds, coarse grasses, and “the wappatoo plant” 

• Connected to the Tualatin River during winter 
high flows 

• Terminus for 6 small creeks 

• Large emergent marsh or deep open water lake? 





Wapato 



Post – 1850 
• Tualatin River channel moved in 1880 

• Clearing and drainage attempts in the lake 
bottom began around the same time 

• 1930s: 
– 5.5 miles of levees and canals 
– diversion of creeks around lake 
– pump station 
– interior  ditches and canals to pump station 

• 1950s Wapato Improvement District formed 

• > 100 years agricultural history 



Infrastructure 



Agricultural History 

Photo credit: Salem Public Library Historic Photograph Collections, 
Salem Public Library, Salem, Oregon 



The End of an Era 



Full Circle 



Wapato Lake NWR 
Interim Management 

 

• Weed abatement  

• Food source for wintering waterfowl 

• Good will with the local community 

Cooperative Farming 
 



CHALLENGES 
•  5.5 miles of 20 foot tall levees 
•  Lakebed Subsidence 
•  TVID irrigation canals 
•  Diverted tributary creeks 
•  Private in-holding/neighbor 
•  Internal ditches 
•  Carp 
•  Reed Canary Grass 
•  Mosquitoes 
•  Native coldwater fish 
•  Water quality 
•  Climate change 
•  Water quantity/availability 
 



Tools Needed 
Goal:  Restoration!  
USFWS needs data and insights based on sound science to properly plan for 
future management and restoration of Wapato Lake NWR. 

Questions 
– How much water is available? 
– What restoration scenarios are possible? 
– What types of habitat can be provided? 
– Are pumps and levees needed? 

Build a water budget 
– Build digital elevation model of lakebed 
– Measure lake levels 
– Quantify inputs and outputs 
– Estimate unknown rates/parameters 

Build planning tools 
– Evaluate water-management scenarios 
– Model downstream connections 
– Assess quality of habitats 

Photo by USFWS 



Wapato Lake 
Today 

• Levees and canals, 
pump station, gages 

• Diverted tributaries: 
– Ayers Creek 
– Wapato Creek 
– Hill Creek 
– Goodin Creek 
– Olsen Creek 
– “unnamed” creek 

• Lakebed elevations 
measured with LiDAR 

Streamflow gage Streamflow 
gage 

Photo by M. Doyle, USGS, 6-Apr-2010 

Map from USFWS, 2015 
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Flow/Stage 
Monitoring Network 
•  Lake stage 
•  Streamflow: 

–  downstream outflow 
–  upstream inflow 

photo from USGS 

Photo by M. Doyle, USGS, 6-Apr-2010 

Photo from USGS, 7-Oct-2011 

map from Google 

photo from USGS 



LiDAR Acquisition 
•  Objective 

–  determine land-surface topography 
including lakebed bathymetry 

•  USFWS surveying 
–  precise leveling around lakebed 
–  installed new benchmarks 

photos and map from USFWS 



LiDAR Acquisition 
•  Objective: 

–  determine land-surface topography 
including lakebed bathymetry 

•  USFWS surveying: 
–  precise leveling around lakebed 
–  installed new benchmarks 

•  LiDAR acquired:  May 15, 2012 
–  19.24 square miles 
–  30-60 pts/m2 

–  mean vertical accuracy: 0.142 feet 

image from USGS 

data from USFWS 



LiDAR Acquisition 
•  Objective: 

–  determine land-surface topography 
including lakebed bathymetry 

•  USFWS surveying: 
–  precise leveling around lakebed 
–  installed new benchmarks 

•  LiDAR acquired:  May 15, 2012 
–  19.24 square miles 
–  30-60 pts/m2 

–  mean vertical accuracy: 0.142 feet 

•  Developed digital elevation model 
–  needed to assess water depth, lake 

area, lake volume, and habitat in lake 
as function of lake surface elevation 

images from USFWS 



Shoreline Management Tool 
•  Preliminary analysis of lake stage-

to-volume relation conducted using 
the USGS Shoreline Management 
Tool. 

•  GIS based program developed to 
assess the effects of changes in 
surface-water stage on water depth 
and inundated area of a site. 

•  SMT can be used to identify aquatic 
or terrestrial habitat areas as 
defined by user-specified criteria 
including  variables such as water 
depth and land-surface slope. 

map from USFWS 



Lake Surface Area and Volume 

Provisional data, subject to revision 



Wapato Lake Water Budget Components 

diagram from USGS 



Unsaturated Zone Water Budget 

Saturated Zone 
(Groundwater Storage) 

Lake 
(Surface-Water Storage)  

Unsaturated 
Zone 

(Soil Storage) water table 

infiltration 

drainage 

evapo- 
transpiration precipitation 

diagram from USGS 



Lake Levels, 2011-2015 

data from USGS National Water Information System 



Inputs and Losses, 2011-2014 

• Currently, rainfall is the dominant input to the lake (82% of all inputs), and 
pumping is the major loss process (75% of all losses). 

• For 10/2011 thru 3/2014, tributary flows were 8 times larger than rainfall inputs. 
Provisional data, subject to revision 



Water Management Scenario Tool 

Goals 
• Answer basic questions about 

restoration possibilities 
•  Inform resource managers of 

lake characteristics over time: 
– Period of inundation 
– Lake level 
– Available habitat 
– Downstream flow 

• Compare different restoration 
strategies across a climatic 
gradient 



Median Year, No Tribs, No Pumps/Weirs 

Provisional data, subject to revision 

median year 
no tributary inputs 
no pumps or outflow weirs 



Median Year, Three Tribs, Pumps/Weir Present 

Provisional data, subject to revision 

median year 
3 tributary inputs 
pumps all year; outflow weir 



Water Budget Information 

• Tributary inflows provide a substantial amount of water to the lake. 

• Pumping, outflow weirs, or an open connection downstream would likely 
dominate the loss processes. 

Provisional data, subject to revision 

Inputs Losses 

median year, three tributaries, pumps and weir present 



 

 
      

 
 

Flow Modeling in Wapato Creek 

Goal: Evaluate a restoration scenario where 
an open downstream connection exists 
between Wapato Lake and Wapato Creek. 

Problem:  River and creek levels rise and 
fall, affecting the rate of exchange between 
lake and creek. 

Consequence:  Water level fluctuation and 
water depths unknown for an important 
scenario. 

Solution:  Use a hydraulic model to simulate 
an open connection between Wapato Lake 
and Wapato Creek and compute the amount 
of water exchanged between the lake and 
the creek on a daily basis. 

map from USFWS 



HEC-RAS Model 
• Developed by U.S. Army Corps of Engineers 

– public domain 

• Hydrologic Engineering Center – 
 River Analysis System 

• 1-D hydraulic model 

• Unsteady flow (non-constant velocity) 

• Numerically solves Saint-Venant 
Equations for unsteady gradually 
varied flow 



HEC-RAS Model Inputs 

Channel Cross-Sections  
• Merged LiDAR terrain 

with surveyed in-channel 
x-sections 

• Fixed discrepancies 
between ground survey 
and LiDAR 

images from USFWS 



Boundary Conditions 
•  Upstream 

– Flow at Gaston gage on Tualatin River 
– Flow at Gaston Rd gage on Wapato Creek 

•  Downstream 
– Stage at Dilley gage on Tualatin River 

•  Tributary 
– Scoggins Creek modeled as  

lateral input at RM 1.47 

Roughness 
– Understanding of channel and overbank 

conditions – frictional losses 

HEC-RAS Model Inputs 

map from USFWS 



• Simulate interaction of lake 
and creek/river system in a 
free-flowing connection 

• Help determine usable weir 
heights if a weir connection 
is used instead of an open 
connection 

• Determine flood effects on 
nearby properties, if any 

Expected Results of Model 

photos 
from 
USFWS 



Moving Forward 

 

 
      

 
 

• Public outreach – ongoing 
 
• HEC – RAS modeling -  Summer 2015 

• Development/Evaluation of restoration alternatives – 
Summer – Fall 2015 
 
• Draft EA– Fall 2015 -Winter 2016 

• Waterfowl hunt plan 



Thank You!    
Questions? 

City of Gaston 


