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Purpose and Scope: 
 
A ground water/surface water interaction calculation set was previously prepared (DOE 2005a) using data 
collected during calendar year 2004. That calculation set used data collected during routine sampling 
events and Interim Action (IA) performance sampling events. The main focus of the previous calculation 
set was to further refine the conceptual model for the site presented in the Site Observational Work Plan 
(SOWP; DOE 2003). This included an analysis of collocated ground water and surface water samples 
that were collected to help improve the understanding of the dilution effects as ground water discharges 
to the river. 
 
During calendar year 2005, performance data for the IA ground water remediation systems continued to 
be collected. Those results are discussed in the performance monitoring reports for the IA systems 
(DOE 2005b and DOE 2006). In addition, selected wells and piezometers were sampled and analyzed for 
biogeochemical parameters to better understand what processes may be operating in the hyporheic zone 
adjacent to the site. Those results are discussed in the 2005 performance report for the Configuration 2 
injection system (DOE 2006).  
 
The emphasis in this report is on surface water quality in areas that have the potential to serve as habitat 
for endangered fish. Surface water data from previous sampling events are discussed as appropriate. 
The main purpose of the analysis in this calculation set is to better understand the actual effects that 
ground water discharge is having in the most critical habitat locations adjacent to the site. 
 
The analyte of most concern due to toxicity to aquatic organisms is ammonia and that is the focus of this 
discussion. The water quality study plan that is being prepared as a requirement of the U.S. Fish and 
Wildlife Service’s (USFWS) Biological Opinion for the site (in DOE 2005c) will discuss other contaminants 
of concern identified for the site. Ammonia results for ground water and surface water samples collected 
during calendar year 2005 are included in Attachment 1. 
 
Sampling Approach: 
 
This report focuses on surface water data collected during calendar year 2005, particularly data from 
locations deemed to be potentially suitable habitat for endangered fish that can be found in the Colorado 
River in the site vicinity. Surface water locations that were sampled during routine sampling events during 
2005 were selected on the basis of their physical suitability for fish habitat. Sampling was biased toward 
locations with low or no velocity waters or waters that were sheltered in some manner from the main river 
channel. These are the types of waters preferred by the Colorado pikeminnow, the main endangered fish 
of concern in the site vicinity. 
 
Results, Observations, and Discussion 
 
Attachment 1 contains ammonia data for ground water and surface water samples collected during 
calendar year 2005. Thirty-five different surface locations were sampled during this time period; a total of 
86 surface (river water) samples were collected. Figure 1 shows surface locations and selected 
monitoring wells and piezometers that were sampled. Locations of wells sampled in conjunction with IA 
operations can be found in the performance reports for those systems (DOE 2005b and DOE 2006).  
 
A number of “fixed” surface water locations were sampled at different times during the year; typically 
these locations were collocated with an adjacent monitoring well. However, because of the dynamic 
nature of the river, some of these fixed locations actually shifted closer to or farther from the steep river 
bank, particularly in areas where the river bottom has a very gentle slope. It is in the area where the river 
bottom is gently sloping that the best habitat areas for endangered fish are likely to form. These areas 
coincide with the portion of the river where sand bars are located. The IA remediation systems have been 
installed adjacent to these same areas. The remediation systems were in operation for the complete 
calendar year 2005. 
 
Only 14 of the 86 surface water samples collected in 2005 exceeded the maximum concentration of 
ammonia of 0.25 mg/L (total as N) observed at background location CR-1. A list of samples with ammonia 
concentrations exceeding background are presented in Table 1. 
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Table 1. Surface Locations with Ammonia Concentrations Exceeding Background During 2005 

Location Date 
Ammonia, 
Total as N 

(mg/L) 

State/Federal AWQC—
Acute, Total as N 

(mg/L) 

State/Federal AWQC—
Chronic, Total as N 

(mg/L) 
0216 1/27/2005 57 8.4 2.4 
0216 2/22/2005 7.6 5.7 1.7 
0222-006 11/2/2005 10 5.1 1.5 
0234-005 7/12/2005 0.31 4.0 0.7 
0236 1/26/2005 150 13.3 3.3 
0236 2/22/2005 170 7.5 1.6 
0236 3/14/2005 67 7.6 2.2 
0236 8/24/2005 35 12.6 0.9 
0236 11/2/2005 11 4.4 1.3 
0240 10/19/2005 20 25.9 5.0 
0245 1/27/2005 4.6 5.7 1.7 
0245 2/22/2005 0.36 6.4 1.9 
0261 11/2/2005 0.33 3.7 1.1 
0265 11/2/2005 0.79 4.5 1.4 

 
 
The data provided in Table 1 show that 10 samples exceeded the ambient water quality criteria (AWQC; 
EPA 1999) for ammonia (either acute, chronic or both). Of these exceedences, 70% were attributed to 
two locations. Locations 0236 and 0216 had the highest observed ammonia concentrations and 
exceeded acute AWQC. Of the remaining samples one location exceeded both the acute and chronic 
criteria on one occasion; a second location met the acute criteria but exceeded the chronic criteria on one 
occasion. All other locations had concentrations less than the applicable acute and chronic criteria. 
 
Location 0236 is in the vicinity of Configuration 2 injection wellfield. This location was a fairly well-
developed backwater area when it was sampled throughout calendar year 2004. During 2005, this 
backwater was largely filled with sediment and was progressively isolated from the river channel. 
However, when water was present in this area, it was sampled to provide continuity in data. During 
calendar year 2005 while the Configuration 2 injection system was operating, samples collected from this 
location demonstrated a near steady decline in ammonia concentrations (Figure 2). However, ammonia 
concentrations at location 0236 often still exceeded applicable acute criteria. 
 
Location 0216 is found downgradient of the Configuration 2 injection well field. The two samples collected 
at this location that had ammonia concentrations exceeding the background level (Table 1) were taken 
during early 2005 (January and February). Subsequent samples collected at location 0216 showed 
consistently low concentrations of ammonia (all but one less than the detection limit of 0.1 mg/L). 
 
All exceedences of acute or chronic ammonia AWQC occurred during base flow conditions. A hydrograph 
of Colorado River flows at the Cisco, Utah, gaging station is presented as Figure 2. Only one location 
(0234-005) had an ammonia concentration exceeding the background concentration under flow 
conditions above base flow; the concentration at this time and location was below both acute and chronic 
AWQC. All locations, including 0236, dropped below the AWQC (and generally detection limits) during 
some sampling event(s). 
 
Ground water concentrations in wells adjacent to river sampling areas (including shallow piezometers) 
showed consistently and considerably higher concentrations of ammonia than that observed in surface 
water, even in the vicinity of the active remediation systems. Most locations with ammonia levels 
exceeding AWQC were in stagnant water that was cut off from the main river channel. Without a rise in 
river levels, these areas would not be considered habitat as concentration and evaporation effects would 
render them unusable regardless of the site influence. At best, these areas might provide temporary 
shelter for fish until river levels rose and once more allowed fish migration. 
 
During the November 2005 monitoring event, several samples were collected from shallow, slow moving 
water immediately adjacent to the river bank. Some of these locations represented quieter, sheltered 
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areas (ponded water) created by debris. Ammonia concentrations at these locations were below detection 
limits. 
 
Before DOE assumed responsibility for the site, an intensive ammonia sampling effort was conducted 
from April through November of 2000 (SMI 2001) for the site trustee. At that time there was a significant 
amount of potential fish habitat formed immediately downstream of Moab Wash. This shallow, low velocity 
area extended downstream to the northern extent of the current components of the IA. The study involved 
collecting samples along transects perpendicular to shore and collecting samples from different water 
depths along the transects. The study showed that ammonia concentrations varied greatly, that highest 
concentrations were confined to stagnant pools, and that concentrations were highly dependent on river 
flows. Locations exceeding AWQC were typically associated with backwaters behind larger sandbars.  
 
Since the time of the SMI study, much of the shoreline between Moab Wash and Configuration 3 has 
filled in with sediment and backwaters no longer form in that portion of the river. As a consequence, the 
size of the area capable of providing potential habitat appears to have both decreased since the time of 
that study and shifted southward (downstream).  
 
Conclusions 
 
Based on the sampling and analysis results for ammonia during calendar year 2005, the following 
conclusions can be made: 

• Results confirm that significant dilution (or attenuation of concentration) is occurring as ground water 
discharges to the river, particularly during the time of year when young-of-year fish are most likely 
present. 

• Two locations (0216 and 0236) account for the bulk of AWQC exceedences and occurrences of 
detected ammonia. Ammonia concentrations at these locations generally decreased with time during 
the year as IA operations continued. 

• It appears that the only samples with ammonia concentrations that exceeded acute AWQC were 
taken from stagnant water. If these pools were to reconnect to the river and serve as temporary 
refuge for fish, the ammonia exceedences could have deleterious effects on the fish. On the other 
hand, if they are likely to remain cut off and from the main channel and lose significant quantities of 
water to evaporation, they no longer represent suitable habitat regardless of the presence or 
absence of site-related contamination. Because areas likely to be affected by ammonia provide 
temporary refuge for fish at best, the acute AWQC are of greater concern than the chronic AWQC 
(i.e., habitat areas exist for durations that are too short to apply the 30-day chronic criteria). 

• As noted in other reports (SMI 2001), the configuration of the river has a greater influence on 
ammonia concentrations in river water than the concentrations of ammonia in ground water that 
discharges to the river. 

• Existing components of the IA may be having significant favorable effects in the areas of the river 
where ammonia discharge is most problematic; ammonia concentrations in sensitive portions of the 
river generally decreased with time during this study even during baseflow conditions. 

• The recovery plans for the Colorado pikeminnow and other endangered fish in the Colorado River list 
a number of factors that constitute threats to endangered fish populations. These include streamflow 
regulation, habitat modification, and competition with and predation by nonnative fish species, as 
well as threats from pesticides and pollutants (USFWS 2002). The plan notes that 435 miles of 
habitat has been lost by reservoir inundation and 50 miles has been eliminated due to cold water 
release. Fish surveys along the river indicate that fish populations are overwhelmingly dominated by 
nonnative fish species (Trammell and Christopherson 1999). In the Colorado River for 1999, it was 
estimated that carp alone comprised 55% of the fish population compared to <5% for Colorado 
pikeminnow. Studies at the Moab site show that, at most, a 250-foot stretch of river adjacent to the 
site can be affected by contaminant discharge during times when river flow conditions permit the 
formation of shallow pools. Accordingly, the threat posed by site-related ammonia contamination is 
temporary and quite small with respect to other factors that are likely to impact fish recovery efforts. 

 



 

 
U.S. Department of Energy  Moab Project Ground Water/Surface Water Update 
March 2006  Doc. No. X0157500 
  Page 5 

Recommendations 
 

• Continue to focus future monitoring efforts in areas affected by current components of the IA. Little or 
no effect from discharge of site-related contamination to the river is expected outside this immediate 
area unless the shoreline configuration changes significantly. 

• While the dynamic river setting makes it difficult to prove direct cause-and-effect relationships, the 
data analyzed in this study suggest that both extraction and injection systems can have a beneficial 
effect on river water quality; concentrations of ammonia in both types of areas appear to have been 
reduced by at least an order of magnitude. If the goal of expanding the IA is to improve surface water 
quality, the emphasis of any expansion should be in areas where habitat is most likely to form and 
where elevated ammonia has been observed in the past.  

• The USFWS has expressed some interest in conducting an intensive sampling effort in potential 
habitat areas. Based on biased sampling results from calendar year 2005 and a review of the 
previous intensive sampling effort conducted by SMI (SMI 2001), it is unlikely that such an effort will 
actually improve our understanding of the site’s impact on habitat areas. Biased sampling and 
analysis has shown that areas visually identified as most likely impacted on the basis of physical 
channel characteristics (e.g., pools, low velocity or stagnant) are indeed those areas most likely 
affected by site contamination. As part of the biota monitoring plan, the occurrence and distribution of 
such areas will be visually identified and tracked over time to improve the understanding of the 
amount of potential habitat that actually occurs in the vicinity of the site. If dead fish are observed, 
surface water samples from those areas will be collected and analyzed. In taking this empirical 
approach to determining site impacts, there is no need for intensive sampling at this time. If results of 
the biota monitoring effort demonstrate a site-related cause-and-effect relationship, additional 
sampling to delineate the extent of potential effect may be justified.  
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