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Executive Summary 

The ln Situ Redox Manipulation (ISRM) experiment is being evaluated as 
a potential method to remove contaminants from groundwater adjacent to the 
Columbia River near the 100-D Area. The ISRM experiment involves using 
sodium dithionate (Na206S2) to precipitate chromate from the groundwater. The 
treatment will likely create anoxic conditions in the groundwater down-gradient of 
the ISRM treatability test site; however, the spatial extent of this anoxic plume is 
not exactly known. 

The ISRM experiment was reviewed by the American Society of 
Mechanical Engineers (ASME) Peer Review Committee, which expressed 
concern over the possible impacts of anoxic groundwater on fall chinook salmon 
(Oncoryhynchus fshawyfscha) that spawn in the vicinity of the 100-D Area. 
Aerial spawning surveys have documented fall chinook salmon spawning near 
the island approximately 250 m downstream of the 100-D Area (river kilometer 
61 5), but not specifically in the vicinity of where the groundwater plume is 
projected to intersect the river. Aerial surveys are limited in their ability to located 
redds in water depths greater than 4 my and a portion of the river adjacent to the 
ISRM experiment exceeds 4 m in depth. Therefore, an underwater video survey 
was conducted to detect any fall chinook salmon spawning and/or suitable 
spawning habitat in the area where the groundwater plume is projected to enter 
the Columbia River. 

Surveys were conducted in November 1997, following the peak spawning 
of fall chinook salmon. Aerial surveys documented 21 0 redds (spawning nests) 
near the downstream island in locations consistent with previous surveys. 
Neither aerial nor underwater surveys documented fall chinook spawning in the 
vicinity of the ISRM treatability test site. Based on measurements of depth, 
velocity, and substrate, less than 1 % of the study area contained suitable fall 
chinook salmon spawning habitat, indicating low potential for fall chinook salmon 
to spawn in the vicinity of the ISRM experiment. 
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Introduction 

The Hanford Reach is the last significant mainstem spawning area for fall 
chinook salmon (Oncoryhynchus tshawyfscha) in the Columbia River Basin 
(Geist 1995; Dauble and Watson 1997) and represents a healthy population of 
the most inland fall chinook salmon stock in the Pacific Northwest and California 
(Huntington et al. 1996). Fall chinook salmon typically spawn within the Hanford 
Reach from October through December with peak spawning occurring in mid- . 
November (Dauble and Watson 1997). The eggs remain in the gravel until early 
spring, and young rear in the reach for 2-3 months before migrating to the Pacific 
Ocean from May through August. Because of the length of time the eggs and fry 
are in the substrate and the fact that contaminated groundwater is hydraulically 
connected to the river via the substrate, this is the life stage most vulnerable to 
groundwater contamination (Geist et al. 1994). 

Chromium concentrations in groundwater originating from the 100-D Area 
of the US. Department of Energy (DOE) Hanford Site exceed drinking water 
standards (DWS) (40 CFR 141 -1 43 and Chapter 248-54 Washington 
Administrative Code) and ambient water quality criteria (EPA 1986). Hanford 
Site managers are concerned about the potential impact from chromium on the 
aquatic organisms in the Hanford Reach, including salmon populations, and 
various technologies are being investigated to remove chromium from 
groundwater before it reaches the river. One demonstration project involving 
groundwater treatment is the In Situ Redox Manipulation (ISRM) experiment, a 
pilot project using a water-permeable barrier to treat contamination plumes in 
place. In 1997, 14 wells were installed within the 100-D Area approximately 150 
m from the Columbia River. The ISRM experiment involves injecting sodium 
dithionate (NaO&) into these wells to precipitate chromate from the 
groundwater and prevent it from entering the Columbia River. Following 
injection, the chromate is converted to an insoluble, immobile, and much less 
toxic 3 valent state. 

The ISRM experiment is expected to reduce the amount of chromium that 
reaches the Columbia River. However, the treatment is also expected to create 
anoxic conditions in the groundwater, and it is not clear how far down-gradient of 
the ISRM treatability test site this anoxic groundwater plume will extend. 
Because salmon eggs and newly emerged fry need well-oxygenated water in the 
substrate in order to survive, the ASME Peer Review Committee expressed 
concern over the possible impacts of this anoxic groundwater on fall chinook 
salmon that spawned in the vicinity of the 100-D Area. Dissolved gas tracer 
studies are being conducted to obtain more information on the re-oxygenation of 
the plume. 
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Aerial surveys for fall chinook salmon spawning have been conducted in 
the Hanford Reach since 1943 (Dauble and Watson 1997). Historically very little 
spawning has occurred where the treated groundwater plume is expected to 
enter the Columbia River. However, up to 150 salmon spawning nests 
(redds) have been observed annually about 240 m downstream of the ISRM 
treatability site (river kilometer 615). Aerial surveys are limited in their ability to 
detect redds in water depth greater than 4 m (Dauble and Watson 1997). It was 
not known if the water depth in the river adjacent to the ISRM experiment 
exceeded 4 m or if redds were going undetected. Further, reviewers wondered if 
the habitat adjacent to the ISRM experiment was suitable for fall chinook salmon 
spawning. 

In response to these concerns, Pacific Northwest National Laboratory 
(PNNL) conducted a mobile underwater video survey of the river adjacent to the 
ISRM experiment. Underwater video technology has been used for several 
years to characterize salmon spawning habitat (Dauble et al. 1994, 1995). This 
tool provides an effective technique for documenting salmon redds at deeper 
depths than can be observed from aerial surveys and provides a permanent 
video record of the area. The area we searched encompassed about 600 m of 
the Columbia River both upstream and downstream of the ISRM test site. The 
objective of this activity was to document any fall chinook salmon spawning that 
was not detected by aerial surveys and determine if suitable physical habitat 
characteristics existed for fall chinook spawning in the vicinity of the 100-D ISRM 
experiment. Aerial surveys were also conducted under a separate contract with 
DOE during October and November. 
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Met hods 

Based on the projected plume gradient for the ISRM experiment, a study 
area was established that encompassed 316,000 m2 of the Columbia River 
bottom adjacent to the ISRM test site (Figure 1). Because exact locations of 
groundwater infiltration to the river bed were unknown, eleven transects were run 
perpendicular to the river flow at 61 -m intervals across the entire cross section of 
the river. The average transect length was 51 8 m. 

Underwater surveys of redds and characterization of potential spawning 
habitat (defined by water depth, substrate size, and water velocity) were 
conducted on November 1 1 and 13, 1997. The first survey involved collecting 
point water velocities near the river bed as well as velocity profiles along each 
transect. The second survey was dedicated to gathering substrate images and 
conducting a general search for redds in the area of influence. 

An on-board, real-time global positioning system (GPS; Trimble 
PathfinderTM Pro XR and ASPEN software) was used to collect positional data as 
well as to navigate a pre-set transect grid during the surveys. The integrated 
GPS beacon receiver and antenna provided GPS corrections for calculating sub- 
meter accuracy (-0.5 m) on a second-by-second basis, and thus eliminated the 
use of a surveyor to capture positional information of the boat during surveys. 

Longer data point acquisitions provided positions with > 0.5-m accuracy. 
The ASPEN software displayed a background map of the study site on a 
notebook computer so that we could navigate to site locations on a 
predetermined transect line or visually verify data accuracy in the field. 

The mobile underwater video system comprised a high-sensitivity remote 
camera. The video recording system consisted of high-resolution monochrome 
cameras (Sony, model HVM-352) with a wide-angle lens (1 IO") connected to an 
8-mm camcorder (Sony model CCD-FX710 Handycam Hi8). Recordings were 
made with Sony Hi8 tapes. Two high-resolution monitors were used during the 
surveys for better viewing of the video obtained by the remote camera. The 
location for each image (UTM X and UTM Y) was correlated to GPS location by a 
time stamp. 
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Figure 1. Map of study area and river transects in relation to ISRM treatability site and the 1 OO-D reactor area 
current chromium concentration (PPb) in groundwater 



The remote camera was mounted vertically on a diving sled platform 
deployed from a motorboat. Two lasers pointed downward 18.4 cm apart and 
were used to provide a reference scale within the camera image (Figure 2). The 
distance from the camera lens to the substratum ranged from 0.9 to I .4 m, 
providing an effective view path of 2.7 m2. The total area surveyed by 
underwater video was estimated to be 22,800 m2. Changes in background 
contrast, bed elevation, and substrate composition were the primary criteria used 
to determine spawning activity. Water depth at each substrate image was 
recorded using a depth finder. 

Recorded videotapes were reviewed in the laboratory and analyzed by a 
computer based imaging software program (Optimas@). Images were saved 
under their respective location and titled according to their transect and point 
(i.e., transect 1 point 5 was titled T15). Saved images (there were 1 IO) were 
digitized for archival purposes. Each video image was assigned a dominant and 
sub-dominant substrate class (Table 1) based on long-axis diameter. Dominant 
substrate was the predominant size class of substrate size based on surface 
area; sub-dominant was the second-most common size class. 

Figure 2. Digitized substrate image showing laser reference markers. 
Distance between laser points is 18.4 cm. 
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Approximately 84 nose velocity measurements were taken using a flow 
meter (Marsh - McBirney Flow Mate 2000) attached to the diving sled. Velocities 
were taken at a distance of approximately 0.45 m above the substratum. Current 
profiles (average water column velocity and total discharge) were collected using 
an Acoustic Doppler Current Profiler (ADCP; RDI instruments Model DRBB-600 
kHz, 20 degree). 

Table 1. Substrate Categories Used for Spawning Habitat Classification 
(modified from Platts et ai. 1983) 

Average particle diameter 
Category Sediment classification size (cm) 

1 Fines, sand, silt, and mud c 0.6 
2 Gravel 0.6 - 7.6 
3 Medium cobble 7.6 - 15.2 
4 Large cobble 15.2 -30.5 
5 Boulder/bedrock > 30.5 

Spawning habitat polygons were constructed for each of the four physical 
variables (Le., depth, nose velocity, dominant substrate, and subdominant 
substrate) based on the transect data collected during the field surveys. For 
mapping purposes, categories were created for each of the four variables. Depth 
categories were 1.5-3.0 my 3.0-4.6 my 4.6-6.1 m, and 6.1 -6.7 m. Nose velocities 
were classified into three categories, 0-0.3 d s ,  0.3-0.6 m/s, and 0.6-0.9 d s .  
Dominant and subdominant substrates were classified according to Table 1. The 
size of the polygons was estimated by interpolating between sampling point 
locations (longitudinal and lateral direction) and then smoothing the edges. The 
boundaries of each polygon were traced and then digitized into the GIs. 

To determine if suitable fall chinook salmon spawning habitat conditions 
existed in the vicinity of the ISRM experiment, the spawning habitat polygons 
were compared to known spawning habitat. Spawning habitat criteria were 
based on measurements of depth, velocity, and dominant and subdominant 
substrate taken on 231 fail chinook salmon redds from the Hanford Reach (Table 
2). For velocity and depth, we assumed the range between the 25'h and 7!jth 
percentile represented preferred spawning habitat. For dominant and 
subdominant substrate, we used the substrate category found most frequently in 
Hanford Reach redds. The intersections of spawning habitat polygons that 
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contained the characteristics of all our spawning habitat criteria were deemed 
suitable spawning habitat polygons. All other areas were deemed unsuitable. 

Table 2. Preferred Spawning Habitat Criteria for Adult Fall Chinook Salmon 
(based on unpublished data for Hanford Reach fall chinook salmon, 
PNNL) and our Corresponding Categories for Dominant and 
Subdominant Substrate, Nose Velocity, and Depth 

Preferred habitat 
category Description Our categories 

Dominant substrate 7.6 to 15.2 cm Medium cobble 
Subdominant substrate 0.6 to 7.6 cm Gravel 
Nose velocity 
Depth 

0.4 to 1.1 
1.1 to 3.4 m 

0.3 to 0.6 and0.6 to 0.9 
1.5 to 3.0 and3.0 to 4.6 
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Results and Discussion 

No fall chinook salmon redds were found in the survey area during either 
the aerial or underwater video surveys. The November 1997 aerial surveys 
documented 21 0 redds near the island adjacent to the 1 OO-D Area; the closest 
redd was observed approximately 240 m downstream of the study site. The 
location and number of redds in this vicinity was consistent with the previous 
year's surveys (Dauble and Watson 1997). 

The average depth of the study site was 3.9 m (range 2.1 to 7.0 m) while 
the average velocity was 0.5 m/s (range 0.1 to 0.9 m/s; Figure 3). The river 
discharge (measured at river kilometer 608) during the November 11 survey 
ranged from 1,950 to 3,300 m3/sec and from 1,950 to 3,400 m3/sec on November 
13, 1997. These are within the range of daily average discharges during peak 
spawning (October 26 to November 26) from 1959 to 1985 (1,200 to 3,800 
m3/sec; Dauble and Watson 1997). Thus, at discharges observed during the 
spawning period, we estimated that approximately 70% of the study area 
contained depths in the range suitable for fall chinook salmon spawning, and 
90% of the study area contained preferred velocities of 0.3-0.9 m/s (Table 3). 

That so much of the study site contained water depth suitable for 
spawning was not surprising because water depth is typically not a limiting factor 
to fall chinook salmon spawning in other areas of the Hanford Reach (PNNL, 
unpublished data). Even though 90% of the nose velocities were within the 
range that we have observed on fall chinook salmon redds, values tended toward 
the low end of the preferred range. For example, the maximum nose velocity 
within the study area was less than the mean nose velocity measured at redds 
(0.9 m/s; PNNL, unpublished data). 

Approximately 67% of the study area was estimated to have large cobble 
as the dominant substrate (Figure 3). The substrate category found least often 
as a dominant substrate was fines (2% of the study area). Approximately 15% 
of study area contained medium cobble as the dominant substrate (Le., the 
preferred dominant substrate (Table 3). Medium cobble was the subdominant 
substrate found most often (48% of the study area) with large cobble and gravel 
(the preferred subdominant substrate) each constituting about 20% of the study 
area (Table 3 and Figure 3). 

The relative availability of individual habitat variables was velocity > depth 
> subdominant substrate > dominant substrate (Table 3). When all four variables 
were combined to generate an estimate of spawning habitat, less than 1% of the 
study area adjacent to the ISRM experiment would be considered suitable for fall 
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chinook salmon spawning (Table 3). Suitable spawning habitat was patchy and 
distributed throughout the study area (Figure 4). With the exception of a 1,700 
m2 patch near the north shoreline, most of the individual patches were less than 
200 m2 in size. 

Maps illustrating the distribution of individual parameters, including depth, nose 
velocities, and substrate classifications, are presented in Appendix A. 

Table 3. The Estimated Amounts of Suitable Spawning Habitat for Adult Fall 
Chinook Salmon Within the Study Site Adjacent to the 100-0 ISRM 
Test Site. The Total Study Area was Estimated to be 315,772 m2. 

Proportion of 
Preferred spawning habitat Estimated area total study area 
parameter (m2) (W 
Dominant substrate 
7.6 - 15.2 cm (med. cobble) 45,400 14 
Subdominant substrate 
0.6 - 7.6 cm (gravel) 62,550 20 
Nose velocity 
0.3 - 0.9 m/s 295,600 94 
Depth 
1.5 - 4.6 m 228,150 72 

Polygon overlap 
All Dafameters 2.700 c1 

Suitable spawning habitat of fall chinook salmon in large rivers like the 
Columbia River is usually more limited than suggested by typically measured 
physical habitat variables (Geist and Dauble, in press). Other factors, like intra- 
gravel flow, were suspected to be better descriptors of fall chinook salmon 
spawning habitat. These data, combined with the small amount of suitable 
habitat as suggested by this analysis of depth, substrate, and velocity, make it 
unlikely that a significant number of fall chinook salmon would use this area for 
spawning. 
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Figure 3. The Distribution Across Categories of Nose Velocities, Depth, 
Dominant Substrate, and Subdominant Substrate as a Percentage of 
the Total Study area (315,772 m2) Adjacent to the ISRM Test Site. 
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Figure 4. The estimated distribution of suitable spawning habitat for fall chinook salmon at the ISRM test site. 
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Appendix A 

Maps Illustrating Habitat Variables Measured Near the ISRM 
100-D Reactor Treatability Site 
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