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EXECUTIVE SUMMARY 

This report is submitted in fulfillment of Hanford Federal Facility 
Agreement and Consent Order Milestone M-30-01, Submit a report to EPA and 
Ecology evaluating the impact to the Columbia River from contaminated spri ngs 
and seeps as described in the operable unit work plans listed in M-30-03. 

Springs, seeps, sediments, and the Columbia River were sampled for 
chemical and radiological analyses during the period September 16 through 
October 21, 1991. A total of 26 locations were sampled. Results of these 
analyses show that radiological and nonradiological contaminants continue to 
enter the Columbia River from the retired reactor areas of the 100 Area via 
the springs. 

Contaminants are entering the Columbia River through springs along the 
Hanford Reach. However, the concentrations of contaminants in river water 
samples are generally below analytical detection limits. At locations where 
concentrations are above detection limits, with the exception of specific 
noted locations, the concentrations are significantly lower than drinking 
water standards. Samples of all water collected near the Hanford Townsite 
showed no detectable quantities of radionuclides, and the general chemistry of 
the river was good. Although the constituents added to the river through the 
Hanford springs remain in the water, the impact on the quality of the river 
was not discernible due to the high-dilution factor. 

The primary contaminants in the springs are strontium-90, tritium, and 
chromium. These contaminants were detected in concentrations above drinking 
water standards. Analysis of total organic carbon were run on all water 
samples collected; there is no conclusive evidence that organic constituents 
are -entering the river through the springs. Total organic carbon analyses 
were generally higher for the surface water than for the springs. The results 
of this study will be used to develop a focused, yet flexible, long-term 
spring sampling program. 

Analysis of Columbia River water samples collected at the Hanford 
Townsite {i.e., downstream of the reactor areas) did not detect any Hanford­
specific contaminants. 
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1.0 INTRODUCTION 

Springs and seeps discharge groundwater to the Columbia River along both 
banks within the Hanford Reach. The springs located along the Benton County 
bank are potentially impacted by nuclear operations on the Hanford Site . 

1. 1 PURPOSE AND SCOPE 

This study was initiated, in fulfillment of TPA Milestone M-30-01, to 
evaluate the impact the Columbia River from contaminated springs and seeps. 
This was done by ascertaining the concentrations of chemical and radiological 
constituents discharged through springs into the Columbia River. Definition 
of the chemical and radiological concentrations retained on sediments adjacent 
to springs was attempted . Sediment samples were collected adjacent to the 
springs to indicate retention of contaminants by the sediments. Near-shore 
river water samples were also collected adjacent to the springs . 

River, spring, and sediment sampling was limited to those locations 
along the Hanford Site bank of the Columbia River where springs discharged at 
sufficient volume to allow sampling. The area of interest (Figure 1) extended 
from immediately above the 100-8/C Area water intake (3.7 mi [6 .0 km] below 
the Vernita Bridge) to the Hanford Townsite (25 .2 mi [40 .6 km] below the 
bridge.) 

Sampling was conducted during the period of annual minimum stream flow 
so that the greatest number of springs would be exposed and to provide the 
greatest probability to sample the highest concentrations of potential 
contaminants in the spring water by minimizing the effects of precedent bank 
storage . Maximum concentrations of contaminants ·would be those found in 
nearby groundwater that was uninfluenced by mixing with surface water. 

1.2 OVERVIEW 

Water and sediment samples were collected from 26 locations between 
September 16, 1991, and October 21, 1991, coinciding with the normal low-flow 
period of the Columbia River. Samples were submitted for chemical and 
radiological analyses following onsite screening for radioactivity. Samples 
were controlled under standard chain-of-custody procedures (WHC 1988) 
following their collection. 

Samples were collected from the south and west bank of the Columbia 
River, within the Hanford Reach. The most upstream sample was collected above 
the intake structure at the 100-8/C reactor area. Maps of springs sampled 
during 1984 and 1988 were used to help locate probable spring locations, no 
springs were noted above this location. The most downstream sample was 
collected in the vicinity of the Hanford Townsite downstream of the 100 Area 
National Priority List site boundary. 

Samples were collected in accordance with a sampling procedure developed 
specifically for this task (Appendix A). Onsite screening for radioactive 
constituents was conducted at the radiological laboratory at the 100-N Area. 
No samples were found to exceed radiological standards for shipping. 

1 
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1.3 PREVIOUS STUDIES 

Studies addressing groundwater discharge impacts on the quality of the 
Columbia River have been conducted along the Hanford Reach over the past 
several years. These studies were conducted through Pacific Northwest 
Laboratory {PNL} as part of the Environmental Assessment Program for the 
Hanford Site [McCormack and Carlile {1984} and, Dirkes {1990)]. This study 
differs from the earlier efforts in that the samples were collected, handled, 
and analyzed in accordance with established and defined protocols. 
Approximate sampling locations used in the previous efforts were obtained from 
PNL on map plots at a scale of 1:2000. The detailed work of walking the 
riverbank and locating individual springs conducted by McCormack and Carlile 
{1984} was not repeated during this ~ffort. Those areas indicated on the 
plots provided by PNL were surveyed in the field to pinpoint springs and seeps 
that could be sampled. 

1.4 RELATIONSHIP TO THE GROUNDWATER MONITORING PROGRAM 

Groundwater beneath the Hanford Site is monitored through several 
ongoing programs. The site-wide Groundwater Monitoring Program is conducted 
by PNL for the U.S. Department of Energy {DOE). Sampling frequencies and 
analytical parameters used in this program are determined -through an 
assessment of the activities that can affect groundwater quality. The program 

r is used to assess onsite and offsite impacts due to Hanford groundwater 
discharges. In addition to the site-wide program, specific subareas are 
monitored on supplemental schedules for other parameters. Schedules for 
special efforts are driven by operating needs and/or the requirements of 
investigations under the Comprehensive Environmental Response Compensation and 
Liability Act of 1980 and Resource Conservation and Recovery Act of 1976. The 
data developed during this effort provide a point-in-time check of the Hanford 
Site contributions to the chemistry of the Columbia River. 

2.0 HYDROLOGIC SITTING 

The Hanford Reach of the Columbia River extends from Priest Rapids Dam, 
approximately 10 mi {16 km) upstream of the Vernita Bridge to the Hanford Site 
300 Area, approximately 44 mi {71 km) downstream of the bridge. The river in 
this reach is the only remaining free flowing section above Bonneville Dam. 

In this reach of the river, flow is controlled by Priest Rapids Dam. 
There are no backwater effects of the downstream impoundment at McNary Dam. 
Flow is contained within the natural channel of the river. The Columbia River 
exhibits a normal distribution of discharge that peaks between April and June 
due to snowmelt and is at its minimum during the late fall and early winter. 
Superimposed on this natural flow distribution are hourly, daily, and weekly 
perturbations caused by power generation through the network of Columbia River 
hydroelectric dams, most directly by Priest Rapids Dam, approximately 13 mi 
{21 km) upstream of the first sampling point. 

3 
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During the periods of peak flow (annual and daily), the river may rise 
above the level of adjacent groundwater, causing a reversal of flow direction. 
Surface water is temporarily stored in the bank sediments during these events . . 
As river stage drops, this water is discharged from the sediments back into 
the river; this phenomenon is referred to as 'bank storage'. During extended 
periods of high river stage, the groundwater is restricted from discharging to 
the river by the 'hydraulic dam' of temporarily stored surface water. As the 
river level recedes a mixture of surface and groundwater is released. As time 
progresses the discharged water becomes more representative of groundwater. 

Groundwater discharges to the Columbia River along both banks within the 
Hanford Reach. These discharges are the result of natural and anthropogenic 
influences. Groundwater flows in a general northerly to easterly direction 
from the highlands that border the Hanford Site toward the Columbia River. 
This natural flow system is influenced by a variety of activities on the 
Hanford Site that dispose of water to the ground. This water is predominately 
discharged to the ground in the central portions of the site, and does include 
or has included contaminated waste streams. Plutonium production reactors 
located adjacent to the river discharged large volumes of water (contaminated 
and noncontaminated) directly to the river and to disposal trenches located 
near the river. These activities have resulted in the distribution of 
contaminants addressed in this study . 

Of interest to this study are the effects of Hanford operations on the 
chemistry of groundwater discharges to the river and ultimately the effects of 
those discharges on the quality of the Columbia River. At several locations, 
the groundwater discharges occur as recognizable springs emanating from the 

, banks. Figure 1 shows the locations where springs were identified and sampled 
during this project. 

3.0 SPRINGS 

In an attempt to provide comparability with the previous PNL studies by 
McCormack and Carlile (1984) Dirkes (1990), maps were obtained from PNL 
showing the approximate locations sampled during that effort. Descriptions of 
the springs located between the Vernita Bridge and the Hanford Townsite were 
then used as a basis for developing plans and estimates of the effort required 
for sampling. 

3.1 SELECTION OF SPRINGS 

The spring location maps provided by PNL were field checked to assess 
their representativeness under the 1991 Columbia River flow regime. Springs 
that were accessible for sampling were selected from the mapped locations of 
springs and seeps. A general selection occurred during a 1-day field 
reconnaissance prior to onset of sampling. As the field work continued, 
additional springs were located and sampled. Locations of the selected 
springs were mapped in the field as they were sampled. 

4 
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3.2 SAMPLING 

Access and availability of springs for sampling are dependant on the 
stage of the Columbia Ri¥er. Average annual flow of the Columbia River is 
approximately 120,000 ft /s. Criteria developed for the sampling stated that 
sampling would be conducte~ only when the running 14-day average flow of the 
river was below 120,000 ft /s. 

3.2.1 River Stage 

River discharge at Priest Rapids Dam was obtained through the system 
dispatcher for the Grant County Public Utility District in Ephrata, 
Washington. The Hanford Reach of the Columbia River is subject to frequent 
and rapid changes in discharge due to operations of Priest Rapids Dam. The 
availability of springs for sampling and the influence of bank storage depend 
on river stage. Discharge during sampling was generally lowest early in the 
day, rising noticeably around noon and then receding sometime after dark. 
Over the period of this study, flows were generally highest during mid-week 
and lowest on the weekends. River discharge forecasts were obtained prior to 
attempting to sample springs exposed only at very low stage. These forecasts 
proved generally unreliable as power needs varied. Sampling efforts were 
aborted on several occasions when the river rose and inundated spring 
locations. 

The previous 10 yr of record for daily discharge of the Columbia River 
at Priest Rapids Dam were obtained from the U.S. Geological Survey (USGS), 
Water Resources Division. A comparison of the 10-yr average derived from the 
USGS data and the discharge reported by the Grant County Public Utility 
District for the period of sampling are shown in Table 1 and graphically 
presented in Figure 2. Discharge during the sampling period was generally 
greater than the 10-yr average. 

3.2.2 Evaluation of Springs Prior to Sampling 

Measurements of spring temperature, pH, and conductivity were taken at 
5-min intervals for a period of 1 h prior to attempting collection of samples 
for analysis. 

Temperature: Measurements were obtained by placing the instrument 
thermistor probe in the spring and recording the temperature. Care was taken 
to minimize external influences by shading the spring during the period of 
measurement. Spring temperatures remained generally stable, and only one 
sampling point changed more than 0.7° C during the 1-hr period. 

The premise behind the 1 h of measurements was that if a substantial 
portion of the spring discharge was derived from bank storage the temperature 
would be expected to approach groundwater temperature as time progressed. 
Figures 3 through 8 show the relationship of time verses temperature for the 
springs sampled. In the majority of cases, temperature had stabilized for 
more than three consecutive measurements before the springs were sampled. 

5 
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Table 1. Columbia River Discharge, Historical and Period of Sampling (ft3/s} . 

Sept-16 
Sept- 17 
Sept- 18 
Sept-19 
Sept-20 
Sept-21 
Sept-22 
Sept-23 
Sept-24 
Sept-25 
Sept-26 
Sept-27 
Sept-28 
Sept-29 
Sept-30 
Oct-01 
Oct-02 
Oct-03 
Oct-04 
Oct-OS 
Oct-06 
Oct-07 
Oct-08 
Oct-09 
Oct-10 
Oct-11 
Oct-12 
Oct-13 
Oct-14 
Oct-15 
Oct-16 
Oct-17 
Oct-18 
Oct-19 
Oct-20 
Oct-21 

10-yr 14-day Avq. 1 

79,407 
78 , 448 
78 , 679 
78,554 
77,724 
77,194 
76,926 
76 , 444 
76,109 
76,029 
75,961 
75,686 
75,606 
75,385 
74,852 
75,404 
75,296 
75,689 
76,259 
76,776 
76 ,811 
77,541 
78,199 
78,866 
79,223 
79,839 
80,167 
81,350 
82 , 317 
82 , 233 
82,462 
82,561 
82,727 
82,719 
82,914 
82,889 

'91 14-day Avq. 2 

89,162 
88,708 
87,923 
86,731 
85,015 
84,869 
85,038 
85,846 
86,038 
85,385 
85,238 
85,262 
86,362 
85,271 
85 , 421 
86,214 
86,329 
87,793 
89,000 
88,557 
87,300 
86 ,757 
85,943 
85,864 
86,086 
87,021 
88,193 
88,450 
88,414 
87 , 093 
85,742 
86,450 
85,843 
87,014 
88,557 
88,707 

'91 Daily 

83 ,600 
89 ,000 
93 , 500 
85,800 
82,400 
79,800 
77,400 
93,000 
97,000 
90,900 
94,800 
85,500 
70,000 
71,100 
85,700 

100,100 
95,100 

106,300 
99,300 
73,600 
59 ,800 
85,400 
85,600 
89,800 
97,900 
98,600 
86,400 
74,700 
85 , 200 
81 ,600 
76,200 

116,200 
90,800 
90,000 
81,400 
87,500 

1
> 10-yr 14-Day Avg -- The running 14-day average flow, derived using the 10-

yr daily mean flow (USGS Data). 

2
> '91 14-Day Average -- The running 14-day average flow at Priest Rapids 

Dam, obtained from Grant County Public Utility District, for the days of 
concern. 
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The pH measurements were taken by inserting the pH electrode directly 
into the spring. The measurement was recorded once the meter had 
equilibrated. The pH appeared to decrease over the period of measurement. 
The noted changes were consistent between springs as shown in Figures 9 
through 14. The consistency of the changes suggests that pH electrode 
response is the most likely reason, rather than actual changes in pH . 

Electrical conductivity provides a gross indicator of the total ionic 
strength of water (concentration of total dissolved solids} . The Columbia 
River generally has a low-electrical conductivity, indicating the river has 
low-dissolved solids content. Groundwater generally exhibits higher 
electrical conductivity than the river due to the higher total dissolved 
solids content resulting from interactions with the aquifer matrix. 

Measurements were taken by collecting an aliquot of water in the cup of 
the conductivity bridge and reading the resulting value. Values of spring 
electrical conductivity ranged from 140 micro siemens per centimeter (µS/cm} 
to 335 µS/cm. The changes of electrical conductivity with time before 
sampling are shown in Figures 15 through 20. Conductivity values for the 
river ranged from 91 µS/cm to 301 µS/cm. At 22 of the 28 locations where 
river conductivity was recorded, the values ranged from 91 µS/cm to 139 µS/cm. 

3.2.3 Sample Collection 

The procedure used for collection of spring, sediment, and river samples 
is included as Appendix A to this report. The procedure was developed to 
encompass foreseeable occurrences that might occur during field work. In some 
instances field operations required deviation from written protocols. In 
these instances deviations were recorded in the daily log and a variance or 
nonconformance report was prepared that described the alternate actions taken. 
Variance/nonconformance logs are contained in Appendix B to this report. 
Suggested changes to the field procedure based on experience are provided in 
Section 5.0, Recommendations. 

3.2.4 Sample Handling 

Samples were labeled, bagged, and iced immediately after collection. 
Aliquots of the spring water, river water, and sediment samples were 
transported to the Westinghouse Hanford Company (Westinghouse Hanford} Health 
Physics Screening Laboratory at 100-N Area for radiological screening before 
the primary samples were shipped offsite. Chilled samples were controlled 
under chain-of-custody pending receipt of permission for offsite shipment. 
Once permission was received, the samples were repackaged in additional ice, 
secured for shipment and delivered to Westinghouse Hanford Transportation for 
shipment to Westinghouse Hanford's contract laboratory. Analytical services 
for this effort were provided by TMA Norcal and Weston Analytical Services. 
Analyses were returned to Westinghouse Hanford Office of Sample Management 
(OSM} for validation. 
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River conductivity= 126 uS/cm at 63 minutes corresponds to spring sample B01579 

River conductivity= 125 uS/cm at 60 minutes corresponds to spring sample B01583 
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3.2.5 Quality Control/Quality Assurance 

Quality Control/Quality Assurance was accomplished through the 
collection of duplicate samples at two locations (four samples; two river and 
two spring). These samples were submitted as blind samples to the laboratory 
through the normal procedures for sample submission. The analytical results 
of these duplicate samples are provided along with other analyses in the 
Appendixes to this report. 

3.3 DATA ASSESSMENT 

Chemical and radiological data, as well as the onsite measurements, were 
evaluated to assess contaminant levels. As discussed in Section 3.3.2, field 
measurements of temperature and conductivity indicate that, in the majority of 
instances, the samples collected from the springs are interpreted to be 
representative of groundwater. In a few cases these parameters indicate that 
a mixture of surface and groundwater may have been sampled. In areas such as 
100-N, where large quantities of deionized water have been discharged to the 
ground, groundwater chemistry may exhibit electrical conductivity intermediate 
between groundwater and the adjacent Columbia River. 

The radiological data derived from analysis of the water and sediment 
samples were evaluated to assess the relative contribution of radionuclide 
loading on the Columbia River. Gross alpha and gross beta analyses were taken 
as overall indicator parameters, no attempt was made to correlate the 
concentration of indicators with the concentration of specific radionuclides. 
A general correlation exists for example between the gross beta concentration 
and the concentration of strontium-90 (90Sr), a beta emitting radionuclide. 
However, the gross beta value includes all possible beta emitting 
radionuclides. Concentrations of radionuclides analyzed through the gamma 
scan are generally reported as 'less than' values, in spite of the fact that 
many of those numbers are large. No 'less than' values were used in 
evaluating contaminant contributions. 

This report summarizes the data by contaminant type and by sample 
location (i.e., reactor area). Although drinking water standards (Table 2) 
are used for comparison, no implication is made that these standards are the 
sole basis for addressing the impact of contaminant concentrations. 

Table 2. Drinking Water Standards for Prime Hanford Contaminants 
(40 CFR 141). 

Tritium 
Strontium-90 
Chromium 
Nitrate-nitrogen 

20,000 picocuries per liter (pCi/L) 
8 pCi/L 

50 ug/L 
10 mg/L (45 mg as N03 ) 
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3.3.1 Primary Contaminants 

Contaminants are entering the Columbia River through springs along the 
Hanford Reach. The majority of the contaminants enter the river from five 
areas, 109,-B, 100-N, 100-0, 100-H, and 100-F. The primary contaminants are 
tritium ( H), 90Sr , chromium (Cr), and nitrate (N~). 

Tritium: 3H is the most wide spread constituent present. 
Concentrations of 3H range from less than 200 pCi/L to a maximum of 24,300 
pCi/L. Measured concentrations at or above current drinking water standards 
are restricted to springs located at 100-B and 100-N areas. 

Strontium-90: 90Sr occurs in springs at levels exceeding allowable 
drinking water standards in the 100-N, 100-H, 100-K, and 100-F areas. 
Concentrations of 90Sr are near the detection limits in other springs. 
Concentrations determined through this study ranged from a high of 
3,200±70 pCi/L to lows of <0.2 pCi/L. 

Strontium-90 was detected in all of the sediment samples. 
Concentrations ranged from 0.2 picocuries per gram (pCi/g) at 100-H Area to a 

c high of 207 pCi/g at 100-N Area. 

Chromium: Concentrations of Cr near or above drinking water standards 
are restricted to spring samples from the 100-B, 100-0, and 100-H areas . The 
spring at the 100-0 area, for which data are available (123 mg/L), exceeded 
the drinking water standard by a factor of almost three. Chromium is the 
primary contaminant identified for the 100-H and 100-0 areas (DOE-RL 1990). 

Chromium was detected in all the sediment samples. Chromium is a 
naturally occurring element and is common to sediments derived from basaltic 
environments such as at the Hanford Site. Chromium levels ranged from a low 
of 9.1 milligrams per kilogram (mg/kg) to a high of 107 mg/kg. The highest 
level of Cr in sediments did not correlate with the highest levels found in 
spring water. 

Nitrate: Concentrations of NO ion ranging from 1.6 to 5.5 milligrams 
per liter (mg/L) were determined to be present in all springs sampled. None 
of the springs showed concentrations in excess of drinking water standards. 
Nitrate values reported in this document are as nitrate (N03), values should 
be divided by 4.5 to equal nitrate-nitrogen concentrations. 

3.3.2 Spring Discharges by Area 

Appendix C provides the chemical data for the springs and associated 
river samples derived during · this study. Appendix D provides the radiological 
data for those same samples. All the data is provided by sampling location, 
in downstream order from the 100-B/C Area to the Hanford Townsite. 

3.3.2.1 100-B/C Area. Three springs were sampled, but laboratory analytical 
results have been received for only two sites. Detectable concentrations of 
Cr [41 and 54 micrograms per liter (µg/L)] along with 3H (20,600 and 
13,000 pCi/L) and total uranium (1.6 and 272 pCi/L) discharge to the river 
from the 100-B/C Area. Sampling of the Columbii River adjacent to these 
springs showed concentrations of Cr at 6 µg/L, Hat 300 pCi/L, and total 
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uranium at 0.4 pCi/L. Contaminants being discharged to the river coincide 
with known groundwater contaminants at this location. 

Spring temperatures were the highest measured of all the reactor areas, 
ranging from 20°C to 22°c. 

The 3H concentration observed during the 1991 sampling was significantly 
higher than that earlier reported. Dirkes (1990) reported a 3H concentration 
of 1,100 pCi/L, while this study determined a concentration 20,600 pCi/L. 
Nitrate concentrations at this location were reported at 6.7 mg/L versus 
2.3 mg/L determined during this study. Differences in concentration are not 
readily explained, but are probably due to the effects of river stage history 
immediately preceding sampling for the two sampling periods. 

Analyses of sediment samples show that some residual radionuclide 
contamination exists at the 100-B/C Area1 Positive analyses were noted for 
90Sr at 0.3 ~nd 0.4 pCi/g, cesium-137 (13 Cs) at 0.15 and 0.03 pCi/g along with 
radium-226 ( 26Ra) at 0.7~ and 0.45 pCi/g, thorium-228 (228TpJ, at 1.0~ and 0.78 
pCi/g and thorium-232 (23 Th) at 0.96 and 0.67 pCi/g. The Ra and 28Th 
concentrations probably relate to the level of total uranium found in the 
spring sample analysis. 

Nonradiological analyses of the sediments showed no elevated 
concentrations of metals. Chromium concentrations of 52.1 and 51.7 mg/kg are 
within the bounds of natural levels. 

3.3.2 .2 100-K Area. Three sprin~s were sampled. Detectable concentrations 
of Cr (17, 64.5, and 13.9 µg/L), H (1,400, 400 and 8,900 pCi/L), 90Sr (a 
single detection at 8.8 pCi/L), technetium-99 (99Tc) (a single detection at 
5.2 pCi/l) and total uranium (1, 0.24, and 1.1 pCi/L) were found. The springs 
at 100-K Area discharge at rates significantly below those of other springs 
sampled. Samples of the Columbia River adjacent to the springs at this 
location showed ranges in concentration for Cr (2 to 6 µg/L), 90sr (0.4 to 
0.7 pCi/L), 99Tc (single detection at 0.2 pCi/L) and total uranium (0.3 to 
0.5 pCi/L). Tritium concentrations were all below the statistically derived 
concentration. 

The flow rate of the upstream springs in the 100-K Area is minimal, this 
low flow rate is understandable as they appear to be predominantly through the 
Ringold formation. The fine grained nature of the Ringold Formation 
accomplishes two things; 1) it provides the maximum time of travel for 
contaminants, allowing for maximum decay, and 2) the fine grained materials 
provide the maximum opportunity for adsorption processes to take place. 

Water temperature ranged from 15.6°C to 16.7°C for the three springs 
sampled. Temperatures were constant over the presampling interval at each of 
the springs. Measurements of pH exhibited the universal lowering with time 
that is attributed to pH electrode response. Conductivity measurements were 
within normal variation with the exception of Sample No. B015D2. At this 
location, the temperature compensation adjustment was changed, thereby 
affecting the conductivity measurements. Successive measurements after the 
change remained consistent and constant indicating that the spring chemistry 
did not change. 
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The low concentrations of various constituents is compatible with the 
limited ongoing activities in 100-K Area and the restriction of most 
groundwater discharge to the Ringold formation. No comparison with analyses 
of Dirkes (1990) are possible as no springs were located during that effort. 

Sediment analyses from the 100-K Area show low concentrations of 90Sr, 
ranging from 0.2 to 0.6 pCi/g. Cesium- 137 concentrations range from 0.148 to 
0.214 pCi/g, indicating that this radionuclide has discharged through the 
springs during the site's history, even though it is not currently detectable 
in sprin~discharges. Other radionuclides present in quantifiableJ:mounts 
include 6Ra (0.73 to 1.02 pCi/g), 228rh (0.79 to 1.52 pCi/g), and 2Th (0.78 
to 1.42 pCi/g). 

Results of sediment analyses are presented in Appendix E. 

3.3.2.3 100-N Area. Five springs were sampled. The springs at 100-N Area 
were sampled in conjunction with the annual sampling conducted by the 100 Area 
Environmental Assurance personnel. Sampling was done following the general 
protocols developed for the overall spring sampling effort while under the 
direct guidance of 100-N Area Health Physics Technicians for radiation safety 
procedures. Some deviation from the protocols was allowed to facilitate 
coordination wi th 100-N Area personnel . This deviation from procedure was 
limited to reducing the number of presampling measurements; in all cases 
measurements were taken toward the end of the I-hr period. Detectable 
concentrations of several contaminants were found in the springs at 100-N 
Area. Chromium was reported at the 2 µg/L detection limit in two springs and 
at levels ranging from 2.1 to 3.1 µg/L in the others . Gross beta level s 
ranged from 5 to 6,850 pCi/L in waters from the springs . Tritium 
concentrations ranged from 3,400 to 24,300 pCi/L. Strontium-90 was detected 
at concentrations of 3,210 and 395 pCi/L. Technetium-99 concentrations ranged 
from 2.5 to 6.2 pCi/L . A single detection of antimony-125 (31 pCi/L) was 
observed. 

The 100-N Area springs provided the highest concentrations of 
radiocontaminants observed during this sampling effort . Nonradiological 
contaminants were detected at low levels . Although the N-Reactor is the most 
recently used facility along the river, total uranium concentrations are among 
the lowest determined. The presence of 90Sr (3,210 pCi/L) in Sample B015C8 
at levels well above the drinking water standard and is consistent with 
results of previous samplings of these springs. Analysis of the spring data 
shows that the concentrations of contaminants varies along the 100-N Area 
springs. The furthest upstream sample, Sample B015C8 showed the highest 
concentration of 90Sr. Sample BO\SFO, taken approximately 0.2 mi downstream 
has the highest concentration of H. 

Analysis of Columbia River water collected adjacent to the 100-N Area 
springs showed contaminant concentrations significantly below the spring 
concentrations. Chromium concentrations ranged from 2 to 6 µ~/L for ri ver 
samples. Gross Beta analyses ranaied from I to 2 pCi/L while H ranged from 
<200 to 800 pCi/l. Results from Sr analyses ranged from a <0.8 to 90 pCi/L 
(Sample 8015D5). Three positive analyses for 99Tc ranged from 1.7 to 
3.9 pCi/L. A single positive 226Ra analysis of 22.5 pCi/L was determined 
through the gamma scan. The rapid dispersal of contaminants in the river at 
100-N Area can be attributed to the flow characteristics at that location . 
The river is flowing in a northeasterly direction past 100-N Area, without 
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islands or bank protrusions to deflect the current or cause eddies. The banks 
are steep, with water reaching depths of up to 10 ft close to shore. 

Significant decreases in radionuclide contributions to the Columbia 
River are noted between those derived during this sampling and those reported 
by Dirkes (1990). Some constituents have remained constant, while none have 
increased in concentration . In the spring at River Mile 8.9, gross beta 
concentrations have been reduced from 13,800 pCi/L to 6,830 pCi/L, a factor of 
two . Tritium concentrations have reduced from 111,000 pCi/L to 15,900 pCi/L, 
a factor of nearly seven. Strontium-90 concentrations in 1988 were reported 
at 6,680 pCi/L, while 1991 concentrations were determined to be 3,210 pCi/L, 
again a reduction by a factor of about two. Nitrate concentrations have been 
reduced from 28.6 mg/Lin 1988 to 1.4 mg/Lin 1991, a factor of almost 20. 
Similar, yet not as dramatic changes in concentration are noted further 
downstream. These changes can be partially attributed to the inactive status 
of the N- Reactor and the near total cut-off of liquid discharges to 
contaminated cribs and trenches in the 100-N Area and partially to the 
possible influence of the Columbia River during the period these springs were 
sampled. Comparison of the sampling results from the 100-N Area springs with 
shallow groundwater well data will be necessary to fully address the reasons 
for the lower concentrations of radiocontaminants noted through this study . 

The concentration of 90Sr ran~ed in sediments from less than detectable 
to 207 pCi/g. Other radionuclides 37Cs, 226Ra, 228Th, and 232Th were within the 
range present in other reactor area spring sediments. Potassium-40 (4°K), a 
naturally occurring radionuclide was present at an average concentration of 
12 .7 pCi/g in sediment samples. 

Concentrations of analytes in 100-N Area sediments are shown in 
Appendix E. 

3.3.2.4 100-D Area. Two springs were sampled at 100-D Area. At this time 
the analyses from only one of these springs have been returned. This spring 
(Sample B01593) showed the highest concentration of Cr (j23 µg/L) of all 
sample locations. ~ther contaminants detected included Hat 3,100 pCi/L, 
90Sr at 1.8 pCi/L, Tc at 4.9 pCi/L, and total uranium at 1 pCi/L. Analysis 
of Columbia River water at this location showed a Cr concentration of 
8.8 µg/L. All other contaminants were below the detection limit. 

The springs at 100-D Area showed the second highest temperatures of 
those springs sampled. The springs were discharging at 18.2°C and 18.9°C. 

The pH and conductivity of the springs stabilized after 10 min in both 
springs. The range of pH was 7.55 to 7.31 between the springs. Conductivity 
range for the two springs was 268 to 302 µS/cm. 

Comparison with concentrations reported in Dirkes (1990) is difficult 
because of the relatively low concentratioY,s and the statistical nature of 
radionuclide analyses. Concentrations of H were determined to be higher in 
1991 than those reported in Dirkes (1990) for the spring at River Mile 11 . 
This spring discharges close to the river level and may well have hydrologic 
influences affecting the chemistry. Dirkes (1990) did not analyze for Cr at 
this location. 
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No analyses of sediment samples collected from the 100-D Area have been 
received. 

3.3.2.5 100-H Area. Five springs were located and sampled at 100-H Area. 
All of the sampled springs showed Cr contamination, ranging from 15.7 to 
47.4 µg/L. Tritium concentrations ranged from 400 to 3,800 pCi/L while 90Sr 
concentrations ranged from 0.4 to a high of 12 .7 pCi/L. Four of the springs 
had total uranium concentrations of about 1 pCi/L while Sample 801591 had a 
high of 278 pCi/L. Columbia River samples collected adjacent to the springs 
were at or very near the detection limits for contaminant species. 

The temperature of the springs emanating at the 100-H Area is close to 
normal groundwater temperatures and ranged from 13.5°C to l6.l°C. Sample 
8015D6, the furthest downstream, exhibited the highest temperatures. Sample 
801587 was the only spring to exhibit a definite increase in temperature 
during the 1-h presampling monitoring. Temperature rose from 14.4°C to 
15.1°C, over a 5-min interval, where it stabilized. 

The pH of the individual springs in this area stabilized earlier than 
any of the other springs, generally within 10 min of the first measurement. 

Electrical conductivity measurements were relatively constant during the 
measurement interval. Samples 801595 and 8015D6 exhibited lower electrical 
conductivity than the more upstream 100-H Area springs. Sample 8015D6 had an 
average electrical conductivity of only 156 µS/cm. This value could be 
indicative of dilution of groundwater with river water. This possibility is 
reduced by the parallel high temperature of the spring indicating thermal 
influences in the groundwater system. 

The changes in field-measured parameters in this area indicate the 
possibility of bank storage influences on the chemical and physical make-up of 
the springs sampled. While the parameters measured are indicative of the 
status of discharges on the day sampled, they may not be totally 
representative of the chemistry following an extended period of low river 
flow. 

Elevated Cr concentrations are consistent with known contamination of 
the groundwater system at this area (DOE 1990). The level of Cr reaching the 
river through the springs is at or slightly below the concentrations expected 
based on historically reported groundwater concentrations. 

The concentration of total uranium (278 pCi/L) in spring water from this 
area is well above the level that was anticipated (Evans et al. 1990). This 
presence of total uranium in the groundwater is consistent with materials that 
have entered the groundwater system through operations at 100-H Area . 

High NO concentrations are reported for groundwater at 100-H Area and 
were anticipaled from the spring samples collected in this reach. Nitrate 
concentrations in groundwater at 100-H convnonly exceed the drinking water 
standard of 45 mg/L. All samples collected were below this level by a factor 
of 10, further indicating the probability of bank storage effecting chemical 
and radiological concentrations. 
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Direct comparison with the results reported in Dirkes (1990) is 
difficult. Sampling of a single spring at River Mile 15 during that study was 
reported to be influenced by a recent change in river level and the 
possibility of bank storage influence on spring chemistry. Similar conditions 
existed during this study. 

Sediment samples collected from the springs at 100-H Area showed 
positive detections of 90Sr for three of the samples. The concentrations were 
0.3, 0.2, and 0.9 pCi/g among the lowest of the positive detections for this 
radionuclide. Cesium-137 was detected in the sediments from all five springs 
at an averaged concentration of 0.26 pCi/g. Naturally occurring 4°K was the 
most prevalent radioactive component in the sediments, averaging 13.3 pCi/g. 
Average concentration~ for other detected radionuclides were; 2 Ra at 
0.74 pCi/g, 228rh and 2Th both at 1.03 pCi/g. 

Results of sediment analyses are presented in Appendix E. 

3.3.2 .6 100-F Area. Two springs were sampled adjacent to the 100-F Area and 
an additional four springs sampled immediately downstream of the area. 
Concentrations of all constituents were close to the detection limit except 
for positive values for 90Sr of 46 and 2.5 pCi/L. Sample Number B015B3, 
collected approximately 2.8 mi downstream had a reported 90Sr concentration of 
40 pCi/L . The drinking water standard for 90Sr is 8 pCi/L. Analyses of 
samples of the Columbia River were all reported as less than the detection 
limit. 

Temperature of the springs at 100-F Area was indicative of mixed water 
sources, ranging from l6 .8°C to 13.8°C. Values remained constant for the 
entire presampling period. Such a wide range of temperature is unusual for 
non-thermally altered groundwater. River temperature at the time of sampling 
ranged from 18.3°C to 20.0°C, respectively. The pH of the springs stabilized 
after 40 min., and final readings ranged from 7.3 to 7.5. Conductivity 
measurements indicate possible mixing of groundwater and river water in Sample 
B01597 with a conductivity of 170 µS/cm and a higher percentage of groundwater 
contribution in the other springs, ranging from 260 µS/cm to 320 µS/cm. 

Direct comparison with Dirkes (1990) is not possible, as no 100-F Area 
springs were located during that effort and, therefore, were not sampled. 

Sediments from springs at 100-F Area showed one positive occurrence of 
90Sr at 20 pCi/g (Sample 801597). This sample corresponds with the spring 
sample that showed a concentration of 46 pCi/L. Cesium-137 was detected at an 
average concentration of 0.35 pCi/g. Positive detections of europium-155 
(

155 Eu) were found in these spring sediments and ranged from 0.326 to 
0.066 pCi/g. Cobalt-60 (60Co} was detected in the gamma scan analyses at 
levels ranging from 0.06 to 0.25 pCi/g. Average concentrations for other 
radionuclides were; 226Ra at 0.77 pCi/g, 228Th at 1.24 pCi/g and 232Th at 
1.19 pCi /g. 

Sediment analyses are presented in Appendix E. 

3.3.2.7 Hanford Townsite. Three springs were sampled in the vicinity of the 
Hanford Townsite. All analyses showed concentrations of potential 
contaminants at or below the detection limit. Water from the river was at or 
below the detection limit for suspected contaminants . 
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Sediment samples from the Hanford Townsite springs showed positive 
detections of several radionuclides including 60Co, 137Cs, europium-152 (1 52Eu}, 
155 Eu, 226Ra, 228Th, 232Th, and total uranium. These results are provided in 
Appendix E. 

Dirkes (1990} did not sample these springs at the Hanford Townsi t e, 
therefore comparisons are not possible . 

4.0 PRELIMINARY ASSESSMENT OF IMPACT 

4.1 COLUMBIA RIVER 

Contaminants are entering the Columbia River through springs along the 
Hanford Reach. However, the concentrations of contaminants in river water 
samples are generally below analytical detection limits. At locations where 
concentrations are above detection limits, with the exception of specific 
noted locations, the concentrations are significantly lower than drinking 
water standards. Samples of all water collected near the Hanford Townsite 
showed no detectable quantities of radionuclides, and the general chemistry of 

~ the river was good. Although the constituents added to the river through the 
Hanford springs remain in the water, the impact on the quality of the river 
was not discernible due to the high-dilution factor . 

. n 4.2 SPRINGS 

Water emanating from springs in the vicinity of retired reactor areas 
commonly exceeds regulatory (drinking water} standards for one or more 
contaminants. Depending on river stage, this water either enters the Columbia 
River directly or within several feet of where it surfaces and is rapidly 
diluted by the river. The chemistry of the springs sampled during this study 
cannot be absolutely designated as either groundwater or stored surface water . 
It is evident that groundwater contaminants enter the river through these 
springs. The sediments that are influenced by changes in river level serve as 
a zone of mixing for the groundwater and surface water. 

While positive quantities of contaminants were noted entering the river, 
the mixing of contaminated water with the noncontaminated Columbia River 
resulted in levels of contaminant concentrations that were below the 
analytical detection limits used in this study. Work plans for the 100 Areas 
have called for additional studies to address the impact of groundwater 
discharges on the Columbia River. This study, as well as earlier studies by 
Dirkes (1990} and McCormack and Carlile (1984} point out the difficulties 
associated with relating spring discharge chemistry to river chemistry. It is 
the authors' impression that time and effort are better spent concentrating on 
the springs and the complex interrelationship of the groundwater and surface 
water flow systems than on attempting 'whole river' analyses of groundwater 
inflow. 
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5.0 RECOMMENDATIONS 

During the course of this effort it became apparent that certain 
revisions to the requirements and/or procedures could be implemented without 
sacrificing the quality and acceptability of the resulting data. In addition, 
certain administrative actions could be taken to supplement and ensure that 
the effort could proceed more effectively. These reconvnendations are detailed 
in the following sections. 

5.1 PROCEDURAL CHANGES 

5.1.1 Presampling Trend Measurements 

Current: The procedure states that measurements of temperature, pH, and 
electrical conductivity will be taken at 5-min intervals for a period of 1 h 
prior to the onset of sampling activity. 

Proposed : Field measurement of temperature, pH, and conductivity will 
be taken upon arrival at the sampling site and subsequently during sampling 
and at the completion of sampling. A minimum of four measurements will be 
taken and recorded. 

Justification: Field practice showed that these measurements did not 
change appreciably over the period of sampling after stabilization of 
instruments. The current requirement had an adverse impact on several 
occasions when sampling was aborted due to rapidly rising river levels. 
Reducing the amount of time spent at each spring would allow more rapid 
sampling of the springs and provide a more synoptic view of spring discharges. 
The understood purpose of this requirement was to allow determination of the 
influences of bank storage on the effluent water. As measured, these 
parameters were only of minimal use in determining whether or not the samples 
represented surface water, groundwater, or a mixture of the two. Detailed and 
extensive instrumentation of every spring is not justified. 

5. 1.2 Locating Identification Cairns 

Current: The procedure states that one cairn at each site should be 
placed above the high-water line. 

Proposed : Eliminate the necessity for above high-water line placement. 

Justification: At the 100-B Area, in some areas downstream of 100-D 
Area and at 100-K Area, the lateral distance to reach a point above the high­
water line is sufficiently far that cairn would be out of sight. 

5.1.3 Sediment Sample Depth 

Current: Samples of sediments are to be collected from the top 4 in . of 
sediments at each spring site . 
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Proposed: Eliminate depth restriction, allowing sediments to be 
collected from whatever depth is necessary to provide sufficient sample mass . 

Justification: The cobbly nature of the typical spring site makes this 
requirement excessive. Fine-grained sediments collected deeper than 4-in. 
will be equally representative of potentially contaminated soils at any spring 
site. 

5.1.4 Installation of Well Points 

Current: Well points may be installed to enhance the ability to collect 
spring samples. 

Proposed: Eliminate reference to well points. 

Justification: Although installing well points may ensure a constant 
sampling location, such installation is impractical. The extremely cobbly 
nature of the spring locations makes the possibility of well point 
installation unrealistic . Gross excavation to improve the spring discharge 
area proved to be the most practical means of providing a sampling site. 

5.1.5 Sample Collection Sequence 

Current: Collect sediment sample prior to spring/seep improvement. 

Proposed: Allow collection of sediment sample following collection of 
water samples . 

Justification: Difficulties in obtaining sufficient sediment quantities 
(2 kg) results in high turbidity in the spring water. The ability to defer 
sediment sampling until after collection of the water will speed the entire 
sampling process. Stabilization of the sediments at the sampling point will 
not adversely affect the representativeness of the sediment samples. 

5.1.6 Sample Containers 

Current: Total activity screening calls for glass or plastic small vial 
[~I milliliters (ml)]. 

Proposed: Increase the volume required to 500 ml for water and 250 ml 
for sediment. 

Justification: The volume required ·is dependent the screening 
laboratory used. The increased container size is sufficient to meet the 
requirements of all screening laboratories. 
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5.2 ADMINISTRATIVE/PROCESS CHANGES 

5.2.1 Co11111unication 

Westinghouse Hanford convnunication with outside personnel during the 
collection of the spring sample was limited to a plant radio . Use of or 
access to a cellular telephone to contact the operators at Priest Rapids Dam 
or other support personnel would be advantageous. 

5.2.2 Sample Refrigeration 

Access to a sample-holding refrigerator would significantly affect the 
cost and time associated with sample preservation. Such a refrigerator could 
be located at the embarkation point or at a location close to the screening 
laboratory. Ice would only be needed for cooling immediately following 
collection and for ultimate shipment. There would be no need to care for 
samples over weekends and other nonwork periods. 

5.2.3 Flow Control 

Administrative agreements should be made with the Grant County Public 
Utility District, the U.S. Army Corps of Engineers and the Bonneville Power 
Administration to control the flow of the Columbia River during the period of 
sampling. This control would provide assurance that springs would be 
available for sampling as required. Overall time and expense of sampling 
could be reduced by up to 30% if this control was instituted. Attempts to 
plan and conduct field activities based on projections of flow proved 
unreliable. 

5.2.4 Instruments 

Use of a portable data logger to collect pH, temperature, and 
conductivity data from the springs is recommended. 

5.2.5 Absolute Location 

During this effort, the boat used had Long Range Navigation onboard, 
this instrument provided a general latitude and longitude for the sampling 
location. Handheld Global Positioning Satellite units are currently available 
that could be used to define actual location to within ±25 ft (7.62 m) . Use 
of Global Positioning Satellite technology would permit rapid, reproducible 
reduction of sampling locations to the Computer Aided Design mapping system, 
currently available at the Hanford Site. 

5.2.6 Spring Notation 

As the springs are sampled over time a great deal of confusion will be 
generated when attempts are made to correlate analyses from separate sampling 
episodes. A distinct spring notation system should be developed and 
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implemented. This system should be compatible with the well location and 
numbering system in use at the Hanford Site. 

5.3 SCOPE CHANGES 

Changes in the scope of sampling and analys i s activities are suggested 
based on the quantity, quality and usefulness of the data collected during 
this effort. 

5.3.1 Numbers of Springs Sampled 

Sampling of springs in the vicinity of the 100 Areas Groundwater 
Operable Units should be continued. The data derived through a continued 
monitoring effort can be used to assess the overall impact of remediat ion 
efforts. Without sufficient precedent information an analysis of cleanup 
success will be difficult or impossible to make. For the 100 Areas sampling 
of the Hanford Townsite is not necessary. 

5.3.2 Collection of Near Shore River Samples 

Sampling the Columbia River immediately adjacent to the springs should 
only be done where contaminants are entering the river at levels above some 
agreed upon level . Based on this study, near shore sampling would be 
recommended for the 100-N and 100-F areas only . 
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1.0 PURPOSE 

This procedure is designed to provide a consistent means of sampling 
springs/seeps and streams so that the analytical results are indicative of 
environmental conditions at the sampling point. 

2.0 SCOPE 

This procedure applies to sampling of springs/seeps and adjacent near­
shore waters of the Columbia River and is limited to IT Corp., Westinghouse 
Hanford and their subcontractors involved in the 100 Area spring sampling 
effort. 

3.0 DEFINITIONS 

Spring/seep. An area along the bank of the Columbia River where 
groundwater is discharging to the surface. 

Drive Point. A commercially available device commonly used to create a 
small diameter well. Drive points are available in a narrow range of 
diameters (1.25 to 2.5 in.), and are commonly 1.5 to 2.0 ft long. 

4.0 RESPONSIBILITIES 

Specific individual responsibilities may vary depending on the magnitude 
of the sampling operation. Personnel will be assigned to the effort and their 
responsibilities designated by the Field Team Leader. The following 
responsibility descriptions are presented as general guidelines. 

4.1 IT CORP. FIELD TEAM LEADER/COGNIZANT ENGINEER 

The Field Team Leader/Cognizant Engineer is responsible for: 

• Directing field operations 
• Coordinating IT, Westinghouse Hanford, PNL support activities 
• Assigning sampler responsibilities 
• Maintaining Field Logbook(s) 
• Coordinating transportation and shipment of samples 
• Acquiring sample numbers from OSM. 
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4.2 WESTINGHOUSE HANFORD FIELD REPRESENTATIVE 

The Westinghouse Hanford Field Representative is responsible for direct 
interface between subcontractors. 

4.3 IT CORP. SAMPLER 

The Sampler(s) reports to the Field Team Leader and is responsible for: 

• Installation of sample site improvements and location markers 

• Completing appropriate forms as directed for each sample 

• Ensuring that proper sample containers are used 

• Containerizing, labeling, and sealing (e.g., evidence tape) 
individual water and sediment samples 

• Maintaining field custody (in accordance with Environmental 
Investigations and Site Characterization Manual (Ell) 5.1 "Chain of 
Custody" (WHC 1988) for all samples pending transportation to the 
analytical laboratory and 

• Performing decontamination of sampling equipment 

• Conducting required field measurements . 

5.0 REQUIREMENTS 

5.1 SAFETY REQUIREMENTS 

All sampling activities shall comply with applicable site-specific Job 
Safety Analysis (JSA) requirements for the areas being sampled. In addition, 
a 'tailgate' safety meeting will be held before the beginning of work each day 
to brief field personnel on specific hazards anticipated for that day's 
effort. Activity specific safety concerns are detailed. in Section 6.0. 

5.2 RADIOLOGICAL SAFETY 

Sampling activities conducted in areas under radiological control will 
require a Radiation Work Permit (RWP). Before sampling is initiated a 
radiological survey shall be made of the immediate vicinity of the site (s) to 
be sampled to determine site-specific background radiation levels. Sample 
containers shall be closed and sealed while still inside the posted boundaries 
of the controlled area. All sampling equipment and samples shall be surveyed 
by a Health Physics Technician {HPT) and either unconditionally released or 
appropriately labeled upon removal from the controlled area. Sample 
containers shall not be permitted to leave the controlled area until ext erior 
surfaces are found to be free of removable radioactive contamination. The 
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determination of the presence or absence of removable radioactive 
contamination shall be accomplished using standard wipe/counting methods. 

During sampling activities all protective clothing and/or waste that are 
used or generated shall be controlled in a manner that protects it from undue 
exposure to the elements (wind, rain, etc.) and prevents inadvertent loss of 
control. 

Used protective clothing and waste that are generated during the 
sampling activities conducted in radiologically controlled areas shall be 
containerized, surveyed, labeled, and transported to appropriate storage or 
disposal areas at completion of activities. Upon completion of sampling 
activities, surface radiological contamination levels shall be determined; 
radiological contamination levels in excess of pre-sampling levels shall be 
remediated prior to cessation of activities in that area. 

5.3 RECORDS , 

The Field Team Leader is responsible for processing field generated 
records in accordance with Ell 1.6 "Records Management" (WHC 1988) . 

5.4 TRAINING 

Personnel involved directly in the collection and handling of sediment 
and water samples shall be trained to meet the requirements of 29CFR1910.120, 
documentation of such training will be available at the IT Richland 
Engineering Office. Person(s) in direct control of the watercraft used to 
transport sampling personnel shall meet all applicable state and federal 
requirements and the specifications set forth in the Westinghouse Hanford 
Statement of Work for that subcontract, documentation will be maintained with 
subcontracts files. 

5.5 TIMING 

Spring/seep sampling conducted to yield samples representative of true 
groundwater discharges to the river must be accomplished during periods of 
near to below average river discharge. Late summer to early winter river 
flows historically meet this conditio~. It is expected that sustained 14-d 
average flows of less than 125,000 ft/swill result in effluent groundwater 
rather than bank storage being the predominant source of spring flow. 

6.0 PROCEDURE 

6.1 SAMPLE LOCATION MARKING 

All sampling locations are to be clearly marked on the shoreline above 
the high-water line by two markers that form a 'range' defining a line. This 
will allow individual sampling points to be relocated for any subsequent 
event. 
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• The 'range' will be installed so that the spring is on line with the 
range 

• Range markers will be installed above the high water mark 

• Markers must be highly visible and durable to resist exposure and 
weathering. Metal fence posts, painted fluorescent orange, are a 
type of marker that meet these criteria 

• The distance from the marker nearest the river to the sampling point 
will be measured using either a cloth or steel tape to the nearest 
1-ft (30.48 cm} increment and recorded in a controlled logbook 

• Where feasible the range markers will driven into the sediments 
using either a sledge hanvner or fence-post driver 

• Where posts cannot be driven, they will be installed using a wire 
mesh-supported cairn 

Care should be used in installing the range markers as there is 
potential danger of pinching of hands during post installation. Leather 
gloves should be worn during this activity. Proper lifting techniques are 
essential when securing the markers using the wire-mesh cairn. · 

6.2 SAMPLE COLLECTION SEQUENCE 

Sampling of sediments shall precede spring/seep groundwater sampling 
when both media are to be sampled at a single site. This is to accommodate 
the probable necessity of improving individual seeps and springs to direct 
water to a sampling point. 

• Collect sediment sample prior to spring/seep improvement. This will 
ensure representativeness of the sediment sample 

• Spring/seep samples and surface water samples (Columbia River) are 
to be collected contemporaneously 

• Coordinate spring/seep and surface water sampling with sampling of 
groundwater sampling conducted at nearby monitoring wells if 
possible 

• Due to the nature of the spring discharges, no preferred order of 
water sample collection is necessary 

• Conformance with Ell 10.3 "Purgewater Management" (WHC 1988) is not 
required 

• Water samples shall be collected in general conformance with 
Ell 5.8 "Groundwater Sampling" (WHC 1988) Sections 6.4 through 6.8 
and Appendix A (other portions of Ell 5.8 do not apply to 
·spring/seep sampling) 

• Sample Numbers shall be assigned by Westinghouse Hanford OSM. 
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6.3 COLLECTION OF SEDIMENT SAMPLES 

Sediment samples are to be collected from areas where springs/seeps 
emanate from the riverbank. Th~se sediments are to be used to assess the 
accumulation of contaminants through sorption processes. For this reason only 
sediments less than or about 2 mm in diameter are appropriate. Two methods of 
sample collection are available for gathering these samples; excavation and 
vacuum extraction. General procedures described in Ell 5.2 "Soil and Sediment 
Sampling (WHC 1988) are to be followed with the following alterations. 

6.3.1 Excavation Sampling 

• Personnel will don new latex or nitri l e gloves prior to each 
sampling event and between sediment sampling and water sampling 
activities to reduce potential for cross contamination of samples 

• Use a decontaminated (per Section 6.7) stainless steel trowel or 
similar size implement 

• Collect sediments from the vicinity of where the springs/seeps first 
discharge from the riverbank 

• Sediments will be gathered from the surface to a maximum depth of 
4 in. and placed in the appropriate container{s) 

• Collect approximately 2 kg of sediment 

• Note in the field activity daily log or controlled logbook (per 
Section 6.8) the approximate size of the area sampled to meet the 
volume requirements 

• Decant excess water from the sample container(s) 

• Immediately after collection seal, label, and place sample on ice. 

6.3.2 Vacuum Sampling via Peristaltic Pump 

• Use new C-Flex vacuum/suction tubing at each site 

• Work the intake portion of the sampler between the coarse materials 
so that the fine interstitial materials enter the collector 

• Decant water from sample accumulator regularly 

• Collect sample from the surface to a maximum depth of 4 in. 

• Transfer of the sediments from the collection system to the sample 
bottles immediately following collection 

• Immediately after collection seal, label, and place sample on ice . 
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6.4 PREPARATION OF SAMPLES FOR OFF-SITE SHIPMENT 

Samples transported off the Hanford Site or to uncontrolled areas/ 
facilities on the Hanford Site require radiological release. If the samples 
cannot be opened for analysis, a representative split (water and sediment) 
from each site sampled shall be submitted for radiological release counting 
purposes. 

6.5 PREPARATION OF SPRING/SEEP SAMPLING POINT 

An initial survey of the known spring/seep areas will be made to 
ascertain if naturally occurring zones of accumulation are present that permit 
sample collection without improvement. If no such accumulation zone can be 
located, improvement of the spring will be necessary. Two methods are 
acceptable, drive point or surface accumulation area. 

6.5.1 Installation of a Drive Point 

• Attach short segment of standard steel pipe to the drive point (this 
serves to protect the point during installation) 

• Align the drive point and steel pipe so that they will penetrate the 
sediments at a moderate angle, e.g. ~20° from horizontal, vertical 
depth of penetration should not exceed 1 ft (30.48 cm) 

• Using a sledge hammer or fence-post driver, drive the steel pipe and 
attached drive point into the riverbank until the screened area is 
fully covered 

• Remove the steel pipe from the drive point 

• If needed for sampling, a short length of stainless steel or PVC 
pipe may be threaded onto end of the drive point to aid sampl e 
collection. 

Special safety considerations are involved in this method. Extreme care 
must be taken when installing the drive point into the riverbank. Safety 
goggles are essential to protect against metal spalls from either the sledge, 
steel pipe, or the drive point. Hands are potentially subject to impact from 
the sledge hammer or post driver. Leather gloves should be worn as protection 
from metal slivers. Footing may be tenuous due to wet and/or slippery 
surfaces. 

6.5.2 Preparation of Surface Accumulation Area 

• Select an area where the springs/seeps produce noticeable flow at 
the surface 

• Selectively remove cobbles, boulders, etc., to create an 
accumulation basin 
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• Removed sediments may be used to create a dam around the excavated 
area 

• Channel spring/seep discharges to the collection point 

• If necessary the accumulation basin may be lined with clean sheet 
plastic or decontaminated stainless steel bowl. 

Special safety considerations are involved in this method. Extreme care 
must be taken in lifting and moving large rocks. Surfaces at the springs/ 
seeps are likely to be slippery due to the water and due accumulations of 
algae or slime. Slip, trip, and fall hazards may be present, as well as 
stress to lower back from frequent lifting under nonideal conditions. 
Additional hazard may exist due to potential over steepening of the bank and 
may cause sloughing from above. Caution must be exercised during these 
activities. 

6.5.3 Spring/Seep Sample Collection 

• Personnel will don new latex or nitrile gloves prior to each 
sampling event to reduce the potential for sample cross 
contamination 

• Measure and record temperature, pH, and conductivity of spring 
discharge for 1 hat 5-min intervals. If the site being sampled is 
being influenced by direct sunlight, shade the sample site to help 
stabilize induced thermal variations 

• Collect sample directly from the end of drive point or from the end 
of the stainless steel or PVC pipe attached to the drive point 

• The area immediately below the discharge point of the drive point or 
attached pipe may be modified to facilitate filling of the sample 
bottles 

• Where the above options cannot be used, the water may be discharged 
into a decontaminated (per Section 6.7.2) stainless steel bowl and 
then transferred to the sample containers using a peristaltic pump 

• In instances where the spring was improved by construction of an 
accumulation area, samples will be transferred into sample 
containers by pumping directly from the accumulation area using a 
peristaltic pump 

• Filter the sample collected for ICP metals (filtered) 

• Immediately after collection seal label and place sample on ice 

• Discard any used flexible tubing between sampling events/locations 
to prevent possible cross contamination. Segregate discarded tubing 
by placing in a sealable plastic bag and marking the bag with the 
sampling location. All wastes, except that generated in areas under 
radiological control, will be contained and controlled in accordance 
with Ell 4.2 "Interim Control of Unknown, Suspected Hazardous and 
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Mixed Waste" (WHC 1988). Wastes generated from areas under 
radiological control will be handled in accordance with Guidelines 
for the Conduct of Radiological Work (Messmer 1991). 

6.6 NEAR-SHORE RIVER WATER SAMPLING 

Near-shore river water samples will be collected adjacent to the springs 
to indicate the impact of spring/seepage zone discharges on river water 
chemistry. In the event that river discharge is greater than 125,000 ft3/s 
and covers the spring, only the river sample will be collected. 

6.6.1 Sample Site Location 

• Samples will be collected as near to the range line as possible 

• All samples will be collected from areas of moving water 

• The location of the sampling position will be recorded in the field 
activity daily log or controlled logbook. 

6.6.2 Sample Depth 

• Samples will be collected where water depth is less than or equal to 
3 ft (91.44 cm), at a maximum distance of less than 0.5 ft 
(15.24 cm) above the bottom 

• Water depth will be determined by use of a wading staff marked in 
feet and tenths of feet 

6.6.3 Sample Collection 

Samples may be collected using either of two methods; direct filling 
sampler or, use of a peristaltic pump. 

6.6.3.1 Direct Sampling 

• Lower sampler to selected depth 

• Allow flow through for minimum of 10 seconds 

• Close container while holding at sampling depth 

• Transfer the collected sample to the filter apparatus or sample 
container 

• Filter the sample collected for ICP metals (filtered) 

• Immediately after collection seal, label and place sample on ice. 
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6.6.3.2 Peristalt;~ Pump Sampling 

• Determine desired sampling depth (0 to 0.5 ft [15.24 cm] above 
bottom) 

• Attach new C-Flex suction tubing to wading staff at desired depth 

• Install tubing on pump according to manufacturers instructions 

• Actuate pump and collect samples in appropriate containers 

• Filter the sample collected for ICP metals (filtered) 

• Immediately after collection seal, label and place sample on ice per 
Ell 5. 11 "Sample Packaging and Shipping" (WHC 1988). 

Working in and around moving water in the Columbia River creates 
specific hazard exposures. The buddy system wi l l be used whenever samples are 
being collected in the river. A life-line will be attached to the in-river 
s.ampler and controlled by the on shore 'buddy'. In addition, an inflatable 
'Mae West' floatation device will be worn . Hip or chest-high waders shall be 
worn during sample collection. In no case shall the river be entered while 
barefoot. Slip, trip, and fall hazards are normal when working in moving 
water, care must be taken to ensure positive footing. Hypothermia is a 
hazard. 

6.7 ANALYTES, PRESERVATIVES, SAMPLE CONTAINERS AND HOLDING TIMES 

All glassware and plasticware used to contain and ship samples shall be 
purchased 'certified clean'. 

6.7.1 Sediment 

Sediment samples will be collected and transported in the containers 
listed in Table 1. Following collection and labeling all sediment samples 
will be placed in an ice chest and cooled with frozen 'blue ice' or doubly 
bagged water ice . 

6.7.2 Water 

Water samples from springs/seeps and the Columbia River will be 
collected and transported in the containers listed in Table 2. Following 
collection and labeling all water samples will be placed in an ice chest and 
cooled with frozen 'blue ice' or doubly bagged water ice. 

6.8 DECONTAMINATION OF EQUIPMENT 

Decontamination of sampling equipment shall be done in accordance with 
Ell 5.4 "Field Decontamination of Drilling, Well Development and Sampling 
Equipment" (WHC 1988) and shall consist of the following sections as a 
minimum: 
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6.8.1 Sediment sampling equipment 

Sediment sampling equipment shall be decontaminated at the start of each 
day's activity and between sampling locations. Decontamination shall consist 
of the following: 

• Scrubbing the instrument in river water to remove coarse material 

• Wash and scrub using Alconox (a tradename of Alconox Incorporated) 
or equivalent detergent solution 

• Rinse twice using commercially available distilled or deionized 
water 

• Wrap in clean plastic wrap pending use at next sample location 

• Any flexible tubing used in vacuum system shall be discarded and new 
tubing used for subsequent sample collection. 

6.8.2 Water sampling equipment 

Water sampling and filtering equipment shall be decontaminated between 
sampling locations. Decontamination shall consist of the following: 

• Equipment contacting sample shall be rinsed in river water to remove 
any sediments 

• Wash and scrub, if possible, the interior and exterior using Alconox 
or equivalent detergent solution 

• Rinse twice using commercially available distilled or deionized 
water 

• Wrap in clean plastic pending use at next sampling event 

• Any flexible tubing used in peristaltic pump system shall be 
discarded and new tubing used for subsequent sample collection. 

6.9 FIELD MEASUREMENTS 

Site characteristics shall be recorded in the sampling log or controlled 
notebook prior to and during the sampling events. A new page is necessary for 
each sampling location. These measurements consist of the following: 

• Record date, time, and names of sample crew members 

• Spring Temperature:. record temperature to nearest a. S°C at S-min 
intervals for I h prior to sampling, then at completion of sampling. 
If collection from an accumulation area is used, provide shading of 
that area to limit insolation-induced heating 

• Air Temperature: record to nearest a.S°C once at beginning of 
sample period and once at end 
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• Time: record start and finish times for each sampling segment; 
sediments, spring/seep and river, use 24-h clock and record to 
nearest minute 

• pH: record to nearest 0.1 pH unit at 5-min intervals for 1 h prior 
to spring sampling and before and following river sampling 

- Calibrate instrument at beginning and completion of each day of 
field activity using standards pH 4.0, 7.0 and 10 

- Record adjustments on Field Instrument Calibration Log 

• Specific Conductivity: record to nearest 10 µS (microseimens) at 
5-min intervals for 1 h prior to spring sampling and before and 
following river sampling 

- Calibrate instrument daily 

- Calibrate using a standard solution of 1,000 µS. 

• Unusual Occurrences: record when appropriate 

• Flow Rate: record approximate discharge rate of springs/seeps. 

- Where samples are collected through a drive point discharge report 
as the rate of filling a known volume container (e.g., 1 L/min) 

- Where samples are collected from a surface accumulation area 
visually estimate the discharge rate. 

- River discharge rate will be determined from discharge records 
based on time of collection. 

• Spring Description: record a physical description of the 
spring/seep 

- Indicate the appearance of the sediments 

- Note wetted areas above and below the sample point 

- Indicate expanse of discharge area 

- Indicate the size (dimensions) of any accumulation area 

- Note any rise or fall of the river stage over the sampling period 
and any evidence of recent high water 

• River Description: Record a subjective description of river water 
clarity (clear, colored, muddy, etc.) and other conditions at the 
time of sampling 

• Atmospheric Conditions: Record a simple description of weather 
conditions from the start of site preparations through completion of 
sampling 
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6.10 SAMPLE CONTROL AND SHIPMENT 

6.10.1 Sample Packaging and Shipment 

Sample packaging and shipment procedures shall be those described in 
Ell 5. 11 "Sample Packaging and Shipping". 

6.10.2 Chain of Custody 

Maintenance of Chain of Custody shall be in accordance with Ell 5.1 
Chain of Custody (WHC 1988). 

7.0 REFERENCES 

1. WHC-CM-7-7, Ell 4.2. Rev 2, INTERIM CONTROL OF UNKNOWN, SUSPECTED 
HAZARDOUS AND MIXED WASTE . 

2. WHC-CM-7-7, Ell 5.1 CHAIN OF CUSTODY. 

3. WHC-CM-7-7, Ell 5.2. Rev. 3, SOIL AND SEDIMENT SAMPLING 

4. WHC-CM-7-7, Ell 5.4 Rev 3, FIELD DECONTAMINATION OF DRILLING, 
DEVELOPMENT AND SAMPLING EQUIPMENT 

WELL 

5. WHC-CM-7-7, Ell 5.8, Rev. 1, GROUNDWATER SAMPLING. 

6. WHC-CM-7-7, Ell 5.11, SAMPLE PACKAGING AND SHIPPING. 

7. WHC CM-7-7, Ell 10.3 PURGEWATER MANAGEMENT 

8. WHC-IP-0718, GUIDELINES FOR THE CONDUCT OF RADIOLOGICAL WORK. 
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Table 1. Sampling Containers for Sediment Samples. 

Analyte Method Holding time Cont./vol (months) 

ICP Metals 6010 6 G/120 me 
Gross alpha Lab. SOP 6 G/2 kg of 
Gross beta Lab. SOP 6 soil 
Ganvna spec. Lab. SOP 6 {~1000 me) 
Total N/A G or P small 
activity vial {~ 100 

me) 

Table 2. Sampling Containers, Method Numbers, Holding Times 
for Water Samples. 

Analyte Method Holding time Preserv. Cont./Vol. 

ICP Metals 6010 6 months HN03 P/1000 me 
{filtered) 
ICP Metals 6010 6 months HN03 P/1000 me 
{unfiltered) 

Anions (IC) 300 .0 48 hrs N/A P/1000 me 
Conductivity 9050 28 days 
Alkalinity 14 days 
TDS 7 days 
Turbidity pH 48 hrs 

9040 ASAP {upon 
1 ab arrival) 

Ammonium 28 days H2S04 P/250 me 
coo 28 days H2S04 

TOC 9060 28 days H2S04 Gs/250 me 
Gross alpha Lab. SOP HN03 P/4000 me 
Gross beta Lab. SOP HN03 
Gamma spec. Lab. SOP 6 months HN03 
Total uranium Lab. SOP 6 months HN03 G/120 me 
Tritium Lab. SOP 6 months HN03 Gs/250 me 
Sr-90 Lab. SOP 6 months HN03 P/1000 me 
Tc-99 Lab. SOP 6 months HN03 P/1000 me 

Total N/A G or P 
activity small vi a 1 

(> 100 me) 
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APPENDIX B 

NONCONFORMANCES AND VARIANCES TO APPROVED PROCEDURE 
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NONCCNFORMANCE REPORT 

PROJ£C;' NO. l'\'t80p · \ '2.l · O 2 

PROJE:C; NAME \-\o._..£org ~(~ S:yring Sa.~e1,·01 
FIACC:_l_:r-1,_ 

OAT[; 2- l2-9 2. 

NONCONFORM>.NC~ Near-shore river sampling during the Hanford Reach Spring 
Sampling (September through November 1991} did not use all equipment required in the 
Hanford Reach~ring Sampling Performance Procedure, Revision 0, dated August 30, 1991 . 
Section 6.6~quires use of a wading staff marked in feet and tenths of feet to 
determine sample collection depth. 

A wading staff was not used. Instead, the direct sampler was mounted to a aluminum 
tube. The tube served as a wading staff and to position the sampler at the required 
depth interval, i.e., less than 0.5 feet above bottom and less than three feet below 
water level, by mounting the direct filling sampler less than 0.5 feet from the tube 
end that would be submerged and by marking the tube. 

ICENilFlEO BY: 'R,'c.hc:u·d Ma.hood =Ale:; 2-12-qz 

CCRRECil~ ACTION REQUlREO: Revise the Hanford Reach Spring Samp l i ng Performance 
Procedure, Revision 0, dated August 30, 1991 to acco11111odate field conditions and 
information gained during the 1991 field season. The procedure should be revised 
prior to the next sampling period. 

TO BE PERP'ORMED BY: l<icno.1'd N\A.'nood :lA T£.; 2- \'2. .q 2. 

.,.UST CCRRECilON SE ~E01 'ra _L NO -
iO BE "9JF1ED BY:1).A.M~efS Cl9'£PAAED B"r:R.Mo,nood/f.b.C0ctec :JA~2-1z-'U. 

CCRRECil~ ACilON TAKEN: 

CC~ Corrective Action 
Required 

PERFORMED BY: ____ ....,.....,. ____ :lA T£.; ___ _ 

'O!FlEO SY: OAT£.; ___ _ 
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NONCCNFORMANCE REPORT 

PROJ(C'r NO. )°c\QO<o,\2.\,02 

PROJE:C'r NAM£ He,rr:for4 ~eQ.c.J) fu?ri!'j So.Mfh
0

0j 

PAct_L:r~ 

uA~ 2-12-'\ 2.. 

NONCONFORMANC~ Installation of range markers during Hanford Reach Spring 
Sampling (September through November 1991) did not completely follow the Hanford Reach 
Spring Sampling Performance Procedure, Revision 0, dated August 30, 1991. Section 6.1 
requires that range markers be installed above the high water mark. 

Range markers were installed above the apparent seasonal high water line. However, 
many of the range markers are located at elevations below the high water line 
associated with the annual maximum river discharge. Range markers would not be visible 
from the river if installed above the annual high water line in some sampling locations 
at the 100-H, 100-F, 100-K, and 100-B/C areas. The annual high water line was 
indicated by debris entangled in the branches and crowns of trees and shrubs found 
along the shoreline. Locations of springs were also plotted on 1 to 2000 scale maps to 
provide a back-up method of locating the springs. 

tOEN11FlEO BY: R,cba.fd ~ra,d ~ATE; 1.·\2.~2 

CORRECi1~ ~C~ON REQUIRED; Revise the Hanford Reach Spring Samp 1 i ng Performance 
~rocedur~, Rev~s1on O,_dated August 30, 1991 to acco11111odate field conditions and 
~nformat~on ga~ned dur1n~ the 1~91 field season. The revision should incorporate 
1nformat1on ga~ned from 1ns~ect1on, after the period of annual maximum flow, of the 
range markers 1nstalled during the 1991 field effort. The revision should be 
performed prior to the next sampling period. 

ro BE PERFORMED BY: B,id;scd M~hood ~ATE; 2-L2-qz. 

UUST CORRECi10N SE vO!FlEC1 l'ES ~ NO _ 

ro BE 'vOfFlEC a-r:'"D.A.Myers l'R!PAREC B""r":R.M~hood/f.1).Co.r-ter ~ATE; 2-\'2.-q2. 

CCRRECi1VE AC'TION r AKO.: 

C,-. ... Corrective Action 
Required 

' 

?ERF'ORMEO BY: ____ __,.-,i...---- ~ATE; ___ _ 
'O!FlEO BY: :)ATE; ___ _ 
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NONCONFORMANCE REPORT 

PROJE:C; NO. \Q.q~~ • I'll• 0 2 

PROJECT N.+.wf t\a-Mc'"! 'R&dt §?.-•o~ s~""e\i'-'9 
PAGE_.l_=r _L 

OA TE; 2 • l1-q 2. 

NONCONF'ORMANC[; Collection of sediment samples during Hanford Reach Spring 
Sampl -ing (September through Noveaber 1991) did not c011pletely follow the Hanford Reach 
Spring Sampling Performance Procedure, Revision 0, dated August 30, 1991. Section 6.2 
requires that sediments be collected before spring water collection, and Section 6.3 .1 
requires sediments be collected no more than four inches below the surface. 

Spring and river water were collected concurrently but before sediment collection. 
This allowed all samples to be collected as quickly as possible and did not diminish 
the quality of the samples. Collecting water before sediment reduced the possibility 
that rising river level would flood the spring during sampling, before all types of 
suiples could be collected. The river water level was found to be capable of rising 
many feet in a few hours which limited the time available for sampling at a location . 

When sampling sediment on shorelines consisting largely of gravel, cobbles, or boulders 
the fine-grained sediments were collected as much as 12 inches below the surface to 
obtain the required two kg of fine-grained sediment. 

OATE; 1.-12 -9 2 

CCRREC'TT~ ACTION ~ECUIREO; Revise the Hanford Reach Spring Sampling Performance 
Procedure, Revision 0, dated August 30, 1991 to include information gained during the 
1991 field season. The revision should include the order in which water and sediment : 
samples are collected~ and modification of the procedure to accommodate field , 
conditions. The revision should be performed pri or to t he nex t sampling period. 

1 

TO BE P£R,0MIED BY:. R,cM<'d M.£l~ood OA'TE: '2 · \2-~ 2.. 

t.tUST COMEC'nCN BE V£RIF1EC1 'r'!S ...L.. NO -
TO BE vERl,tED BY:"b,A.Mym P~ARED S"l':'R-ffie.booq/fD.C'Adt"'f" OA'TE: 2- 12-qz 

CORRECTI~ ACTION TAKEN: 

PERP'ORMED BY: ---------- OA 'TE: ___ _ 

c~ Corrective Action 
Required 

~EC BY: OA'TE: ----
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NONCONFORMANCE REPORT 

?ROJEC-:- NO. IC\~80"· 12.1 .oz 

?ROJEC-:" NAME 1-t~n:£0..-d. KeQch Sxr,·n, Sa'"'pl,itg 

?Act...L.:F _L 

OA~ 2.-12.-qt 

NONCONFORMANCE: The conductivity meter used during the Hanford Reach Spring 
Sampling (September through November 1991) was not calibrated at the frequency required 
in the Hanford Reach Spring Sampling Performance Procedure, Revision 0, dated August 
30, 1991. Section 6.9 requires use of a daily calibration using a standard solution of 
1000 µS. 

Calibration was performed using the required standard , but only on two occasions: on 
11-01-91 and 11-24-91. On both occasions the instrument "as found" condition was 
within 10% of the standard, which was felt to be sufficiently accurate and showed 
instrument stability over time. 

IOEN11FlEO BY: Richa."d Mo.hood 

CORREC~VE ACTION RECUlREO; Pc: fa:::: ca~ih:atis:: ab :sqai:d f 14211199• 

Because the conductivity meter showed stability and because meter readings were 
only used to show sampling source consistency prior and during sampling , no 
corrective action for the data obtained is necessary. For future sanplinp, 
events, a meter with improved tet:Iperature correction function should be used. 

TO BE P£Rl"0AMED SY: ------· -·---------- ~A TE; MA. 
t.tUST CORREC'T10N BE r YERlflE01 'r'D ~ NO -
TO SE ~ED SY.l: ,.d@:e ?"!PAAED 8'1": F.D. Carter ~ATE; 2/12/92 

CORRECTIVE ACTION r AKEN: 

?ERFORMED BY: JATE; 
'-tO!FlEO BY: OATE; 

•oorO't'N By: ~ate: .yr,02, c--· ... 
:atr. 2/12/92 
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APPENDIX C 

CHEMICAL ANALYSES OF WATER SAMPLES 
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Site Identification: 

Sample Type : 
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EXPLANATION OF TERMS 

This identifier denotes the specific reactor area or 
general region of the sampling location. 

Identifies the source of the sample, either spring or 
river 

Di scharge river/spring (ft3/s): Identifies the average discharge of the 
Columbia River for the day of sampling or the 
estimated discharge of the individual syring at the 
time of sampling. Discharges are in ft /s . 

Coordinates E (m) 
Coordinates N (m): 

River Mile (nearest 0. 1 

Date : 

Time Interval : 

OSM Sample No. : 

Q (Qualifier) : 

nr: 

N/A 

Identifies the location of the sample location 
according to the NAO 1983 Washington State South Zone 
Coordinates in Meters . 

mi.): Identifies the approximate Hanford River Mile. 
Hanford River Mile 0.0 is at the Vernita Bridge. 
Measurements are scaled from the 1:2000 maps of the 
Hanford Site . 

Day on which the specific sample was collected . 

The sampling interval, starting with t he i nitiation of 
presampling measurements for the springs . For river 
samples, the interval denotes the actual time during 
which the sample was collected. 

The sample tracking number assigned to a specific set 
of samples. Each spring/sediment sample had a single 
number; the adjacent river sample was assigned a 
separate number. All numbers were supplied by 
Westinghouse Hanford OSM. 

Qualifier codes were supplied through the data 
validation process. All data validation was done by 
Westinghouse Hanford OSM . 

U - none detected; numerical value is sample 
quantitation limit 
J - estimated value (less than quatitation limit) 
B - analyte found in a9sociated blank as well as in 
sample 
UJ - not detected; quantitation limit is estimated 
<blank> - positive 

Data not recorded by field sampling team 

Data not available from analytical laboratory 
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Site Identification 1008 1008 1008 1008 : 1008 I 

Sample Source I spring spring I river ! river I spring I 
Discharae river /sorinQ (cfs)I 5.90E-041 I 9.35E+04l 3.JOE-03I ' 5.90E-041 9.35E+04l ' 
CoordinatH E !m) 5645401 5645401 5649401 5649401 5546751 I 

Coordinates N Im) 1452751 1452751 145350 145350 1452751 ! 
River Mile (nearest0.1 mi.) I 3.71 3.71 3.71 ! 3.71 3.81 
Date ! 9/18/911 9/18/911 9/18/911 I 9/18/911 ; 9/17 / 91 1 
nme Interval ! 9:45 -11:45 I 9:45-11 :45 I : 10:48-11 :451 110:48-11:45 I ; 13:25 • 16:19 I 

OSM Sample No. I 801579-f I Q 801571 ! Q I 801580-f I Q I 801580 I Q I B01578-f I Q ! 

Quality Control Sample ! I I ! I I i 

I i i I I 
Aluminum (ug/1) I 44.701 u 71.3( U I 38.20 B 55.SQ u i 41 .701 u 

Antimony (ug/1) I 47.00 u 47.00 u i 47.0Qj U i 47.oci u i 47.001 u 

Barium (ug/1) I 58.701 B 58.701 B l 26.1oi B i 27.20 B l 56.501 B 
Berylium (ug/1) I 1.00 u 1.00 U I 1.00 U I 1.00 U I 1.001 u 

Cadmium (ug/1) I 3.00 u l 3.00 u : 3.00 u l 3.ool U I 3.001 u 

Calcium (ug/1) i 38000.00I 38800.00I 17300.00 17500.00I J440Q.OOI 

Chromium (ug/ 1) I 54.101 I 
27.70! J : 6.00 UJ I 6.001 UJ I 40.60! I 

Cobalt (ug/1) 8.00 u l 8.0Q U I a.001 U I a.001 U I 8.00I u 

Copper (ug/1) I 5.ool u 5.00 U i 5~~ u 5.00 u l 5.00I u 
C" Iron (ug/1) I 1550.001 64.901 U j 12.00 u \ 63.SQ U j 41 .801 u 

Magnesium (ug/1) 8810.001 9010.00 
I 3920.ooi B 395().ool e l 6910.00I I 

Manganese (ug/1) 46.SQ 2.oa U I 3.70 e l a.ea u l 2.00I u 

Nickel (ug/1) 130.001 9.00 u l 9.00 u \ 9.00 u 9.ool u 
Potassium (ug/1) I 3700.001 B 3710.00 B \ 732.ooi B 658.ooi e l 4440.ool B 

Silver (ug/1) I 4.oa u 4.00 u l 4.00 u 5.~ B 4.0CJ! u 

Sodium (ug/1) 10400.001 10600.00 I 1850.001 J 2080.ool J 9630.ooi I 
Vanadium (ug/1) s.oci B 6.70 B l 5.ooi u l 5.00 u 5.4oi B 

Zinc (ug/1) 7.001 UJ 7.00 UJ I 7.0Q UJ I 7.0Q UJ I 7.ool UJ 

! I I I I I 

TOC (mg/ I) I 
I d J : I I 2.41 J : I I 

COD (mg/ I) ! i <60i i I <SQ 

Ammonia (mg/I) i <0.51 UJ I <0.51 UJ I ' I 

I I ! 
Fluoride (mg/I) I 0.20 J I < O.osi J i I 
Chloride (mg/I) a.031 J I 0.111 J I I 
Nitrite (mg/I) <0.05 UJ I <O.osi UJ I 
Nitrate (mg/I) 1.621 J I <0.1I J I 
Sulfate (mg/I) 38.761 J I I 2.1~ J i 
Phosphate (mg/I) ! <0.1 UJ I <0.11 UJ I I 

I ! I i I 
8ec. Cond. (umho/ cm) i I 2871 J I I 1211 J I I 

pH : 7.41 I I 8.091 ' I 

TDS (mg/ I) I i 19Q i I s4l I i 

Turbidity (mg /I) ! ; I <0.21 I 
I < 0.2J 

Alkalinity (mg/I ) i i I 991 J : I 531 J ' I 
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Site ldenUflcaUon ' 1008 I 100K ' 100K 100K 100K 
Sample Source 

I 
spring l spring I I i I ! spring rivet' ' I river I 

Discharae river/spring (cfs)I 3.30E-031 2.90E-041 2.90E-041 9.30E+041 9.30E+041 
Coordinates E (m) I 5646751 5675851 5675851 567585 5675851 
Coordinates N (m) 1452751 14621Q 1462101 14621Q 1462101 
River Mile (nearest 0.1 mi.) 3.81 5.61 I 5.61 5.61 5.61 
Date 9/17/91 ' 9/25/911 9/25/911 9/2:S/911 9/25/911 
Time lntefYal 13:2:S-16:19 I I 7:25-9:051 7:25 • 9:051 9:15-9:SQ : 9:1!5 • 9:501 
OSM Sample No. 801578 I a I 801581-t a I 801581 I Q I 80159CH i a 801590 1 a 
Quality Control Sample I I I I 

i I I 
Aluminum (ug/1) 268.001 17.00 u i 37.40 U I 17.00I U I 97.301 u 
Antimony (ug/1) 47.00 u 14.001 u 14.oa U I 14.0Q U I 14.901 u 
Barium lug/I) 64.101 B l 38.roi B i 38.ooi J i 24.701 B l 27.40! J 
Beryiium lug/I) I 1.00 U I 1.00 U I 1.00 u : 1.oo U I 1.00I u 
Cadmium lug/I) I 3.00 U I 1.00 U I 1.00 u : 1.00I U I 1.00 u 
Calcium lug/I) I 43100.00I 36500.00 35600.00I 17300.00 i 17600.001 
Chromium (ug/1) I 36.901 J I 17.401 ' 5.00 U I 2.0Q u i 2.00 u 
Cobalt (ug/1) a.col U I 2.00( u l 2.00 U I 2.00( u i 2.00 u 
Copper (ug/1) I 5.oa u l 2.00 u 2.ooi UJ I 2.ool u 2.00 UJ 
Iron (ug/1) 395.00( U I 59.80 e l 6UOI U I 7.0Q u 97.601 B -. 
Magnesium (ug/1) 6770.ooi 9150.00 8800.00 

I 
3820.00 B 3850.00 B i 

Manganese (ug/1) e.sa u 1.00 u l 3.1~ u l 1.S(l B 8.90 B 
Nickel (ug/1) 9.ooi u I 5.00 u !5.iii U I 5.00 u 5.00 u 
Potassium (ug/1) 4490.0Q B 2830.001 J 2540.oa J I 709.00 J 718.00 J 
Silver (ug/1) 4.00 u l !5.oo u !5:cia UJ I 5.00 u 5:0Q UJ 
Sodium (ug/1) 9820.00 11300.00 J 11000.00 J I 1900.00 J 2140.00 J 
Vanadium (ug/1) 7.80 B 8.60 u 8.50 u l 2.00 u 2.00 u 
Zinc (ug/1) 7.00 UJ I 5.00 u !5.00 U I 5.~ u l 6.40 B 

I I ; I I 
I 

TOC (mg/I) I 1.4 J I o.sa U I 
I 

I 1.51 I 
COO (mg/I) <soi ! 

<60 I I <601 
Ammonia (mg/I) <0.51 UJ <0.51 UJ I I <0.51 UJ 

I I I 
Fluoride (mg/I) 0.15 J <0.051 ' 0.441 
Chloride (mg/I) 9.65 J 5.941 ' 0.751 
Nitrite (mg/I) <0.05 UJ I <0.051 UJ I <O.osJ UJ 
Nitrate (mg/I) 2.26 J I 1.471 J I <0.11 UJ 
Sulfate (mg/I) 41 .2!1 J 19.161 

I 8.40i 
Phosphate (mg/I) <0.1 UJ <0.11 UJ I <0.11 UJ 

I I I 
Elec. Cond. (umho/cm) I 3031 J I I 29el J i 1231 J 
pH 7.681 I 7.711 7.89i 
TOS (mg/I) I 21oi 1821 I 341 
Turbidity (mg/I) i <0.2i I <0.21 i i <0.21 I 

Alkalinity (mg/ I) i 1071 J ! I 1191 J ! I 521 J I 
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Site ldenUflcaUon 100K 100K 100K 100K 100K 

Sample Source i spring ! soring I i rivet' rivet' spring I 

DischarQa river/spring (cfs)I 1.SOE-021 1.SOE-021 7.62E+041 7.62E+041 2.20E-021 
Coordinates E (m) i 5696801 5696801 5696801 5696801 5704151 
Coordinate• N (m) i 1480701 1480701 1480701 1480701 1487801 
River Mila (nearest 0.1 mi.) 7.41 : 7.4l 7.41 7.41 8.11 
Data I 10/16/911 ' 10/16/91 10/16/91 10/16/911 10/18/911 
Time Interval I 12:30 • 13:30 I 1 12:30-13:30 I ' 12:40 • 13:28 I 12:40-13:26 I 14:10 • 16:05 I 

OSM Sample No. I BO1502-f I a i B01502 I a I BO15D3-f I a ! 801503 I a I B015F2-f I a 
Quality Control Sample I I I I ! ! I I 

I i I i I I I 
Aluminum (ug/1) 45.oot u l 255.oot 21.1ol U I 74.901 U I 17.oot u 
Antimony (ug/1) 14.oot u l 47.ool u l 14.ool u l 47.ool U I 14.ool u 
Barium (ug/1) I 36.301 Bl 35.90i Bl 25.001 Bi 29.701 8 1 40.30i B I 

Barytium (ug/1) I 1.00 u l 1.ool U I 1.oot U I 1.00 u : 1.ool u 
Cadmium (ug/t) : 1.00 U I 3.oot U I 1.oot U l 3.oot U l 1.ooi u 
Calcium (ug/1) ' 28400.00I 27100.oot 17500.oot 16600.001 33500.001 

Chromium (ug/t) I 64.50 68.~ 2.oa U i 6.oot U I 13.901 u 
Cobalt (ug/1) i 2.oot u l 8.ool U I 2.~ U I 8.oot U ! 2.001 u 
Copper (ug/1) ' 2.oot u 6.!5C B i 2.ooi U I s.oot u i 2.ool u ! 

Iron (ug/1) I 45.401 u l 243.0C I ,a.sol u i 171.0Q a.sol u : 

Magnesium (ug/1) I 6560.001 J i 63SO.oa I 
3890.001 J I 3700.001 B i 8180.001 J I 

Manganese (ug/1) i 1.00 U I 8.7( e l 1.5C u l 19.601 I 1.~ u ,.. 
Nickel (ug/1) I 5.oot U ! 9.0C u 5.00 u i 9.~ U I 5.ool u 
Potassium (ug/1) I 1470.ool Bl 1480.00 B 713.0C Bl 779.ool Bl 2530.0CJI N 

Sliver (ug/1) 5.oot u 5.Sl 8 5.0C u l 4.~ u l s.ool u 
Sodium (ug/1) 3270.001 J 3270.00 J 1670.001 J I 1580.ool J I 17100.ooi J 
Vanadium (ug/1) 3.aa u 8.3CI B l 4.1Q u l s.ooi u l 10.90 u 
Zinc (ug/1) 5.oot u i 8.7C U I s.ool U I 7.ool U I 5.001 u 

N 
I I I I i I I I 

TOC (mg/I) I I i 0.751 I 1.41 i 
COD (mg/I) i I I <soi I I <SOI I 
Ammonia (mg/I) I 

<0.5 ' I <O.sl I 

I I I i I 
Fluoride (mg/I) I 0.3l! I I o.osi 
Chloride (mg/I) I 2.81 I o.831 ! 

Nitrite (mg/I) I <0.0!! UJ I <O.osi UJ I 
Nitrate (mg/I) i I 0.9'l J I <0.11 UJ I 
Sulfate (mg/I) I ! 29.1~ 

' 
I 8.971 

Phosphate (mg/I) i I <0.1 UJI I <0.11 UJ i I 

I I I i I 
Sec. Cond. (umho/cm) ; I I 208.S I I 113.21 I 
pH 7.1.! : 7.aai ' I I I 
TDS (mg/I) I I 1261 ' : sol I 

I I 

Turbidity (mg/I) I I s.30i I i 1.40! I 
Alkalinity (mg/I) ' ! 68.4i J ; i ' 53.2i J ! 
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Site ldenUflcatlon 100K 100K 100K 100N 100N 
Sample Source I spring i I rivet' I rivet' I spring : I sering I 
Discharge river /sprinCJ (cts )I 2.20E-021 9.08E+041 9.08E+041 2.90E-01I 2.90E-011 
Coordinates E !m) : 5704151 5704151 5704151 5713001 571 3001 
Coordinates N !m) ' 1487801 1487801 1487801 149920 1499201 
River Mile (nearest O. 1 mi.l I 8.1 8.11 ! 8.11 9.a 9.a 
Data I 10/18/91 10/18/911 ! 10/18/911 10/15/911 ; 10/15/911 
nme Interval i 14:10 • 16:05 I ! 15:25- 15:55 I i 15:25 • 15:55 I 11 :00 • 12:30 I : 11 :00-12:30 I 
OSM Sample No. I B015F2 I a l B015F3-f I a B015F3 I a I B015Cl-f I C l B015C8 I a 
Quality Control Sample : ! I I I I i I 

I I I ! I I 
Aluminum (ug/I) 132.0Q u l 17.001 u 94.40 u i 50.20 U I 384.00I 
Antimony (ug/I) 47.ooi U I 30.001 B 47.ooi u i 14.ooi U I 14.00 u 
Barium (ug/I) 42. 1oi B l 19.601 B 27.20 B l 29.601 B l 35.301 B 
Berylium (ug/I) j 1.001 U I 1.001 u l 1.001 U l 1.001 U I 1.00I u 
Cadmium !ug/I) I 

3.00I U I 1.oa U I 3.001 u . 1.001 U I 1.00I u ...... 
Calcium (ug/I) ; 32400.001 17100.001 1 6400.00I 24900.001 25600.001 
Chromium {ug/I) I 10.soi 2.601 U I 6.~ U I 2.001 U I 2.301 u 
Cobalt (ug/I) I a.001 U I 2.001 u l a.ool U I 2.~ U I 2.001 u 
Copper (ug/I) I 5.ool U I 2.001 u l 5.0Q U I 2.00I u i 2.101 u 
Iron (ug/I) I 130.001 7.9a u 130.00I 28.101 u l 405.00I 
Magnesium lug/I) 8050.00I 3780.00I J 3670,001 e l 4230.00I e l 4410.001 B 
Manganese !ug/I) 2.5( e l 1.8(1 u 5.S(J B l 2.3Q u l 13.701 u 
Nickel (ug/I) 9.00 u l 5.001 u 9.00 u l 5.00 U I 5.00 u 
Potassium (ug/I) 2560.00 B l 758.001 B 722.0C U ! 1230.001 J I 1270~00 J 
Silver (ug/I) 4.00 u l 5.0Q u 4.(X. u l 5.00 u 1 s.ool u 
Sodium (ug/1) 17000.0C J I 18!0.001 J 1680.0C J I 2590.001 e l 2640.001 B 
Vanadium (ug/I) 10.7C B l 4.70 u 5.CX u l 3.20 u l 3.!ia u 
Zinc (ug/I) I 7.0C U \ 5.0Q U \ 7.0C U I 5.0Q U I 13.~ u 

I ! I I ! I ' TOC (mg/I) I a.SOI U I ! I 1 .4i ! I 0.751 
COD (mg/I) I <sol ' <sol I i <soi 
Ammonia (mg/ I) <0.51 i <0.5 ' I <O.si ' I I I I I 
Fluoride (mg/I) 0.2! I 0.11 

I I 0.141 
Chloride (mg/I) 6.01 ' I 0.81: 

; I 1281 : 
Nitrite (mg/I) I <0.0!! UJ I <0.05l UJ I I <0.05! UJ 
Nitrate (mg/I) I 1.11 J i o.~ J I I i 1.421 J 
Sulfate (mg/I) 63.91 

: 
9.23 I 15.961 

Phosphate !mg/I) I <0.1 UJ I <0.1 UJ I ! <0.1I UJ 
i I I I I Bee. Cond. !umho/cm ) I 306.4 119.~ I I 148.51 

pH i 7.7ej I 7.361 ! I 7.721 
TDS (mg/I) I 221 I 89' I ! 1181 
Turbidity (mg/I) o.881 I 1.7Q i 3.41 
Alkalinity (mg/I) ' so.al J I 52.31 J ' 

I 
66.51 J I ' 
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Site ldenUflcaUon 100N I 100N 100N ! 100N 100N 
Sample Source i river I spnng i spring river i : river 
Discharge river/spnnQ (cfs)I 8.16E+041 5.90E-01I 5.90E-01I : 8.16E+041 8.16E+041 
Coorainatea E (ml ' 5713001 5714651 5714651 ! 5714651 5714651 
Coorainat•• N (m) 1499201 1501501 1501501 ! 1501501 1501501 
River Mile (nearest o. 1 mi.) 9.a i 9.1 9.11 9.1 9.11 
Data 10/15/911 i 10/15/91 10/15/911 10/15/91 I 10/15/911 
Time tntlfYal I 11 :10 • 12:00 I I 14:02 • 15:07 14:02 • 15:07 I 14:15. 14:42 I 14:15-14:421 
OSM Sample No. I 8015C9 I a B01SOO-f I a I B01500 I Q 8015D1-t a B015D1 I a 
Quality Control Sample I ' I I I I 

I I I I 

Aluminum (ug/1) 60.10 u 48.aoi u . 314.00 34.401 U I 67.~ u 
Antimony (ug/I) 14.00 u 14.oa U I 14.00 u 14.00 u i 14.00 u 
Barium (ug/I) 25.901 B l 19.601 B : 19.601 B l 23.901 B l 24.101 B 
Bery1ium (ug/1) 1.ool u 1.00I u 1.00 u l 1.00I U I 1.00 u 
Cadmium (ug/I) ! 1.001 u l 1.00 u 1.00 u i 1.00 U i 1.00 u 
Calcium (ug/I) I 17200.001 26400.001 26400.001 ! 17000.001 16800.00I 
Chromium (ug/I) 2.oq U / .2.00 u ; 2.60 u 2.ool U I 2.00 u 
Cobalt (ug/1) 2.oa u l 2.00 u : 2.oa u 2.~ U I 2.00 u 
Copper (ug/1) I 2.00 u 2.00 u : 2.00 u 2.oa u i 2.00 u r 
Iron (ug/1) 43.10 u 35.50 B ! 474.00 93.sa u l 55.201 u 
Magnesium (ug/1) 3810.00 B 4540.00 B l 4800.0Q B 3770.00 B 3720.00 B 
Manganese (ug/I) 5.40 u 1.00 U I 14.0Q u 2.40 u 5.60 u 
Nickel (ug/1) 5.00 u 5.00 U I 5.ool u 5.00 u 5.00 u 
Potassium (ug/1) I m.ool B 1320.00 J ; 1410.od J 658.00 J 707.00 J 
Sliver tug/I) 5.00 u 5.00 U i 5.od u 5.00 u 5.00 u 
Sodium (ug/1) 1830.00 J 2570.00 J : 2560.oa J 1800.od J 1780.001 J 
Vanaaium (ug/1) 2.00 u 2.00 U ! 3.21:1 u 2.~ u l 2.od u 
Zinc (ug/I) 5.00 u s.od u : 17.SQ u 27.201 U I s.oa u 

I I ! I I i 
TOC (mg/I) ; 

1.3' 
I 

0.501 U I I 1.31 
COO (mg/I) 

I 

<sol I I <601 
I 

I <601 I 
Ammonia (mg/I) <0.5 I <0.51 i <O.st 

I I 
Fluoride (mg/I) 0.13 i 0.421 I 0.381 
Chloride (mg/I) 0.86 I 1.ra i I o.ssi 
Nitrite (mg/I) <0.05 UJ I <0.051 UJ/ I <O.osl UJ 
Nitrate (mg/I) 0.50 J ! 2.361 Ji I o.sd J 
Sulfate (mg/I) 9.oe : 11.361 I 9.1Q ' I 

Phospnate (mg/I) <0.1 UJI I <0.11 UJ/ <0.1I UJ 
I I I 

Elec. Cond. (umho/cml I 99.e 
I 

152.31 : I 98.$ I I 
pH 8.01 ' 7.911 I I 8.241 
TDS (mg/I) rs! I 

120( ! I ! raj 
Turbidity (mg/I) I 1.21 

I 

I i 0.90! I 4.31 I i 
Alkalinity (mg/I) : 53.2! J i 72.21 UJI ! ' 55.11 J I 
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Site ldentlflcaUon 100N : 100N ! 100N 100N 100N 
Sample Source spring I spring I river : river ' spring 

' Discharge river/spring (cfsll 2.20E-021 2.20E-021 9.08E+04l 9.08E+04l 4.50E-031 
Coordinatn E (m) 5714801 ! 5714801 ; 5714801 5714801 5715001 
Coordinates N (m) 1501701 1501701 : 1501701 1501701 1501851 
River Mile (nearnt 0.1 mi.I I 9.21 I 9.21 I 9.2i 9.21 9.21 
Date i 10/18/911 ! 10/18/911 10/18/911 10/18/911 10/18/911 
Time Interval , 12:12-13:28 I i 12:12-13:28 I 12:37 • 12:50 12:37 • 12:50 I 10:30-11:30 I 
OSM Sample No. i B015FO-f I Q B015FO I a B015F1-f I a I B015F1 I a I B015O8-f ' a I 

Quality Control Sample i ! I I I ! 
! I l ' I I I I 

Aluminum (ug/1) I 89.00 u l 127.00 u ' 17.00 U i 62.20 U \ 17.00 u 
Antimony (ug/1) ! 14.ooi u 47.0Q u 14.ooi u i 47.001 U I 14.00 u 
Barium (ug/1) : 23.40 B l 29.701 B 24.601 B l 29.70 B l 30.40 B 
Berylium (ug/1) 1.00 U I 1.00 u l 1.00 U ' 1.ooi U I 1.00I u 
Cadmium (ug/1) 1.00I u i 3.00 U I 1.ooi u : 3.00 u : 1.00I u 
Calcium (ug/1) 21700.001 

I 

20800.001 ! 17500.001 , seoo.001 22400.001 I 

Chromium (ug/1) ! 2.40 U I 6.QQ u i 2.~ U I 6.00 U I 3. 10! u 
Cobalt (ug/1) ! 2.00 u 8.00 U \ 2.00 U I 8.~ U I 2.00 u 
Copper (ug/1) 1 2.oa u 5.0Q u 2.00 u : 5.0(1 u i 2.ooi u 
Iron (ug/1) I 12e.oa ! 138.ooi 18.60 U I 329.ooi 1:cii u I 

Magnesium (ug/1) I 5570.oa J 5340.0Q 3880.00 J : 3690.00 B l 5970.00! J 
Manganese (ug/1) I 1.40 u . 6.40 B 1 .ex: u l 4.40 e l ,~ca u 
Nickel (ug/1) I 5,0Q u 9.0Q u 5.CX u l 9.00 u l s.oa u 
Potassium (ug/1) I 2260.ooi B 20!50.00 B 683.00 B l 665.0C ul 2230.0Q B 
Silver (ug/1) i 5.00 u 4.0(1 u 5.00 u i 4.00 u l 5.0Q u 
Sodium (ug/1) l 4110.oa J 4080.0Q J 1800.0(1 J I 1810.0C J I 4820.00I J 
Vanadium (ug/1) I 16.soi u 15.3Q B 2.80 u l 5.CX u i 15Jla u 
Zinc (ug/1) I 5.0Q u l 7.0(1 u 24.401 U i 7.CX U I 5.0Q u 

I I I I I l 
I 

TOC (mg/I) i o.sa u : 1.1i i 
COD (mg/I) I I <60 I <60 ; I I 

Ammonia (mg/I) I I <0.51 ! <0.5 i 
I I I I I I 

Fluoride (mg/I) ! I 0.1& I o.41 I 
I I 

Chloride (mg/I) I I 1.771 0.8$ ' I 
Nitrite (mg/I) I I <O.OS UJ <O.osl UJi I I 
Nitrate (mg/I) ! I 1.83 J a.soi J: I 
Sulfate (mg/I) I I 14.23 8.SS ! i 
Phosphate (mg/I) I <0.11 UJ\ I UJ <0.1 I 

! I I I i 
I 

Sec. Cond. (umho/cm) I 167,21 I 117. 1 I 
pH ! i 

7.75 
I 

7.s:l ! I I 

TDS (mg/I) l 1141 i I 81 ' I 
Turbidity (mg/I) I 

1.SOI 
I I 1.80 : I I 

Alkalinity (mg/I) ! 64.61 J I I ; 52.31 J: ' 
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Sita ldenUflcatlon i 100N 100N 100N 100N 100N 
Sample Source I spring i i river ! river l spring i ! spring i 
DisctlarQe rivet'/ spring \cfs) 4.50E-031 9.08E+041 9.08E+041 2.20E-021 2.20E-021 
Coordinatn e (m) 571&Xll 571&Xll 571&Xll 5716801 5716801 
Coordinates N (m) 1501851 150185 150185 150485 1504651 
River Mile (nearest o. 1 mi.) 9.21 9.21 i 9.21 9.41 9.41 
Data 10/18/911 10/18/911 I 10/18/911 : 10/17/911 10/17 /911 
Time Interval 10:30 • 11 :30 I 10:41-11 :091 10:41 -11:09 I 1 10:05-11 :45 1 . 10:05-11 :45 I 
OSM Sample No. B01508 I a i B01501-f I Q 801501 I Q I B01504•f i a l B015O4 I a 
Quality Control Sample I I I I I I I I 

I 
I I I I I I 

Aluminum (ug/1) 177.00I u : 17.00I u 60.401 u l 11.ca U I 45.301 u 
Antimony (ug/1) 47.00I u : 14.0Q u 47.ooi u l 15.ecM B l 47.001 u 
Balium (ug/1) 33.401 B l 24.50 B l 29.701 a l 26.20 B l 29.7oi B 
Berytium (ug/1) I 1.00I u : 1.001 u i 1.001 U I 1.001 u i 1.ooi u 
Cadmium \ug/1) I 3.001 u , 1.00I U I 3.001 U I 1.00I U I 3.001 u 
Calcium (ug/1) 21400.00I 11400.oa 16600.00I 21000.00I 19900.00I 
Chromium (ug/1) 6.0ll u : z.oa U j s.oa U I 2.1Cl U I 6.0ll u 
Cobalt (ug/1) 8.0QI U I z.oa u \ a.oa u i z.oa U I a.ca u 
Copper (ug/1) 5.0Q U I 2.ca U I s.oa u z.oa u l 5.00I u 
Iron (ug/1) 202.001 7.0QI u 43.90 u i 13.30 u l 58. 101 u 
Magnesium (ug/1) 5810.ooi i 3850.0Q J 3720.oa B 4830.ooi J I 4650.ooi B 
Mangan•• (ug/1) 10.ad B l 1.ooi u 4.40 B , .ca u l 2.ooi u 
Nickel (ug/1) 9.0Q u l 5.0IX u 9.001 u s.oa u l 9.ooi u 
Potassium (ug/1) 2180.001 B l 688.0CX B 703.0Q u 1650.ooi a l 1590.00 B 
Sliver (ug/1) 4.0Q U I s.oa u 4,0IJ u 5.0Q U i 4.00 u 
Sodium (ug/1) 4510.ooi J i 1710.0IX J ,eeo.oa J 2970.ooi J I 2880.00 J 
Vanadium (ug/1) 15.30i B l 3.50 u s.oa u 10.~ u \ 9.'TQ B 
Zinc (ug/1) a:m u ! 5.ooi u 7.0Q u l s.ooi u i 7.ooi u 

I I I I I I I 
TOC (mg/ I) o.sa u : I 1.11 I ' o.ssi ' COO (mg/ I) <sci I <601 I i <sci 
Ammonia (mg/I) <0.51 I <0.51 i i <0.51 

I i I I I 
Fluoride (mg/I) 0.161 0.131 ! I 0.11 
Chloride (mg/I) 1.93 ' 0.88 I I 1.49 
Nitrite (mg/I) <0.051 UJ I <0.051 UJ I I <0.05 UJ 
Nitrate (mg/I) 1.7ai J : I o.531 J : I 1.2ai J 
Sulfate (mg/I) 15.891 9.141 

I I 11 .91 ' Phosphate (mg/I) <0.11 UJ I I <0.11 UJ I <0.1 UJ 
I i I I I I 

Elec. Cond. (umho/cm) 172.61 I 118.21 ' I ! 144.21 
pH 7.731 

I I I I i I 7.641 I 7.901 
TDS (mg/ I) 130 ! 721 ' I I 901 
Turbidity (mg/ I) 6.201 i 2.601 I I 1.201 
Alkalinity (mg/I) 66.51 J l 53.21 J ! I I 62.71 J 
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Site ldenUflcaUon 100N 100N 1000 I 100D 1000 
Sam01e Source ! river i ·,ver . spring ' 

I spring I river I 

Discharge river /spring (c1s)I 1.16E+05l 1.1SE+05l 2,90E-o41 2.90E-o41 9.48E+041 
Coorainatn E (m) I 5716801 : 5716801 5715971 5715971 5735971 
Coora,natn N (m) 15046Sl 1504651 1524701 1524701 1524701 
River Mile (nearest 0.1 mi.) I 9.41 9.41 11.01 ' 11.0I 11 .01 ' Date 10/17/911 i 10/17/911 9/28/911 I 9/28/911 9/28/911 I 
Time lntefVal 10:30- 11:22 I 10:30-11:221 9:25-10:55 I 9:25-10:55 10:55- 11:15 I 
OSM Sample No. 801505-f I a I 801505 l a I 8O1513-f i ai 801513 I a I BO1594-f I a 
Quality Control Sample I I I I l I I I I 

I I I I i I 
Aluminum (ug/1) I 20.00 U I 42.301 u : 17.ooi u 77.001 B I 18.201 B 
Antimony (ug/1) 14.00 u l 47.00 u : 14.ooi u 47.ooi U I 14.00 u 
Barium (ug/1) 25.00 B l 29.701 B ! 53.20 J l 55.401 B I 24.401 B 
Beryhum (ug/1) I 1.00 U ! 1.00 U , 1.00 u i 1.00 u i 1.00I u 
Cadmium (ug/1) I 1.00I U I 3.0Q U i 1.00 U I 3.0Q u : , .COi u 
Calcium (ug/1) I 17200.001 ~5400.oa 43300.00I 42900.00I 16900.00I 
Chromium (ug/1) I 2.00 U I 6.001 U i 123.00 i 124.00 2.401 B 
Cobalt (ug/1) 2.00 u a.ooi U ! 2.ool u 8.001 u I 2.00 u 
Copper (ug/1) I 2.001 u 5.00 U I 3.tti u 5.001 U t 2.ooi u 
Iron (ug/1) 11.301 u 47.ooi U I 7.Da u 72.1C J i 22.90 B ' Magnesium (ug/1) 3810.ooi J 3680.ooi B l 7170.00 7140.00 ; 3770.00 B 
Manganese (ug/1) I ,.oa u 4.&a e l ,.oa u 4.30 B I 1.0Q u 
Nickel (ug/1) s.ooi u 9.oa u I s.ool u 9.00 u i 5.ool u 
Potassium (ug/1) 675.00 B 698.ool u i 2570.00 B 2830.00 Bl 653.ooi J 
Silver lug/I) s.ooi u 4.ool U I 5.00 u 4.00 u I s.ooi u 
Sodium (ug/1) 1760.00 J 1600.ooi J I 5740.00 J 57fl0.0Q J I 1720.00 J 
Vanaaium (ug/1) 3.2Q u s.ool u i 2.8Q u 5.0Q u i 2.00 u 
Zinc (ug/1) I 5.00 u 7.0Q U I 7~ B 8.401 B I 5.00 u 

I I I I I I 
TOC (mg/I) i I 1.31 I 1 .61 ; 
coo rmg/1) i I 

<60 <61l I 
Ammonia (mg/I) I <O.si <0.5 UJ I I 

I I I i I 
Fluoride (mg/I) I ! o.38i 0.40 I 
Chloride (mg/I) I 0.871 20.16 

I I 
Nitrite (mg/I) I <O.osi UJI <0.051 UJ i ! 
Nitrate (mg/I) I I 0.491 J, 3.991 J ' I 
Sulfate (mg/I) I I 8.asl 44.431 I Phosonate (mg/I) I <0.1 UJI <0.11 UJ I I 

I I I I I 
Sec. Cond. (umho/cm) i I 114.9' 3081 J : I 
pH I I 7.85 I i 7.49i I 
TOS (mg/I) i I 7(l I 2461 I 
Turbidity (mg/I) ' I 1.201 i I 2.00I 
Alkalinity (mg/I) I I 53.21 ' I I 71 J ' ~-
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Site ldenttflcaUon 1000 100H l 100H 100H ' 100H 
Sample Source 

' 
river i l spring I I sering i river i river 

Discharge river /spring \cfsl! 9.48E+04l 1.20E-031 1.20E-031 8.24E+04l 8.24E+04l 
Coordinates E (m) i 5735971 57708a 5770801 5770801 5770801 
Coordinates N (ml I 1524701 1537701 1537701 1537701 1537701 
Ri..,... Mile (nearest 0.1 mi.) 11.0I : 14.31 ! 14.31 14.31 14.31 
Data 9/28/91 9/20/911 i 9/20/911 9/20/91 9/20/911 
Time Interval 10:55-11:15 · 9:15 -11:17 I j 9:15- 11 :17 i 10:30 • 11:11 I : 10:30-11:17 1 
OSM Sample No. 801594 a I B01581-f I a B01511 a I 801582-f a I B01582 :. a 
Quality Control Sample i I i 

I ! I I I I 
Aluminum (ug/1) 58.81'. U I 31.00I u 16900 B l 31 .QOI u i 115.00I 8 
Antimony (ug/1) 14.00 U I 47.0Q u l 47.oo! u l 47.00 U I 47.00I u 
Barium (ug/1) 26.00 J : 40.ad B l 41 .90 B l 2S.so J : 31 .101 B 

-
I 1.00 Berylium (ug/1) U I 1.0CX U I 1.ooi U I 1.ooi U i 1.00I u 

Cadmium (ug/1) I 
1.00 u : 3.00I u i 3.00 U l 3.00 u , 3.00I u 

Calcium lug/I) i 17300.00I 38900.00I 
: 

38400.00I 17600.00I 17400.00I 
Chromium (ug/1) a.aa U I 43.301 i 48.301 6.0Q U ! 6.00I u 
Cobalt (ug/1) 2.0Q U I a.ooi u 8.0Q U I 8.QOI U i 8.0Q u 
Copper (ug/1) 2.0Q UJ I 5.00 UJ s:00 UJ I 5.00 UJ I 5.0Q UJ 
Iron (ug/1) 102Jn ; 39~ Bl 223.00 12.0C u l 158.0Q 
Magnesium (ug/1) 3790.0C B 86SIO.OOI 86!0.00 

I 

3970.00 B 3950.00I B ! 
Manganeae (ug/1) 7.2C u i 2.ooi u 11.SC B l 2.00 u 12.~ B 
Nickel (ug/1) 5.00 u 9.0Q u 9.0C U I 9.0C u 9.oal u 
Po1assium (ug/1) 67S.OC J 2830.00 B 2790.0C e l 665.0C B 677.od B 

. Sliver (ug/1) 5.00 UJ 4.ooi u 4.00 u l 4.0C u l 4.oal u 
Sodium (ug/1) 1740.0C J I 9250.00I 9310.0C I 1830.0C B 2030.00I B 
Vanadium (ug/1) 2.7C u 7.1Q B 6.7C e l 5.00 u i 5.00 u 
Zinc (ug/1) 6.40 B l 7.0Q u l 700 U I 7.00 U I 7.0CX u 

I I I I I ! 
TOC (mg/I) I 1.8 I I 0.741 I I 1.61 I I 

COO (mg/I) i <60 I <soi I i <601 I 

Ammonia (mg/I) i <0.5 UJ I <0.5l UJ I I i <O.S UJ 

I I I 
Fluerid• (mg/I) 0.4:l ·i 

0.17 J : I 0.151 J 
Chloride (mg/I) 0.7~ I 

9.3C J : I 0~ J 
Nitrite (mg/I) <0.05 UJ I <O.~ UJ I I <0.051 UJ 
Nitrate (mg/I) I <0.1 J i i I 4-:sai J I ! 0.541 J 
Sulfate (mg/I) 8.54 

I 

45.741 J I I 9.651 J I 

Phosphate (mg/I) <0.1 UJ i <0.1 UJ I I <0.11 .UJ 

I I I 
Sec. Cond. (umho/cmJ I 12:i J I I 291 J l I 1231 J 
pH I 7.97 ! 7.'Sl I 8.1ol 
TOS (mg/I) I ~ I I 2071 I I 701 
Turbidity (mg/I) ' <0 . .2l ' ! d I I 1.31 i I 

Alkalinitv (mg/I) I s1 i J I I ! 7gj J : ! I 561 J I 
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Site ldentffleatlon 100H 100H 100H i 100H i 100H I 

Sam01e Source spring I spnng I I river ! river I spnng 
Oischarae river /sorinci (cfs )I nr I · nr i I 8.24E+04J 8.24E+041 1.SOE-031 I
Coordinates E Im) 5772551 5772551 577255! 5772551 57733CX 
Coorainatea N (m) 153660 I 1536601 153660 1536601 1536151 ' 

River Mile (neareat o. 1 mi.) I 14.41 14.41 14.41 14.41 14.51 
Date ' 9/20/911 9/20/911 9/20/911 9/20/911 9/2S/911 
Time Interval 1 11 :48 • 13:40 I 11:48-13:40 I 12:55- 13:20 I · 12:55-13:20 I : 11:22-13:00 I
OSM Sample No. I 801517-f IQ I 801517 I al 801581-f IQ I 801581 I a I B01591-f IQ 

Quality Control Sample I I I I
I I \ ' ! I 

t i I i I I i I ! I 

Aluminum (ug/1) ' 31.00I UI 77.0Q Bl 38.501 Bl 69.801 Bl 137.001 B 
Antimony (ug/1) I 47.00I Ui 47.001 UI 47.00I UI 47.0Q UI 14.001 u 
Barium (ug/1) 32.2D Bl 33.301 Bl 29.00I Bl 29.001 Bi 27.901 B 
Berylium (ug/1) 1.00I UI 1.001 u: 1.001 UI 1.001 UI 1.001 u 

0 Cadmium (ug/1) 3.001 u. 3.001 u, 3.00I U! 3.001 u: 1 .OOI u 
Calcium (ug/1) 35700.001 38500.001 17200.00I :6900.00I 34900.001 I 
Chromium (ug/1) I 46.90I 46.90I 6.00I UI 6.001 UI 47.401 
Cobalt (ug/1) i 

8.001 UI a.ca UI 8.00I UI 8.00 UI 2.001 u I 

Copper (ug/1) I 5.0Q UJ i s.oa UJ I 5.00I UJI 5.00 UJI 2.001 u 
Iron (ug/1) i 39.&a Bl 114.� 35.401 Bl 115.001 137.001 
Magnesium (ug/1) I ae!50.001 i 90QO.OO ! 3910.001 al 3790.001 Bl 87e0.001 

I 

Manganese (ug/1) I 2.0Q ul 2.50 Bl 2.001 U! a.ad Bl 1.oa u
Nickel (ug/1) I 9.0Q UI 9.00 ul 9.001 ul 9.00 ul 5.0Q u
Potassium (ug/1) I 1790.001 Bl 1710.00 Bi 723.0Q Bl 627.001 Bl 3430.0Q J 

Silver (ug/1) I 4.001 U! 4.00 UI 4.001 ul 4.0Q ul 5.0Q u 
N Sodium (ug/1) I 10500.001 I 11000.oa 

I 

11eo.001 B f 1870.001 Bi 11000.001 J 
I 

Vanaaium (ug/1) I s.oa u 5.00 ul 5.001 UI 5.0Q UI 6.701 u 
Zinc (ug/1) i 7.0Q UI 7.00 UI 7.001 UI 7.001 U\ 6.001 B 

N 
: I I ! i j 

I ! i 

TOC (mg/I) I ' I 0.941 I 1 .51 i' 

COD lmg/1) I i <SQ ' I <601 I 

Ammonia (mg/I) I : I <0.51 UJI i I <0.51 UJI I 
I I I I I I i I iI 

Fluoride (mg/I) I 

I I 0.181 J i ! I o.441 J I I I 

Chloride (mg/I) I I I a.:iej J I I I 0.791 J i I '

Nitrite (mg/I) i I i <O.OS UJI I I <0.051 UJ I i 

Nitrate (mg/I) I ! I 4.571 J ! <0.11 UJ I i 

Sulfate lmg/1) I I I 46.815 J I i 
I 

8.571 J ; ! I 
Phospnate (mg/I) I <0.1 wi I I <0.1! UJI I 

I I I i I I I I 

Bee. Cond. (umho/cm) ! I 293 J : ! I 1241 J I II 

pH I I 7.28 I 8.101 
I 

TDS (mg/I) i I 2281 i I 271 I i 

Turbidity (mg/I) I 1.Q! l 0.31 

Alkalinity (mg/I) a21 J I 531 J I 

C-12



DOE/Rl-92-12 

Site Identification 100H 100H I 

' 100H 100H 100H 
Sample Source ! spring river I river 

I 
spring ! spring ' ' ; 

Discharae river/sprinci (cfs)I 1.80E-031 9.09E+041 9.09E+041 3.00E-04! 3.00E-04! Coordinates E (m) ' 5773301 5n330i 577330 5778851 5778851 Coordinates N (m) ' 1536151 1536151 1536151 153160! 1531601 River Mile /nearest 0.1 mi.) I 14.51 14.51 14.51 14.91 14.91 Date I 9/25/911 9/25/911 ' 9/25/911 9/26/911 I 9/26/911 ' nme Interval 111:22-13:00 I 13:00 • 13:25 I l 13:00 • 13:25 I 12:05 • 13:35 I : 12:05 • 13:35 I 
OSM Sample No. B01591 I a I B01592-t I a B01592 j a I B01595-t I Q I 801595 I a 
Quality Control Sample ! I I ; 

I i I I 
I I I i I i I I 

' Aluminum (ug/1) I 677.00I 17.00I u l 109.00I U I 17.00I U I 413.00I 
Antimony (ug/1) I 14.00I U I 14.00I u \ 15.sd U I 14.00I u l 14.00I u 
Barium (ug/1) I 

37.301 J . 26.00I B l 28.801 J ' 42.901 B l 54.00I J 
I 

Berylium (ug/1) ' 1.00I u ; 1.00I U \ 1.00 u . 1.00I u : 1.00I u 
C.idmium (ug/1) 1.00I u . 1.00I u : 1.00I u . 1.00I U , 1.00I u 
Calcium (ug/1) 35200.001 '. 7300.00I 17800.00I 28800.00I 30500.001 
Chromium (ug/1) : 51 .60! 2.00I U I 2.00I U I 21.21) 35.301 
Cobalt lug/I) I 2.0QI U I 2.00I u l 2.00 U I 2.00I U I 2.00I u 
Copper (ug/1) I 2.00I UJ I 2.00 u 2.00 UJ I 2.00I U I 2.00! UJ 
Iron (ug/1) 924.00I 

' 7.00I u 138.ooi 13.401 B l 792.00I 
Magnesium (ug/1) 8500.ooi 3840.00I B 3920.00I B l 6570.00I 

I 
6800.00I 

Manganese (ug/1) 37.9Q ! ,.oa u 10.601 B l 2.901 B ! 31 .ooi ' 
Nicicel (ug/1) I s.oa u i 5.00 u s.oa u l s.oa U I s.ooj B 
Potassium (ug/1) 3340.00I J r 739.00 J 788.ooi J I 2450.00I J I 2530.00I J 
Silver (ug/1) S.OQ UJ I s.cxi u 5.0Q UJ \ s.oa U j s.oa UJ 
Sodium (ug/1) 10900.00I J I 1860.oa J 2130.ooi J I 7460.00I J I 7650.00I J 
Vanadium (ug/1) I 10.401 u l 2.aa u 2.90 u l 2.401 u l 7.20 u 
Zinc (ug/1) I 27.301 a.ca B l 13.sd B l 5.00I U \ 32.101 I I I I I ! I 

I 

I I 
TOC (mg/I) I 0.741 I 1.81 0.841 
COD (mg/I) I <601 I <601 I < SOI I 

Ammonia (mg/I) I <0.51 UJ I I <0.~ UJ I I 
I 

<0.51 UJ 
I I 1 I I I I 

Fluoride (mg/I) I 0.21\ I 0.4sl I 0.20 
Chloride (mg/I) I 6.431 I 0.7si I 2.121 Nitrite (mg/I) I 

<0.0SI UJ I l <O.osi UJ \ I <0.0$ UJ 
I 

Nitrate (mg/I) I 
4.351 J i i I 1.97i J 

I <0.1 UJ I 
Sulfate (mg/I) i 38.231 I 8.6C i 21.241 
Phosphate lmg/1) <0.11 UJ I I <0.1 UJ \ ! i <0.1 \ UJ 

I I I I I I I Bee. Cond. (umho/cm) I 2ssl J I I 12d J : l i 2261 J 
pH ! 7.371 i I 7.00 I 7.471 
TDS (mg/I) I 1881 ! I 791 I I 1221 
Turbidity (mg/I) : <0.2! i <0.21 ' i <0.2J 
Alkalinity (mg/I) ! 80! J ' I I s1 I J ; l 871 J 
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Site ldenUflcatlon 100H 100H 100H 100H 100H 
Samele Source I river river i soring spring : river I 

Discharoe nver/sprino (cfs)I 3.48E+041 9.48E+041 4.70E-031 4.70E-031 8.75E+041 
Coorainates E {m) i 5n8851 5778851 5782351 5782351 5782351 
Coordinates N (m) i 1531601 1531601 1528601 1528601 1526601 
River Mile (nearest 0.1 mi.) 14.91 14.91 15.31 15.31 15.31 
Date 9/28/911 9/28/911 10/21/911 ! 10/21/911 10/21 /911 
nme interval I 14:00 • 14:30 I 14:00 • 14:30 I · 11:35-13:10 I : 11 :35 . 13:10 I 12:38-13:10 I 
OSM Samoie No. B01598-f I a I B01598 I a ! B01508-f I a I B01506 I a ' B01507-f I a ' 
Quality Control Samote 

I I 
' i ' I I I I I 

I 1 I I : I i I 

Aluminum (ug/1) 17.00I U : 60.901 U I 31 .00I u i 104.00I u 370.00I 
Antimony 1ug/l) 14.ooi U ! 14.00I U I 47.00I U I 47.ooi u 47.00 u 
Barium Iug/l) I 24.40! B ' 26.301 J ; 25.00 B l 22.501 B 35.00 B 
Beryiium lug/I) ! 1.00 u 1.00 U I 1.00 U I 1.00 u 1.00I u 
Cadmium lug/I) ' 1.00 u 1.00 U i 3.00 U i 3.00I u 3.00I u 
Calcium lug/I) 16800.00I 17500.00 23700.00I 24100.00I 1 6700.001 
Chromium lug/I) I 2.001 U : 2.001 U I 15.701 20.901 6.00 u 
Cobalt (ug/1) I 2.001 U i 2.00I U I 8.00 U I 8.001 u . 8.001 u 
Copper Iug/l) 2.001 U : 2.00I UJ I 5.00I u 5.od u . 5.00I u 
Iron (ug/I) 7.001 U I 83.401 u l 21.30 U I 144.00I 415.00I 
Magnesium (ug/1) 3720.ooi B l 3820.00I Bl 4240.00I 8 4480.00I B l 4220.00I B 
Manganese (ug/1) 1.00 u ! 8.001 u l 2.00 u 4.40 8 1 3.~ B 
Nickel (ug/1) 5.ooi U I s.ooi U I 9.00I u 9.oo! U I 9.00 u 
Potassium (ug/1) 62S.001 J I 655.001 J T 1100.00I 8 1230.ooi B ! 952.00I B 
Silver (ug/1) s.oq u i s.ooi UJ I 4.001 u 4.ooi u : 4.001 u 
Sodium (ug/1) 1670.00I J ' 1980.ooi J I 3380.001 J 3470.001 J ' 1610.00I J 
Vanadium (ug/1) I 2.ooi U i 2.SQ e l 5.001 u 5.001 u . 5.00I u 
Zinc (ug/I ) I 261.00I 8.00I B l 7.001 U I 7.001 u 7.00 u 

i I I I I I 

TOC (mg/I) i 1.41 l 0.831 
COD (mg/I) I <601 ' I <60I 
Ammonia (mg/I) i I <0.51 UJ I I I <0.51 : 

I I I I I i ! I 
Auorioe (mg/I) I i i 0.421 I I o.11I I 
Chloride !mg/I) I I 0.71I i ! 1.561 I 
Nitrite (mg/I) I I I 

<0.051 UJ i < .OSI UJ : I I 

Nitrate Img/l) ! I : <0.11 UJ I ! I 1.ssl J I 

Sulfate ,mg/I) I i : 8.351 : i 14.921 
Phospnate (mg/I) I I 

<0.1I UJ I : <0.1\ UJ , ! I 

I I ! ' I I I I i I 
Bee. Cena. (umho/ cm J ' I i 1051 J I : 134.11 I 

: 
pH I I 8.031 I 7.591 
TDS (mg/ I) I I 341 ' I 1131 
Turbidity (mg/ I) I I <0.21 i 0.61 
Alkalin ity Img/ l) I I 

51 1 J l I 671 
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DOE/RL-92-12 

Site Identification 100H 100F 100F 100F ; 100F ' 
Samele Source river river ! mIer ' ; sonng soring : I 

DischarQe river ,spring (cfs II 8.75E+04l 2.30E-031 2.30E-031 8.55E+04l 8.55E+041 
Coordinates E (m) 5782351 580820! 580820I 580820I 580820I 
Coordinates N Im) 1525601 1482751 1482751 1482751 i 482751 : 
River Mile (nearest 0.1 mi .1 1 15.31 18.71 18.71 18.71 18.71 I 

Date 10/21/911 9/27/911 9/27/911 9/27/911 I 9/27 /911 ! 

Time Interval 12:38 • 13:10 I 10:40-12:01 1 10:40 -12:01 I 12:20 • 12:37 I 1 12:20 -12:37 I 
OSM Sample No. B01507 I a I B01599-t i Q I B01599 I a I B01580-t I a I B015B0 ' 

Q 

Quality Control Samele I i i ! ' ' I ' 
i I I ; I I I i 

Aluminum (ug;I) 160.00I u l 32.601 8 I 11 2.00I u 17.00I U I 36.40! u 
Antimony (ug/I) ' 47.QOI U i 14.00I U i 18.101 u : 14.aol U I 14.001 u 
Barium lug/I) 28.801 8 ' 24.20! s : 25.40! J 24.50! B l 26.901 u 
Bery1ium (ug;I) 1.00I u l 1.001 u 1.00I u 1.00I U I 1.001 u l 
Cadmium (ug/1) 3.00I u 1.00I u . 1.001 u 1.00I U ! 1.001 u 
Calcium (ug/1) 16300.001 ~0900.00I 42400.001 17000.001 17800.001 
Chromium (ug/I) 6.00I u i 2.701 8 ! 7.40! u : 2.00I U I 6.301 u 
Cobalt (ug/I) a.col u i 2.00I U I 2.00I u : 2.00I U I 2.00I u I 

Copper (ug/I) ' 5.ool U I 2.00I U I 2.00I UJ I z.ool U I 2.00I UJ 
Iron (ug/I) ; 183.ooi : 18.901 B I 102.00I 10.901 B l 71.301 u 
Magnesium (ug/I) I 3830.00I B l 9590.00I 9710.00I 3820.00I B 3870.00I B 
Manganese (ug/1) ! 4.201 B l 1.00 U I 6.80 U I 1.1oj B 7.20 u 
Nickel (ug/I) I 9.00 u j 5.00I u i 5:00 U I 5.00 u 5.00 u 
Potassium (ug/1) ! 820.ooi B l 1970.00I J ! 2010.00I J ! 697.ooi J 696.00I J 
Silver (ug/I) ' 4,00 u i 5.00I U I 5.00 UJ j 5.QOI u 5.ooi UJ I 

Sodium (ug/I) i 1520.ooi J I 6500.00I J ! 6690.ooj J : 1850.ool J I 2070.00I J 
Vanadium (ug/1) ! 5,00 u I 

2.00I u i 3.ool U l 2.ool u i 2.00 u I 

Zinc (ug/I) 7.00I u I 5.00I U ; 11 .201 B i 12.00I B l 13.601 8 

i ! I I I ! I 

' ' 
TOC (mg/I) 1.21 0.791 : 1.61 ! 
COD (mg/I) <601 I <601 I j <SOI 
Ammonia (mg/I) ' <O.sl I <0.51 I I <0.51 UJ I I 

I I I I I I ! I 
Fluoride (mg/I) I 0.121 I 0.131 ! 0.391 J 
Chloride (mg/I) I 0.7ai I 0.191 I 0.931 J 
Nitrite (mg/I) < .Os! UJ \ I <0.051 UJ I i < .051 UJ 
Nitrate (mg/I) 0.491 J i I 2.661 J I I <0.11 UJ 
Sulfate (mg/I) 8.721 ' ! 33.821 I i 8.811 J 
Phosphate (mg/I) <0.1I UJ \ ! <0.1i UJ I I I <0.11 UJ I 

I i ! I I ! ! l 
8ec. Cond. (umho/cm) 89.ai ; i 3101 I I 97.21 J 
pH 8.091 I 8.111 I 8.201 I I 

TDS (mg/I) 751 : i 1751 : ! 881 
Turbidity (mg; I) 1.Si I 5.31 ; I 1.11 
Alkalinity (mg / I) 521 1021 J I 54.2l J 
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OOE/RL-92-12 

Site ldentlflcaUon 100F 
Sample Source spnng 
Discharae river/spring (cisll 1 20E-031 
Coordinates E {ml 5812301 
Coordinates N {m) 1479401 

River Mile (nearest o. 1 mi.I I 19.0I 
Cate 9/27/911 
Time Interval : 8:00 • 9:35 I 
OSM Sample No. 
Quality Control Sample 

Aluminum jug/I) 
Antimony (ug/1) 
Barium tug/I) 
Berylium (ug/1) 
Cadmium (ug/1) 
Calcium 1ug/l) 
Chromium (ug/1) 
Cobalt (ug/1) 
Copper (ug/1) 
Iron (ug/1) 
Magnesium (ug/1) 
Manganese {ug/1) 
Nickel (ug/1) 
Potassium (ug/1) 
Silver (ug/1) 
Sodium (ug/1) 
Vanadium (ug/1) 

1 B01597-f I 01 

I 

! 

I I 

21.901 B I 
14.00I U l 
26.401 B ! 
1.00I U I 
1.00I U: 

25600.001 

2.00I U ! 
2.00I U l 
2.ool U I

10.70 8 I 
56SO.OOI I 

1.0Q U I 
5.ool U I

1000.00 J I 
s.ool u I

2370.ooi J I 
2.oa u:

Zinc jug/I) 6.801 8 I 

TOC (mg/I) 
COO (mg/I) 
Ammonia (mg/I) 

Fluoride (mg/I) I 
Chloride (mg/I) I 
Nitrite (mg/I) 
Nltnlte (mg/I) 
Sulfate (mg/I) 
Phosphate (mg/I) I 

Elec. Cond. (umno/cml 
pH 
TOS {mg/I) 
Turbidity (mg/I) 
Alkalinity (mg/I) 

100F 
spring I 
1.20E-031 

5812301 
1479401 

19.0I 
9/27/911 

100F 
i river 

8.55E+041 
5812301 
147940 

19.Q
9/27/911 

100F 
river 

8.55E+041 
5812301 
1479401 

19.Q
9/27/911 

100F 
1 spring 

2.20E-02! 
5826211 
1455971 

20.81 
9/30/911 

8:00°9:35 I 9:50-10:101 9:50-10:10 I "9:10-11:15 I 
B01597 Q I B01511-f i Q I B01598 1 Q I B015CO-r I 0 

I I i i I l 

55.101 u I 
18.201 U I 
26.801 J : 

1.00 u I 
1.00I U I 

25800.00I 
2.00I U I 
2.00 u I 
2.ooi UJ
se . ..ai u I 

5530.0QI 
4.1oi U 
5.M u

1030.ooi J 
5.ooi UJ

2Se0.00 J 
2.m u

12.aa e 1
I I

0.791 
<SQ 

<0.51 l 

o . .'.31:11
1.291 

<0.051 UJ I 
1.eoi J I

17.921
<0.1/ UJI

171! 
7.47 

ggj 

<0.2! 
6sl J : 
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27.201 B i 
14.00I U ! 
24.401 B i 

1.00I U : 
1.00I U , 

17000.00I 
2.00I U i 
2.00I U I 
2.00I U I 
7.ooi U I

3770.00I B I 
1.ool u I
5.0Ci u I

665.001 J I 
s.ool u i

1690.ooi J i

2.oa u l
5.00I U I 

68.00I u I 
18.70 U I 
27.501 J : 
1.00I U I 
1.00I U ! 

17800.00l 
2.201 U I 
2.00I U I 
2.oa UJ I

55,m U I
3870.00I B I 

7.201 U I 
5.ool U I

689.00I J I

s.oa uJ i
1 970.ooi J l 

2.oa 8 I
6.401 B I 

1.51 
<601 
<0.51 

I I 
0.431 
0.711 

<0.0SI UJ I 
<0.1\ UJ I 
8.381 
<0.11 UJ I 

120 
8.161 

561 
<0.21 

52! J : 

17.801 U 
14.00I U 
41.601 J 

1.00I U 
100 U 

42400.00I 
3.00I 8 
2.00I U 
2.00I U 
7.0Ci U 

8780.00I 
1.oa u

5.0Ci U

2410.0Ci B 
5.0Ci U 

9040.ooi J 
2.00I U 
8.6Q B 



DOE/RL-92-12 

Site Identification 100F 100F 100F 
Sample Source spring I river river 
Discharge river / spring (ctsll 2.20E-021 8.57E+041 8.57E + 041 I 
Coordinates E (m ) 582621 1 582621 1 5826211 
Coordinates N (m ) 1455971 1455971 1455971 
River Mile /nearest 0.1 mi. i 1 20.81 20.81 20.81 
Data 9/30/911 9/30/91 1 9/30/911 
n me Interval 9:10- 11 :15 1 11:50-12:20 I 11:50 -1 2:20 
OSM Sample No. B015CO I a I B01SC1-f I a I B01SC1 : a 
Quality Control Sam01a I ; : 

I I I I I I 

Aluminum (ug/ I) 334.00I 17.001 U i 36.001 B 
Antimony (ug/1) ' 47.001 u I 16.101 U I 47.00I u 
Barium (ug/1) 50.801 B I 27.40! J ' 27.701 B 
Barylium lug/I) 1.001 u ' 1.001 u : 1.00I u 
Cadmium iug/ I) 3.00I u I 1.00I u 3.00I u 
Calcium tug/I) 42300.001 17500.00I 181 00.00I 
Chromium (ug/1) : 9.60 8 I 2.00I u I 6.001 u 
Cobalt (ug/1) 8.001 u I 2.001 u ' 8.001 u I 

Copper (ug/I ) i 5.001 u I 2.001 U ! 5.00 u 
Iron (ug/1 ) 1370.00I J I 9.001 U : 54.40! J 
Magnesium (ug/ 1) I 9040.001 3870.00I B l 4040.00I B 
Manganese (ug/1) I 45:cii : 

1.70 U I 8.70 B 
Niclcel (ug/ I) I 9.ooi u I 5.001 U I 9.001 u 
Potassium (ug/ 1) i 2480.001 8 i 592.00I B l 71 7.001 B 
Silver (ug/ 1) I 4.00 u I s.ooi u i 4.ooj u 
Sodium (ug/ 1) I 8970.ool J I 191O.00I J ! 2060.001 J I 
Vanadium (ug/I ) i 5.00 u I 2.001 U I 5.001 u 
Zinc (ug / I) : 18.00 B I 5.001 U I 7.00I u 

\, , I I I : ! 
TOC (mg/I) 0.591 1.51 
COO (mg/I) 711 I 791 
Ammonia (mg/I ) <0.sl UJ I I 

I <0.51 UJ I 

I I I ! i I 
Fluoride (mg/I) I o. ,al J I i I 0.1 21 J I 

Chloride (mg/ I) I 9.SQ J ! I i 1.021 J 
Nitrite (mg/ I) i <0.051 UJ I ! I <0.0SI UJ ' 
Nitrate (mg/ I) ! 

4.33l J I I ! <0.11 UJ I I 

Sulfate (mg/ I) : 
40.051 J I i ; 9.651 J 

Phosphate (mg/I ) I <0.1I UJ I i I <0. 11 UJ 
; l I 

! I l 

Sec. Cond. (umho/ cm J 268.41 J I ! i 97.0I J 
pH 7.soi I 9.171 
TOS (mg/I) 1941 I ! s1I 
Turbidity (mg/I) 0.351 : 1.21 
Alkalinity (mg/I) 94.11 J I 

: 54.21 J 
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DOE/RL-92-12 

Site Identification 100F 100F ; 100F 100F 100F 

Sample Source I spring i soring ' river river ' i Dup. 801585 
Discharae nvertsprina (cfsll nr ' nr : 7.11E+041 7.11E�041 1 SOE-031 
Coordinates E Im) 5828641 5828&4l 5828841 � 5828641 

Coordinates N (ml 1 1451301 145130! 1451301 1451301 1451301 
River Mile /nearest o. 1 mi.I t 21.61 21.61 21.81 21.61 21.61 
Date ' 9/29/911 9/29/911 9/29/911 9/291911 9/29/911 
Time Interval : 8:35- 10:17 I 8:35 • 10: 17 · 11:30-12:02 I 11:30-12:02 1 10:20 • 11:10 I 
OSM Sample No. I 801585-t I 01 901585 01 B0158&-f ! o I 801581 l o I 901587-t, I a

Quality Control Sample I I I I I I I 
' 

I I ! I I I I i 

Aluminum 1ug/l) I 17.ool U, 121.00l Ui 19.801 81 85.401 UI 17.001 u 

Antimony (ug/1) ! 14.001 Ul 14.00 UI 14.Q(J UI 14.00 UI 14.001 u 

Barium (ug/1) i 42.901 e: 45.101 J 28.ooi Bl 28.001 J 43.201 8 

Berylium lug/I) I 1.ool u. 1.00 UI 1.ooi UI 1.00 UI 1.001 u 

Cadmium lug/I) 1.001 u. 1.001 Ut 1.001 UI 1.001 · U . 1.001 u 

Calcium lug/I) 18800.001 .15500.00! 45500.001 46400.00I 18100.001 I 

Chromium tug/I) 2.001 u. 5.20 UI 2.ool UI 2.2Q. U I 2.001 u 

Cobalt (ug/1) 2.ool u: 2.00 UI 2.0Q UI 2.00 u: 2.001 u 

Copper (ug/1) ' 2.ool U! 2.001 UJ I 2.0Q UI 2.00 UJI 2.001 u 

Iron (ug/1) i 7.001 UI 231.001 28.10 Bl 88.201 UI 7.00 u 

Magnesium (ug/1) I 
9020.001 9000.001 

I 

3980.ooi Bl 4070.001 Bl 9010.001 I 

Manganese lug/I) ! 1.ooj u: 6.30 UI 1.10 Bi 7.� U\ 1.ooi u

Nickel (ug/1) I 5.0Q UI 5.001 ul 5.00 UI s.ool ui s.oa u

Potassium (ug/1) I 2910.00 J 2970.001 J I 795.0C J i 728.0ll J : 2890.00 J 

Silver (ug/1) I 5.0Q UI 5.001 UJI 5.0C ul 5.ooi UJi s.ool u
I 

Sodium (ug/1) I 10100.00I J : 10100.001 J I 1960.0C J I 2220.ool J ; 10100.00I J 
Vanadium (ug/1) I 2.301 u: 5.001 Bl 2.ool u: 2.90 UI 3.101 u 

zjnc (ug/1) ! 5.00 u: 11.20 Bl 6.Q(J Bl 10.sa Bl 5.20 B 

I
I 

! ! ! i ; 
I 

TOC lmg/11 I 0.941 ! ' 1.51 ! ; 

COO (mg/I) I 631 i I 711 
Ammonia lmg/1) ' I I <0.51 UJI I 

I <0.51 UJ I II 

! ! ! I I i I I 
Fluoride (mg/I) I i 0.151 J I I o.421 J II I 

Chloride (mg/I) I I 9.71\ J i I 1.021 J i I 

Nitrite (mg/I) I i <.05 UJ\ I <.OS UJI
Nitrate (mg/I) i l s.sa J i I 0.511 J i ! 
Sulfate (mg/I) ; i 47.301 J i I 9.311 J : 
Phosphate (mg/I) I ! <0.11 I UJ I I <0.11 UJ I I 

I I ; I 

i I i I! 

Sec. Cond. lumho/cm) I I I 
230.91 J I ! 100.1i J iI I 

pH \ I I i 8.241 iI 7.581 j 

TDS (mg/I) I 2321 I r 631 i 

Turbidity (mg/I) ' 1 .11 I 1.81 I 

AJkalinity-(mg/1) i I 
90.251 J I 53.21 J I 
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DOE/RL-92-12 

Site Identification 100F 100F 100F 100F ' 100F 

Sample Source sering I spring river river I spnng I I 
Discharge river1scring (ctsll i.SOE-031 7.11E+041 7.11E+041 2.30E-031 2.30E-031 
Coordinates E Im) 5828641 5828641 5828641 5829621 5829621 ! 
Coordinates N Im) 1451301 1451301 1451301 1448131 1448131 
River Mile (nearest 0.1 mi.l I 21.61 21 .61 21 .61 21 .81 21.81 
Date i 9/29/911 9/29/911 9/29/911 9/28/911 9/28/911 
Time Interval 110:20-11:10 I 12:11. 12:42 I 12: 11 • 12:42 I 10:56 • 12:10 I . 10:56 • 12: 10 I 
OSM Sample No. ! B01587 ! a I B01589-f I a I B01581 I a I B01583-f i a I B01583 i a 
Quality Control Sample i Dup. 8015851 Dup.8015851 Dup.8015861 Dup. 8015861 ' I 

I i ! : I ! I I I 
Aluminum (ug/1) ' 859.ooi 17.ooi B l 128.00 u i U i 146.00I U I 24.901 
Antimony (ug/1) I 19.901 u ! 14.00 U I 14.00I U ! 14.00I U I 14.00I u 
Barium tug/I) 

I 
57.sol J B i 28.201 43.201 B l 44.601 J I 25.601 J ' 

Berytium (ug/1) I , .ooj U I 1.00I u : 1.00I u : 1.00I u i 1.00I u 
Cadmium (ug/1) i 1.ool U , 1.ooi u 1.00I u : 1.ool u : 1.00I u 
Calcium {ug/1) 46900.001 18600.00 18900.00I 45600.001 46300.001 
Chromium tug/I) 4.201 u : 2.00I u 4.701 u , 2.40( B l 6.90! u ... 
Cobalt tug/I) 2.00I u . 2.00I u 2.00I u : 2.00I U I 2.00I u 
Copper (ug/1) i 2.00I UJ I 2.00I u : 2.00I UJ I 2.001 U I 2.00I UJ 
Iron (ug/1) I 1850.001 7.od U i 219.ooi 24.501 B l 184.ooi 

r ·Magnesium (ug/1) i 9280.001 4060.00I B l 4100.00I B l 8880.001 8810.00I 
Manganese (ug/1) 

I 
46.401 1.00 U ; 17.9Q 1.ooi u l 7.10! u ! 

Nickel (ug/1) I 5.ooi U I 5.00 U i 5:00 U I 5.ooi u i 5.od u 
' Potassium (ug/1) I 2990.00I J I 760.00 J . 793.ool J : 2970.ool J 2960.00I J 

Silver (ug/1) I 5.00 UJ i 5.ooi u l 5.ooi UJ I 5.00I u 5.0CX UJ .. 
Sodium (ug/1) I 10000.00I J l 2050.ooi J I 

I 

J I 9700.00I J J : 2220.00I 9690.00I 
Vanadium (ug/1) I 7.90 u l 2.~ u ! 2.101 a l 4.00 u i 4.701 u 
Zinc {ug/1) I 79.90 · 5.2q B l 11.601 a l 5.001 u \ 7.60! B 

' ! : I I I I I 
TOC (mg/I) : 1.11 ! 1.61 I ! 0.691 
COD {mg/I) 631 i < 601 : ' 711 
Ammonia (mg/I) 0.601 J i <0.51 UJ : I l <0.51 UJ 

I ' I ! I I i I ; 

Fluoride (mg/I) I 0.1~ J I I 0.11 \ J I i I 0.151 J 
Chloride (mg/I) I 9.781 J I i 0.961 J ; 9.61 J I 

Nitrite (mg/I) I <.05! UJ I I < .05i UJI < .Ost UJ 
Nitrate {mg/I) i 5.52! J I I 0.511 J : 4.931 J 
Sulfate {mg/I) ! 47.351 J i I 9.301 J : I 49.391 J 
Phospnate (mg/I) i <0.11 UJ I 1 <0.11 UJ I I <0. 11 UJ 

! I ! I I I I 
Elec. Cond. (umho/cm) i 270.al J I 

1 l 99.51 J : 263.11 J 
pH 7.481 

: 

I I I 7.471 : 8.281 
TDS {mg/I) 2251 I 581 ! I 2151 
Turbidity (mg/I) 1.51 I 2.51 l I 0.751 
Alkalinity (mg/I) 89.31 J . : 53.21 J . i ! 92.151 J 
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DOE/RL-92-12 

Site ldentJflcaUon 1DOF 100F 10DF 1DDF 1DDF I 

SamoteSource river river soring spring river 
OischarQe river/sonnQ (cfsll 7.00E+04l 7.00E+04l nn nn 7.00E+04l 
Coordinates E Cm) 582962J 5829621 5831321 583132! 5831321 I 

Coordinatea N Cm) 1448131 1448131 1443171 1443171 1443171 
River Mile {nearest O. 1 mi.I 1 21.81 21.81 22.11 22.11 22.11 
Date 9/28/911 9/28/911 9/28/911 9/28/911 9/28/911 
Time Interval 12:37 -12:58 I . 12:37-12:58 I 8:30 • 10:08 I 8:30 • 10:08 I 10:10 • 10:35 I
OSM Sample No. BD1584•f I a I 801584 I QI 8015B1-f I a j 8015B1 I a I 801582-f I a

Quality Control Sample ' : ' ! ! i ' l 

I ! i I i : : 
' 

' ' 

Aluminum (ug/1) 17.00I UI 57.1(l UI 17.00 u 43.901 B I 17.00 u

Antimony (ug/1) 14.00I UI 14.Q(l UI 15.00 u. 47.0(l u I 14.00 u

Barium (ug/1) 24.00I B! 25.7(l J 37.20I J 38.101 B I 23.901 B 

Berytium (ug/1) 1.Q(l Ut 1.00 u: 1.00 u. 1.00 u i 1.00 u

Cadmium rug/I) 1.00 Ui 1.00 u: 1.00 u 3.00 u I 1.00 u

Calcium tug/I) 16800.00I 17500.00I 38600.00I 39500.00I 17200.00! 

Chromium (ug/1) 2.00 u: 11 .301 U, 32.101 6.00 B 2.00 u

Cobalt (ug/1) 2.00 UI 2.00 U, 2.00 u. 8.00 u 2.00 u

Copper (ug/1) 2.ooi Ui 2.ool UJI 2.00 u 5.00 u 2.00I u

Iron (ug/1) 7.00 UI 110.00 119.00 31.1(l J 7.00I u

MagneS1um (ug/1) ; 3710.00I Bi 3820.00 Bl 7290.00I 7550.00I 3810.00I B '

Manganese (ug/1) 1.00 UI 7.eQ U! 2.1oi u 2.00I u 1.00I u

Nickel (ug/1) I 5.00I UI s.501 Bl 1 t.801 Bi 9.ool u 5.00 u 

Potassium (ug/1) 637.00I J I 692.ool J i 2560.00I B I 2630.00I B 632.00I J 

Silver (ug/1) ! 5.00I ul s.ool UJ I s.ool u: 4.00 u s.ool u

Sodium (ug/1) ' 
1700.00I J i 1960.001 J : 7870.ooi J 8170.001 J I 1700.00I J '

Vanadium (ug/1) '
2.ooi ul 3.ool UI 4.201 u 5.00I u I 2.oa u'

Zinc (ug/1) ' 5.00 Ul 9.601 Bl S.OOI u. 10.101 B I S.OOI u
' I I '

TOC (mg/I) 1.51 0.691 

CQO (mg/I) i 711 711 
Ammonia {mg/I) ' ; 

<0.S UJI I <0.51 UJ I 
; 

I i I I I !
I \ ' 

Fluoride (mg/I) : ! i o.401 J I I ' 0.1!51 J I I 

Chloride {mg/I) I I I 1.ool J ; I 6.991 J i I 

Nitrite (mg/I) ! ! <.05' UJI I <0.05l UJ I i 

Nitrate (mg/I) i i I 

<0.1i UJI I 3.531 J I ! 

Sulfate (mg/I) I i 9.201 J i ! 38.921 J : : 
Phosohate lmg/1) ' I ' <0.11 UJI I <0.11 UJ I i 

I i I I I i I ! 

Elec. Cond. lumho/cm1 ' 105.71 J t ; 228.71 J II 

pH I 8.441 i 7.571 
TDS (mg/I) 94' 1931 
Turbidity (mg/I) 1.01 ' a.SOI

Alkalinity (mg/I) I 52.25i J I 78.9! J
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DOE/RL-92-12 

Site Identification 100F HAN HAN HAN HAN 
Sample Source river soring : soring river river 
Discharge river /spring 1cts)1 i .OOE+04I 3.30E-02! 3.30E-02! 9.51E+041 9.51E+041 
Coordinates E (ml 583132! 5849861 5849861 5849861 5849861 
Coordinates N (m) 1443171 140838! 140838l 140838! 140838l 
River Mile (nearest O. 1 mi.) I 22.11 24.61 24.61 24.61 24.61 
Date 9/28/911 10/2/911 10/2/911 10/2/911 10/2/911 
TTme Interval : 10:10 • 10:35 I ; 3:10 -15:05 I 13:10-15:05 I 16:07 • 16:37 I 16:07 • 16:371 
OSM Samele No. B01582 a : B01SC4-f I a I B01SC4 a I B01SCS-f I a I B01SCS I a 
Quality Control Sample I I I I 

I i i 
Aluminum (ug/1) 44.901 u 17.00I B l 158.00I B l 19.801 u I 82.401 B 
Antimony (ug/1) i 14.00I u 14.00I u I 47.00I u I 14.00I u i 47.00I u 
Barium (ug/1) 25.501 J 30.80\ J 38.10\ B l 28.80\ J 27.70\ B 
Berylium (ug/1) 1.00I u 1.00\ u : 1.00I u 1.00I u 1.00 u 
Cadmium (ug/1) 1.001 u 1.00I U l 3.00I u ! 1.00I u : 3.00 u 
Calcium 1ug/l) 17100.00i 34300.001 32800.001 21 400.001 19800.001 .,... 
Chromium (ug/1) 11 .901 u 2.00I u ! 6.00I u , 2.00! u 6.00I u 
Cobalt (ug/1) 2.00! u 2.00I u I 8.00I u ' 2.00I u 8.00I u ' Copper 1ug/l) ; 2.00I UJ , 2.00I u I 5.00I U I 2.00I U i 5.00I u 

C Iron (ug/1) 93.901 u 17.201 u I 224.001 J : 16.30i U : 148.00I J 
Magnesium (ug/1) 3750.001 B 7190.001 

I 

' 7000.00I 4660.001 B I 4390.001 B 
Manganese (ug/1) ' 9.501 B 1.901 u l I 7.801 B l 2.40! U l 10.601 B 
Nickel (ug/1) I 5.00I u 5.00 u l 9.00 U I s.ooi U I 9.00 u ' 
Potassium (ug/1) I 646.00I J 3810.001 B l 3890.00I B l 1440.ooi B l 1280.0CII B 
Silver (ug/1) i 5.00I UJ i 5.00I u l 4.00 u l s.ool u I 4.00 u 
Sodium (ug/1) I 1890.001 J 16000.00I J I 15900.00I J I 5600.00I J i 4340.ooi J 
Vanadium (ug/1) ! 2.00I u 7.3a u l 5.901 B i 3.501 u I s.OOi u 
Zinc (ug/1) 6.00I B 5.00I u I 10.60I B i 5.00I U 1 12.00I B 

! i ! : 
TOC (mg/I) 1.61 I 0.501 u : 1.91 
COD (mg/I) 71 1 I <60I i 711 I 

Ammonia (mg/I) <0.51 UJ I ' I <0.51 UJ I i i <0.51 UJ 
i ! : I ; I I : ! 

Fluoride (mg/I) i 0.381 J ' I I 0.221 J i i 0.131 J 
Chloride (mg/I) i 0.901 J ' : I 6.091 J i I ! 1.621 J 
Nitrite (mg/I) I < .OSI UJ : ' I <0.0SI UJ I I I < 0.051 UJ 
Nitrate (mg/I) ! <O. 1i UJ I I 1.581 J ' ' 0.561 J I 

Sulfate (mg/I) i 8.841 J I I 26.471 J ' I 11.62i J 
Phosphate (mg/I) ' <0.11 UJ I : I <0.1 1 UJ I ! <0.1i UJ 

' I I I 
' I I I 

Elec. Cond. (umho/cm) 96.91 J I 243.11 J ' 125.41 J 
pH 7.791 i 7.931 8.251 
TDS (mg/I) 931 I 206! I 1091 I 
Turbidity (mg/I) 0.381 2.11 3.41 
Alkalinity (mg/I) 49.41 J I 110.21 J i 62.71 J 
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Site Identification HAN 
Sam01e Source spring 
Discharge riveriscring \cfsll 3.30E-02i 
Coorainates E /ml 5850591 
CoorainatH N Im) 1407771 
River Mile (nearest 0.1 mi.) 1 24.71 
Date 10/2/911 
nme Interval , 15:10 • 15:20 I 

OSM Sample No. BO15C&-f I 

Quality Control Samele Qup. 8015C4I 

! 

Aluminum (ug/1) I 17.001 

Antimony (ug/1) 14.001 
Barium {ug/1) 30.701 

Berylium {ug/1) 1.001 

Cadmium (ug/1) 1,00I 

Calcium (ug/1) 33600.001 

Chromium lug/I) 2.00I 

Cobalt (ug/1) 2.00I 

Copper (ug/1) 2.001 
Iron (ug/1) ' 7.001 

Magnesium (ug/1) 7070.001 

Manganese (ug/1) 1.9Q 

Niclcel {ug/1) ! 5.00 

Potassium (ug/1) : 3740.00I 

Silver (ug/1) 5.ool 

Sodium (ug/1) I 
15700.00I I 

Vanadium (ug/1) I 6.40 
Zinc 1ug/l) 5.001 

TOC (mg/I) 

COD (mg/I) 

Ammonia (mg/I) ! 
I : 

Fluoride (mg/I) I i 
Chloride (mg/I) I 
Nitrite (mg/I) I I 

Nitrate (mg/I) ' I 
Sulfate (mg/I) i 
Phospnate {mg/I) i 

l 

Elec. Cond. (umho/cm) ' 
pH 

TOS (mg/I) 

Turbio1ty (mg/ I) 

Alkalinitv (mg/I) 

a I 

I 
u l 

u l 

J I 

U I 

u : 

U ; 

U I 

U I 

U I 
I 
! 

u l 

U I 

B l 

u 

J 

u l 

u ; 
I 
I 

I 

I 
I 

i 

! 
I 

i 

I 

DOE/Rl-92-12 

HAN HAN 
soring i river ! 

3.30E-021 9.51E+041 

5850591 5850591 
1407771 1407771 

24.71 24.71 

10/2/911 10/2/911 
15:10 • 15:20 I 15:35 • 16:00 I 

B015C8 i a I BO15C7-f I 
Duo. 8015C4I Dup.8015C51 

I 
11 1.00 I a I 35.7C 

47.00 ! u I 16.CX 

33.10 ' 3 I 29.1oi 

'. 00 u I 1.ooi 

3.00 u I 1.ooi 

32900.00 I 20400.00 

'5.00 u l 2.001 

a.oo u I 2.oq 

5.00 ! u I 2.ooi 

I 75.90 ' 157.00 J I 

7040.00 I 4510.00 i 

5.40 ! B I 2.10 

9.00 u I 5.00 

3810.00 8 I 1270.00 

4.00 u I 5.00 

15700.00 J I 4800.0C 

5.00 
I u I 2.30i I 

:0.90 i 8 I 6. ,oi 
I I 

0.641 I 

951 I 
<0.51 UJ I 

I 

0.22! J 

6.081 J 

< O.Ol5! UJ i 

1.571 J 

26.541 J 

<O. 11 UJ I 

243.1I j ' I 
7.911 I 
2121 

2.51 i 
110,21 j I 

I 
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HAN HAN 
' river I scnng ' ! 

9.51E+041 -UOE-031 

5850591 5857291 
1407771 140070I 

24.71 : 25.21 

10/2/911 i 0/2/911 

: 15:35 • 16:00 I ' 9:25 • 11 :37 I 

a I BO15C7 a I B015C2-f I a 
' Dup. 8015CSi I I 
I I I I 

u l 137.001 B i 17.001 u 

u l 47.001 u I 14.00I u 

J I 27.701 B I 30.701 J 

U I 1.001 u I 1.001 u 

U I 3.001 u I 1.00I u 

18000.001 19700.001 

U I 6.001 u I 2.001 u 

U ! 8.001 u I 2.001 u 

u i 5.001 u I 2.ooi u 
B l 192.ool J I 7.001 u 
B l 4020.00I B ! 4750.00I B 

u l 12.101 B I 1.00 u 

u 9.ooi u I 5.00 u 
B 1070.00I B I 940.00 B 

u 4.ool u I 5.00 u 

J 3260.00I J I 2700.ool J 

U I 5.ooi u I 2.ooi u 
B l 10.601 B I 5.ooi u 

I I I 

! 2.0! I 

! 711 I 

<0.51 UJ I I 
I I 

0.121 J I i 

1.311 J I I 
i <0.051 UJ I 

o.sa J I i 
10.441 J I 
<0.11 UJ I I 

I I I 
106.71 j I i 
8.421 ! 

941 i 

I 2.91 I 
' 58.9! I j ' 
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Site Identification HAN HAN HAN 
Sample Source ' spring river I river I 

I 
Discharge river /spring (cfs )I 4.70E-031 9.51E+~ 9.51E+~ 
Coordinates E (m) 5857291 5857291 5857291 
Coordinates N (m) . 1400701 1400701 140070! 
River Mile (nearest 0.1 mi.) I 25.21 25.21 25.21 
Date i 10/2/911 10/2/911 10/2/91 
Time Interval I 9:25• 11:37 1 , 12:09 • 12:31 I . 12:09 • 12:31 I 
OSM Sample No. I B015C2 I a I B01SC3-f I Q I B01SC3 a 
Quality Control Sample : I I : i 

I I 
Aluminum (ug/I) 92.30! B I 17.00! U I 42.9q B 

Antimony (ug/1) ! 47.00I u I 14.401 U I 47.00 u 
Barium (ug/I) ! 27.701 B I 26.50! J i 27.701 B 

Bery1ium (ug/I) I 1.00! u I 1.00! U I 1.00I u 
Cadmium (ug/I) 3.00! u I 1.001 U I 3.001 u 
Calcium (ug/I) 19200.00! 16800.oot 17000.001 
Chromium (ug/I) ' 6.00! u I 2.00! U I 6.~ u 
Cobalt (ug/I) i 8.001 u I 2.00! U I 8.00I u 

N Copper (ug/1) I 5.00 u I 2.00 u l 5.00 u 
Iron (ug/1) I 96.101 J I 7.00I u l 84.40! J 
Magnesium (ug/1) 4670.00! B I 3710.00! B 3820.0C)! B 
Manganese (ug/1) 4.SQ B I 1.sa u 6.50 B 
Nickel (ug/I) 9.00 u I 5.00I u 9.00 u 
Potassium (ug/I) 1070.00! B I 587.00! B 728.00 8 
Silver (ug/1) 4.00 u I 5.00 u 4.00 u 
Sodium (ug/1) 2670.00! J I 1640.00 J 1820.00 J 
Vanadium (ug/I) 5.od u I 2.00 u l 5.00 u 
Zinc (ug/1) i 7.00I u I 5.00! u I 11.20 B 

I ! I I 
TOC (mg/I) 0.941 I 1 .61 
COO (mg/I) I 791 I <sot 
Ammonia (mg/I) i <0.51 UJ I I I <0,51 UJ 

I I 

! ; I I 
Fluoride (mg/I) I 0.121 J i o.12l J 
Olloride (mg/I) 1.171 J I ! 0.83 J 
Nitrite (mg/I) <0.051 UJ i i I <0.05 UJ 
Nitrate (mg/I) -· 0.681 J I i <0.1 UJ 
Sulfate (mg/I) 10.531 J i ! 8.76 J 
Phosphate (mg/I) <0.11 UJ I i <.0.11 UJ 

I I I 
I 

Bee. Cond. (umho/cm) i 119.81 J i I 101.81 J 
pH 7.361 ' I '. I 8.161 
TDS (mg/I) I 3491 ' I 68! 
Turbidity (mg/ I) 0.761 I 1 .21 
Alkalinity (mg/ I) i 60.81 J I 52.31 J 
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APPENDIX D 

RADIOLOGICAL ANALYSES OF WATER SAMPLES 

Validation of the chemical portion of the analysis has been completed 
with no significant impact on data quality noted. Validation of the 
radiological data contained in this report has yet to be completed. 
Additional information was needed from the analytical laboratories in order to 
complete the validation process in accordance with approved Westinghouse 
Hanford procedures. 

Receipt of the needed information is expected February 29 , 1992 . The 
validation process will take an additional 2 weeks to complete. No 
significant changes or impacts on data quality are anticipated at this time . 
Once the validation is completed the analytical data tables will be rev i sed as 
necessary . 

0- 1 
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Site Identification: 

Sample Type : 

Discharge river/spring 

Coordinates E (m) 
Coordinates N (m): 

DOE/Rl-92-12 

EXPLANATION OF TERMS 

This identifier denotes the specific reactor area or 
general region of the sampling location. 

Identifies the source of the sample, either spring or 
river 

(ft3/s): Identifies the average discharge of the 
Columbia River for the day of sampling or the 
estimated discharge of the individual syring at the 
time of sampling. Discharges ar~ in ft /s. 

Identifies the location of the sample location 
according to the NAD 1983 Washington State South Zone 
Coordinates in Meters . 

River Mile (nearest 0.1 mi.): Identifies the approximate Hanford River Mile. 

Date: 

Time Interval: 

0SM Sample No.: 

2 0 

pCi/l 

N/A 

Hanford River Mile 0.0 is at the Vernita Bridge. 
Measurements are scaled from the 1:2000 maps of the 
Hanford Site. 

Day on which the specific sample was collected. 

The sampling interval, starting with the initiation of 
presampling measurements for the springs. For river 
samples, the interval denotes the actual time during 
which the sample was collected. 

The sample tracking number assigned to a specific set 
of samples. Each spring/sediment sample had a single 
number; the adjacent river sample was assigned a 
separate number . All numbers were supplied by 
Westinghouse Hanford OSM . 

Calculated value of plus or minus two standard 
deviations for the radiological analysis. 

Pico Curie per Liter. 

Data not available from laboratory . 
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Site Identification 

Sample Type 

Discharge river/spring (cfs 

Coordinates E (m) 

Coordinates N (m) 

River Mile (nearest 0.1 ml.) 

Date 

Time Interval 

OSM Sample No. 

Quality Control Sample 

Concentration in pCi/L 

Gross Alpha 

Gross Beta 

H(J) 

Sr(90) 

Tc(99) 

Total Uranium 

Gamma Scan 

K(40) 

Cr(51) 

Co{60) 

Zn(65) 

Cs(134) 

Cs(137) 

Aa(226) 

Th(228) 

Th(232) 

Sb {125) 

100B 

spring 

5.90E-04 

564540 

145275 

3.7 

9/18/91 

9:45- 11 :4f 

B01579 

2a 

0 1 

f 1 

1300( 70( 

<OA 

N/f. 

2n 2f 

<134.1 

<312.C 

< 18.63 

<23.aa 

< 12.61 

< 11 .7( 

<23.35 

<20.4, 

<47.24 

N/f. 

. J 
, 

100B 100B 

river spring 

9.35E+~ 3.30E-03 

56494( 564675 

14535( 145275 

3.7 3.a 

9/18/91 9/17/91 

10:48- 11:45 13:25 • 16: 15 

B01580 801578 

20' 

1 1 2 

7 • 15 

300 20( 2060( 

0.6 DA 0.9f 

N/A N/f. 
0.4 o.~ 1.f 

<288.~ < 146.9 

<346.5 <259.a 

< 17.6E < 16.24 

<30.3f <25.7t 

< 16.24 < 10.97 

< 15.25 < 10.1f 

<30.46 <35.5-4 

<22.51 < 17.51! 

<61 .35 <48.71 

N/A N/f. 

2 

100K 100K 

spring river 

2.90E-04 9.30E+04 

567585 567585 

146210 146210 

5.6 5.f 

9/25/91 9/25/91 

7:25 • 9:0f 9: 15 • 9:5( 

B01589 801590 

2a 20' 

< 0 2 0 

2 11 2 1 

90C 14()( 30C <30C 

0.29 <1 0.• 
N/f. N/f. 

0.2 1 0.1 0.39 

< 138.3 <257.7 

<381 .7 <387.9 

< 16.4~ < 15.74 

<28.73 <36.27 

< 12.3~ < 15.93 

< 10.aa < 12.91 

<26.12 <23.49 

< 19.67 <21 .oa 

<44.6€ <65.51 

N/f. N/f. 

100K 

spring 

1.BOE-0, 

56968C 

14807C 

7.4 

10/16/91 

12:30 • 13:30 

801502 

20' 

1 1 

2 1a 

400 

0.2 a.a 

5.2 

o.~ 0.24 

<247.f 

<498.4 

< 15.2~ 

<38.4f 

< 15.?f 

< 14.51 

<28.44 

<22.27 

<94.SE 

N/f. 

20' 

1 

1 

100 

0.6 

1.6 

o.o. 

c:, 
0 
rrl -:::0 
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Site ldentlflcaUon 

Sample Type 

Discharge river/spring (cfs 

Coordinates E (m) 

Coordinates N (m) 

River Mile (nearest 0.1 ml.) 

Date 

Time Interval 

OSM Sample No. 

Quality Control Sample 

Concentration in pCi/L 

Gross Alpha 

Gross Beta 

H(3) 

Sr(90) 

Tc(99) 

Total Uranium 

Gamma Scan 

K(40) 

Cr(51) 

Co(60) 

Zn(65) 

Cs(134) 

Cs(137) 

Ra(226) 

Th(228) 

Th(232) 

Sb (125) 

100K 

river 

7.62E+O<I 

56968( 

14807C 

7.4 

10/16/91 

12:40 • 13:2f 

8015D3 

C 

• 
<20C 

0.7 

2 

0.29 

<128.8 

<435.9 

< 17.94 

<30.79 

< 11 .55 

< 11 .5• 
<29.61 

<20.SC 

<54.78 

N/A 

100K 100K 

spring river 

2.20E-m 9.08E+04 

570415 57041~ 

14878C 14878( 

8.1 8.1 

10/18/91 10/18/91 

14:10 - 16:05 15:25 • 15:55 

B015F2 B015F3 

2a 2a 

1 1 1 :; 

1 • 1 1 

890C 50( <200 

0.2 <0.5 <0.E 

1 <2 <~ 

0.03 1.1 0.1 0.45 

<307.0 < 101 .C 

<4TT.1 <315.7 

<14.10 < 15.51 

<37.28 < 19.9!: 

< 14.33 <9.09~ 

< 14.44 <8.608 

<25.13 < 17.10 

<20.80 <14.88 

<58.27 <40.49 

N/A N/A 

, 
•) 

100N UMIN 

spring river 

2.90E-01 8.16E+04 

571300 57130( 

14992( 14992( 

9.( 9.( 

10/15/91 10/15/91 

11:00-12:3C 11:10-12:00 

B015C8 B015C9 

2a 2a 

1 0 3 C 

1 683( 22 E 

1590C 800 30C 

321C 7( 8.1 

2.5 2 .• <2.4 

0.0<I 0 .32 o.m 0.32 

<142.0C <249.ll 

<415.ll <495.5 

<17.91l 44.73 + / · 17.82 

<26.01 <41.25 

< 12.Sf < 15. 1e 

< 11.75 <13.8. 

<25.H <28.2• 
<20.3, <206• 
<47.7< <61 .45 

N//. N//. 

100N 

spring 

5.90E-01 

571465 

15015C 

9.1 

10/15/91 

14:02 • 15:01 

8015D0 

2a 

1 1 

1 5 

10C 340( 

1 .• 395 

3.6 

0.03 0.2• 

< 129.1 

<467.3 

<23.32 

<21 .85 

<16.01 

< 12.2~ 

<39.45 

<20.75 

<66.~ 

31 .01 

2a 

1 

1 

20C 

1:; 

1.3 

0.02 

24.86 

c::, 
0 ,..., -::-::, ,-
1 
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Site ldentlflcaUon 

Sample Type 

Discharge river/spring (cfs 

Coordinates E (m) 

Coordinates N (m) 

River Mile (nearest 0.1 ml.) 

Date 

Time Interval 

OSM Sample No. 

Quality Control Sample 

Concentration in pCi/l 

Gross Alpha 

Gross Beta 

H(3) 

Sr(90) 

Tc(99) 

Total Uranium 

Gamma Scan 

K(40) 

Cr(51) 

Co(60) 

Zn(65) 

Cs(134) 

Cs(137) 

Aa(226) 

Th(228) 

Th(232) 

Sb (125) 

100N 

river 

8.16E+04 

57146~ 

15015C 

9.1 

10/15/91 

14: 15 - 14:42 

801501 

217 

C 1 

2 1 

200 10C 

3 1 

3.9 1.f 

0.29 0.00 

<232.4 

<546.3 

< 19.47 

<32.69 

< 14.86 

< 15.0E 

<32.49 

<22.12 

<63.31 

N//J 

,. 

100N 100N 

spring river 

2.20E-O, 9.08E+04 

57148( 57148( 

15017( 15017( 

9.2 9.2 

10/18/91 10/18/91 

12:12- 13:28 12:37 - 12:50 

8015F0 8015F1 

217 

1 1 C 

7 1 1 

2430C 1200 <20C 

<0.3 <0A 

3.6 1.f <3 

0 .41 0.04 0.3 

<219.8 <121.2 

<434.1 <490.6 · 

< 13.19 < 16.21 

<26.37 <33.98 

< 12.23 < 13.84 

< 12.26 < 11 .68 

<21 .62 <24.47 

< 17.56 <20.43 

<49.67 <51 .37 

N//J N//J 

; /. 7 

100N 100N 

spring river 

4.50E-0.3 9.08E+04 

57150( 571500 

15018~ 15018!: 

9.2 9 .• 

10/18/91 10/18/91 

10:30 - 11 :30 10:41- 11:05 

801508 801509 

2" 217 

1 1 1 0 

1 E • .! 

2390C 120C 800 

<0.2 0.4 

6.2 3 <~ 

0.03 0.36 0.03 0 .2E 

<252.S 111.7 

<502.1 <369.4 

<20.49 < 15.1S 

<33.01 <21 .67 

< 16.42 < 10.2. 

< 14.95 <9.38E 

<29.22 < 19.74 

<21 .31 <16.9( 

<63.85 <35.SE 

N//J N//. 

100N 

spring 

2.20E-02 

57168C 

15046~ 

9.4 

10/17/91 

10:05 • 11 :4~ 

801504 

217 

1 1 

1 5 

100 20300 

0 .2 <1 

5 

0.00 0 .274 

102.1 <278.5 

<476.1 

< 14.58 

<31 .09 

< 16.38 

< 12.67 

<25.04 

<21 .3~ 

<58.11 

N/A 

2<T 

1 

1 

100C 

3 

0 .024 

CJ 
0 
ITI -:::0 ,-
1 

'° N 
I -N 



0 
I 

0\ 

Site ldenutlcatlon 

Sample Type 

Discharge river/ spring (cfs 

Coordinates E (m) 

Coordinates N (m) 

River Mile (nearest 0. 1 mi.) 

Date 

Time Interval 

OSM Sample No. 

Quality Control Sample 

Concentration in pCi/L 

Gross Alpha 

Gross Beta 

H(3) 

Sr(90) 

Tc(99) 

Total Uranium 

Gamma Scan 

K(40) 

Cr(51) 

Co(60) 

Zn(65) 

Cs(134) 

Cs(137) 

Ra(226) 

Th(228) 

Th(232) 

Sb (125) 

100N 

river 

1.16E + 05 

571680 

150465 

9 .~ 

10/17/91 

10:30 • 11 :2. 

B015D5 

2<7 

C 1 

2 1 

<200 

90 8( 

1.7 u 
0.28:: 0 .02~ 

< 174.7 

<472.4 

< 18.4€ 

<22.7f 

< 15.92 

< 11 .9( 

22.~ 21 .93 

< 20.2( 

<SO.BC 

N/f. 

·1 , 
j ) 

1000 1000 

river spring 

9.48E+04 2.90E-04 

573597 571597 

15247( 152470 

11.C 11 .0 

9/26/91 9/26/91 

10:55 - 11 :1! 9:25 · 10:5! 

B01594 801593 

2<T 

( 1 0 

3 1 g 

<20C 310C 

<1 u 
<1 H 

0.33 o.~ 1 

<119 < 146.E 

<614.2 <411 .7 

< 16.4• < 19.31 

< 23.62 <30.3B 

< 14.11 <14.2C 

< 12.91 <13.~ 

<30.25 <27.4€ 

<20.06 < 18.93 

<58.95 <53.53 

N/1< N/ /. 

2 
, 

"J 

100H 

spring 

1.20E-03 

5noao 

153TTO 

14.3 

9/20/91 

9:15 - 11 :17 

801581 

2<T 2<7 

1 1 1 

1 3 1 

400 290( 400 

1 o.~ o .• 
1.1 <f 

0.1 1 0 .1 

< 128.9 

<275.9 

<8.432 

< 17.01 

< 7.97 

< 7.522 

< 14.00 

< 11 .63 

<32.6< 

N//. 

100H 

river 

8.24E+O<I 

5noac 

153TTC 

14.3 

9/20/91 

10:30 - 11:17 

B01582 

2<T 

0 1 

1 1 

30C 20C 

<0.1 

<3 

0.37 0.O<I 

<235.E 

<608.C 

< 13.39 

<31 .97 

< 13.4E 

< 13.84 

<23.7( 

<21 .0C 

56.31 

N/ /. 

100H 

spring 

OI 

5TT25~ 

15366( 

14.4 

9/20/91 

11 :48 • 13:40 

801587 

C 

C 

290( 

o.e 
< 1 

1.0 

< 152.1 

<581.9 

<21 .89 

<37.~ 

<12.29 

< 13. lE 

<27.17 

<20.83 

<48.6( 

N//. 

2<T 

2 

• 
4(X 

o .• 

0.1 

20.17 

0 
0 
l'T1 -:::ic 

' I 
'° N 
I -N 
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Site Identification 

Sample Type 

Discharge river/spring (cfs 

Coordinates E (m) 

Coordinates N (m) 

River Mile (nearest 0.1 ml.) 

Date 

Time Interval 

OSM Sample No. 

Quality Control Sample 

Concentration in pCi/L 

Gross Alpha 

Gross Beta 

H(3) 

Sr(90) 

Tc(99) 

Total Uranium 

Gamma Scan 

K(40) 

Cr(51) 

Co(60) 

Zn(65) 

Cs(134} 

Cs(137} 

Aa(226) 

Th{228) 

Th(232) 

Sb (125) 

100H 

river 

8.24E+04 

5n25~ 

15366( 

14.4 

9/20/91 

12:55- 13:20 

B01588 

1 

C 

400 

0.4 

2 

0.36 

<239.9 

<660.1 

< 15.11 

<35.n 

< 15.13 

< 14.00 

<26.27 

<21 .28 

<60.6C 

N/A 

100H 100H 

spring river 

1.SOE-03 9.09E+04 

5n33C 5n33C 

1536Hi 153615 

14.!i 14.!i 

9/25/91 9/25/91 

11 :22-13:()( 13:00 • 13:25 

B01591 B01592 

2a 2a 

1 1 :. C 

1 3 1 2 

200 3800 soc <300 

0.3 ~ 2 <1 

1 < 3 2 

0.03 278 2f 0.53 

<67.62 <226.6 

<210.9 <339.7 

< 10.19 < 15.14 

< 15.42 <30.30 

<6.664 < 14.25 

<6.289 <13.61 

< 12.79 25.82 

12.46 10.87 <20.35 

< 27.6-4 <57.1• 
N/A N/P 

2 

100H 100H 

spring river 

3.00E-04 9.48E+04 

5n88!: 5n885 

15316( 153160 

14.6 1H 

9/26/91 9/26/91 

12:05 • 13:3~ 14:00 • 14:3( 

801595 B01596 

2a 2u 

1 0 1 0 

1 ~ 1 2 

11()( 30C <20C 

<1 <• 

1 <• 3.~ 

0.05 o.e 0.1 o.~ 

268.~ < 138.f 

<640.7 <635.6 

< 16.6< < 19.56 

<30.2C <31 .H 

< 17.4C < 12.81 

< 15.47 < 11 .76 

22.2S <26.SC <25.02 

<34.7~ <18.84 

<56.4~ <53.84 

N/A N/A 

100H 

spring 

4.70E-03 

5782~ 

152660 

15.3 

10/21/91 

11 :35 - 13:1( 

80151>6 

2a 

1 1 

1 35 

400 

12.7 

u 12 

o.~ 0.66 

< 197.8 

<385.8 

< 12.57 

<28.26 

< 12.28 

<10.~ 

< 19.15 

< 16.06 

<46.72 

N/A 

2a 

1 

3 

10( 

H 

2 

0.06 

C 
0 ,.., -:;:o 
r-
1 

'° N 
I ..... 

N 

_J 
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Site Identification 

Sample Type 

Discharge river / spring (cfs 

Coordinates E (m) 

Coordinates N (m) 

River Mile (nearest 0 .1 mi.) 

Date 

Time Interval 

OSM Sample No. 

Quality Control Sample 

Concentration in pCi/L 

Gross Alpha 

Gross Beta 

H(3) 

Sr(90) 

Tc(99) 

Total Uranium 

Gamma Scan 

K(40) 

Cr(51) 

Co(60) 

Zn(65) 

Cs(134) 

Cs(137) 

Ra(226) 

Th(228) 

Th(232) 

Sb (125) 

100H 

river 

8.75E+04 

57823< 

15266( 

15.3 

10/21/91 

12:38 • 13: 10 

801507 

C 

2 

< 200 

0 .7 

2.6 

o.~ 

<157.1 

<152.1 

< 10.8S 

<20.03 

<8.774 

<8.863 

<17.17 

< 13.46 

<38.n 

N/1' 

100F 

spring 

2.JOE-03 

580820 

14827f 

18., 

9/27/91 

10:40 • 12:01 

801599 

2a 2a 

1 1 1 

1 ~ ~ 

<40C 

0.2 4t 25 

1.4 N/1' 
0.03 2.f 0 .2 

<200.1 

<513.9 

< 13.74 

<28.92 

< 12.01 

< 11 .74 

<20.45 

< 18.52 

< 49.36 

N/A 

, •) ) 

100F 100F 

river spring 

8.55E+04 1.20E-O.'.: 

580820 58123( 

148275 14794( 

18.7 19.C 

9/27/91 9/27/91 

12:20 • 12:37 8:00 • 9:3E 

801580 801597 

2a 2a 

1 1 0 1 

1 1 f 1 

<200 <20C 

<1 2.E o.~ 

N/1' N/1' 
0.37 o.~ 0 .31 0 .03 

< 147.E <240.S 

<646.7 <723.2 

< 19.0S < 15.18 

<24.23 <30.3C 

< 11 .92 < 14.95 

< 10.85 < 15.35 

<22.73 <27.2t 

<24.~ <21.22 

<51 .7~ <63.9( 

N/1' N/1' 

100F 

river 

8.55E+04 

58123C 

14794C 

19.C 

9/27/91 

9:50- 10:10 

801598 

2a 

( 1 

1 1 

<20C 

<2 

N/1' 
0.32 0.03 

< 131 .3 

<628.• 
< 14.61 

<28.5C 

< 13.4€ 

< 10.92 

<21 .3~ 

< 18.2:e 

<45.93 

N/1' 

100F 

spring 

2.20E-02 

582621 

145597 

20.a 

9/30/91 

9:10 - 11:H 

8015CO 

N/1< 

N/ 1< 
N/1< 

N/1< 

N/ 1< 
N/1< 

N/A 

N/A 
N/A 

N/A 

N/A 

N/1< 

N/1< 

N/1< 

N/1' 
N/1' 

2C7 

CJ 
0 
f'T1 -;;ic 
r-
1 

'° N 
I -N 
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Site ldenUflcaUon 

Sample Type 

Discharge river /spring (cfs) 

Coordinates E (m) 

Coordinates N (m) 

River Mile (nearest 0.1 mi.) 

Date 

Time Interval 

OSM Sample No. 

Quality Control Sample 

Concentration in pCi/L 

Gross Alpha 

Gross Beta 

H(3} 

Sr(90) 

Tc(99) 

Total Uranium 

Gamma Scan 

K(40} 

Cr(51} 

Co(60} 

Zn(65} 

Cs(134} 

Cs(137} 

Ra(226} 

Th(228} 

Th(232} 

Sb (125) 

100F 

river 

8.57E+°'1 

582621 

145597 

20.S 

9/30/91 

11 :50 - 12:20 

B015C1 

2a 

N//. 

N/A 

N//. 

N//. 

N//. 

N//. 

N//. 

N//. 

N//. 

N//. 

N//. 

N//. 

N//. 

N/A 

N/A 

N/A 

1 ? . f 

100F 100F 

spring river 

nr 7.11E+°'1 

582864 582~ 

14513( 14513( 

21 .f 21.f 

9/29/91 9/29/91 

8:35 • 10: 17 11 :30 • 12:02 

8015B5 8015B6 

Za 

1 1 C 

~ 1 1 

<20C <30C 

<1 <1 

N//. N//. 

2.2 0.2 O.•f 

<196.3 < 115.f 

<519.7 <61.U 

< 12.64 < 19.•!l 

<26.41 <28.0~ 

< 13.6S <12.1~ 

< 12.47 < 11 .3~ 

<20.37 <23.7, 

< 16.93 <20.6~ 

<48.6~ <51 .25 

N//. N/A 

7 

100F 

spring 

1.BOE-03 

582~ 

14513C 

21 .6 

9/29/91 

10:20 - 11 :10 

8015B7 

Dup. B015B5 

2a 2a 

1 2 2 

1 5 1 

<20C 

<1 

N//. 

0.04 2.4 0., 

<238.!l 

<682.1 

< 14.6~ 

<32.64 

< 16.57 

< 13.97 

<26.01 

<21 .33 

<61 .38 

N/A 

100F 

river 

7.11E+°'1 

582~ 

14513C 

21 .6 

9/29/91 

12: 11 • 12:42 

B015B9 

Dup. 8015B6 

2a 

N//. 

N/A 

N/A 

N//. 

N//. 

N//. 

N//. 

N//. 

N//. 

N//. 

N//. 

N//. 

N//. 

N/A 

N/A 

N/A 

100F 

spring 

2.30E-03 

582962 

144813 

2U 

9/28/91 

10:56- 12:1( 

B015B3 

1 

' 
<30C 

4C 

N//. 

1.!l 

<269. 1 

<731 .2 

< 17.16 

<31 .6C 

< 17.2!l 

<1•.n 
<25.7S 

<22.7!l 

<63.1~ 

N//. 

Za 

• , 

3C 

0.2 

c:::, 
0 
f'T'I -:::0 
r-
1 

\D 
N 
I .... 

N 
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Site Identification 

Sample Type 

Discharge river /spring (cfs) 

Coordinates E (m) 

Coordinates N (m) 

River Mile (nearest 0.1 mi.) 

Date 

Time Interval 

OSM Sample No. 

Quality Control Sample 

Concentration in pCi/l 

Gross Alpha 

Gross Beta 

H(3) 

Sr(90) 

Tc(99) 

Total Uranium 

Gamma Scan 

K(40) 

Cr(51) 

Co(60) 

Zn(65) 

Cs(134) 

Cs(137) 

Ra(226) 

Th(228) 

Th(232) 

Sb (125) 

100F 

river 

7.00E+0-4 

582962 

144813 

21.8 

9/28/91 

12:37 • 12:Sl: 

8015B4 

2 

1 

<20C 

<1 

N/A 
0.31 

< 118.7 

<558.4 

< 17.85 

<23.37 

< 12.48 

< 10.71 

<20.59 

< 19.61 

<44.70 

N/A 

, 

100F 

spring 

ni 

58313< 

144317 

22.1 

9/28/91 

8:30 • 10:0I: 

8015B1 

2<7 2" 

1 2 2 

1 3 1 

<20C 

<1 

N/A 

0.03 u 0.1 

<249.~ 

<728.5 

<17.0S 

<35.6(: 

< 16.23 

<13.78 

<24.7C 

<21 .91l 

<60.57 

N/P. 

100F HAN 
river river 

7.00E+04 9.51E+0-4 

58313. 5849&: 

144317 1408~ 

22.1 24.f 

9/28/91 10/2/91 

10: 10 • 10:35 16:07 • 16:37 

8015B2 B015CS 

2" 2<7 

1 1 C 1 

1 1 4 1 

<20C <27C 

<4C <1 

N/A N/A 

0.37 0.04 0.49 0.05 

< 140.5 <91.41 

<591.5 <532.1 

<16.99 < 17.94 

<25.78 <26.99 

< 12.27 < 13.69 

< 12.51 < 14.13 

<25.83 35.71 25.5S 

<21 .14 < 20.34 

<47.81 <44.19 

N/A N/A 

I I 

HAN 
spring 

3.30E-02 

584986 

140838 

24.f 

10/2/91 

13:10 -15:0f 

B015C4 

2" 

0 1 

4 < 
<240 

<0.~ 

N//. 

1.6!; 0.1f 

<215.f 

<51H 

< 15.6( 

<32.51 

< 15.6f 

<14.~ 

<25.n 

<20.41 

<54.8< 

N//. 

HAN 
spring 

3.30E-02 

585059 

140m 

24.7 

10/2/91 

15: 10 • 15:2( 

B015C6 

Dup. B015C4 

1 

6 

<190 

< .04 

N/A 
1.61 

<268.2 

<543.5 

<16.66 

<38.87 

<15.29 

< 14.43 

<25.25 

<22.12 

<59.99 

N/A 

2<7 

1 

2 

0.15 

Cl 
0 
rr, -;;o 

' I 
'° N 

I ...... 
N 
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Site Identification 

Sample Type 

Discharge river /spring (cfs) 

Coordinates E (m) 

Coordinates N (m) 

River Mile (nearest 0. 1 ml.) 

Date 

Time Interval 

OSM Sample No. 

Quality Control Sample 

Concentration in pCi/l 

Gross Alpha 

Gross Beta 

H(3) 

Sr(90) 

Tc(99) 

Total Uranium 

Gamma Scan 

K(40) 

Cr(51) 

Co(60) 

Zn(65) 

Cs(134) 

Cs(137) 

Ra(226) 

Th(228) 

Th(232) 

Sb (125) 

HAN 
river 

9.51Et04 

585055 

140m 

24.7 

10/2/91 

15:35 • 16:00 

B015C7 

Dup.B015C5 

2.a 

1 1 

2 1 

<170 

0.4 0.2 

N//. 
0.6~ 0.07 

<212.~ 

<468.1 

< 12.69 

<28.65 

< 11 .91 

< 13.02 

<23.23 

< 18.20 

<49.00 

N/A 

HAN 
spring 

4.70E~ 

5857~ 

14007( 

25.< 

10/2/91 

9:25 • 11 :37 

B015C2 

2.a 

C 1 

3 1 

<260 

< .4 

N/A 
0.2f 0.0:1 

<207 .• 

<458.E 

< 14.00 

<28.30 

< 14.03 

< 13.26 

<25.16 

< 19.80 

< 51 .49 

N/A 

, 

HAN 
river 

9.51Et04 

5857~ 

14007( 

25 .• 

10/2/91 

12:09 • 12:31 

B015C3 

C 

• 
<17( 

<0. S 

N/A 
0.3 

< 111 .7 

<463.5 

<16.95 

<24.7.! 

< 11.52 

< 10.00 

<24.3!. 

< 19.24 

<51.00 

N/A 

2.a 

1 

1 

0.03 

) 2 

c::, 
0 
rr, -:,::, r-
1 

\D 
N 
I ..... 

N 
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APPENDIX E 

CHEMICAL AND RADIOLOGICAL ANALYSES OF SEDIMENTS. 

E-1 



-

Site Identification: 

Sample Type: 

Coordinates E (m) 
Coordinates N (m): 

River Mile (nearest 0.1 

Date: 

OSM Sample No . : 

Q (Qualifier): 

2a 

mg/kg 

pCi/g 

N/A 

DOE/RL-92-12 

EXPLANATION OF TERMS 

This identifier denotes the specific reactor area or 
general region of the sampling location . 

All samples are sediments 

Identifies the location of the sample location 
according to the NAO 1983 Washington State South Zone 
Coordinates in Meters . 

mi): Identifies the approximate Hanford River Mile. 
Hanford River Mile 0.0 is at the Vernita Bridge. 
Measurements are scaled from the 1:2000 maps of the 
Hanford Site. 

Day on which the specific sample was collected . 

The sample tracking number assigned to a specific set 
of samples. Each spring/sediment sample had a single 
number. All numbers were supplied by Westinghouse 
Hanford OSM. 

Qualifier codes were supplied through the data 
validation process: 
U - none detected; numerical value is sample 
quantitation limit 
J - estimated value (less than quatitation limit) 
B - analyte found in associated blank as well as in 
sample 
UJ - not detected; quantitation limit is est imated 
<bl ank> - positive 

Calculated value of plus or minus two standard 
deviations. 

milligram per kilogram 

Pico Curie per gram 

Data not available from analytical laboratory. 
Data qualifiers for radiological analyses are 
statistical evaluations of counting errors and are 
provided as plus or minus to standard deviations 
(sigma). 

E-2 



DOE/RL-92-12 

Site Identification 1008 1008 100K 100K 100K 
Coordinates E (m ) 56454C 5646751 567585 56968 570415 
Coordinates N (ml 14527 145275! 14621 14807 14878 

River Mile (nearest 0.1 m i 3.7 3.si 5. 7.4 8. 1 

Date 9/18/91 9/1 7/ 91 9/ 25/ 91 10/16/ 91 10118191 

OSM Samele No. 801579 a 801s1a I a B01589 a B015D2 a B015F2 a 
Quality Control Samele 

Aluminum (mg/kg) 6180 6060 603C 539C 5970 

Antimony (mg/kg) 22.2 UJ 14 UJ 11 .e UJ 11.9 UJ 9.2 UJ 

Barium (mg/kg) 61 . B 52.1 B 10~ J 59.5 79.5 

Berylium (mg/ kg) 0.4 u 0.28 u 0.36 B 0.25 u 0.2 u 
Cadmium (mg/ kg) 1. u 0.85 u 0.74 u 0.76 u 0.5 u 
Calcium lmq/ kg) 378 255~ 3500 J 3090 298 

Chromium (mg/ kg ) 52.1 J 51.71 J 29.3 J 39. 34.9i 

Cobalt lmg/ kg) 6. J 5.4 J 7.1 B 6.5 B 6.1 B 

Coooer tmci / kq) 18.~ 15. 19.1 17.5 J 17. J 
Iron (mqlkq) 1170C 11 50C 2150C J 1440C 1420C 

Magnesium (mg/ kg) 3530 342C 294C 331 341( 

Manganese (mg/ kg) 154 135 33 J 23 J 493 J 
Nickel (mg / kg) 12.1 B 12.5 13. 11 13 

Potassium (mg/kg) 1180 B 1050 B 707 B 57 B 697 B 

Silver (mg/kg) 1.9 u 1.1 u 0.9.!! u 1 u 0.78 u 
Sodium (mg/ kg) 1RB J 117 J 24~ J 15~ J 131 J 

Vanadium (mq/kq) 26.i 23. 37. 29.e 32.8 

Zinc (mq / kql 20,E 79. 280 J 17~ J 80. J 

ZIT ZIT Ztr Ztr Ztr 

Gross Aloha 4 4 11 4 9 5 5 5 

Gross Beta 15 3 2C 3 1 22 3 23 

Sr(90) 0. 0. 1 0.4 0. 0. 0.1 0.6 0.3 <0.6 

Tc (99) N/A NI A NIA N/A NIA 

Gamma Scan 
K(40) 13.91 0.6 13.0~ 0.5, 11 .44 0.4~ 14.18 0.5 14.58 0.51 

Cr (51) < 1.446 < 1.12S <86.09 <0.6844 <0.740S 

Mn (541 N/ A NI N/ 1< N/1< NI I< 
Co/60) < 0.03975 <0.02597 <0.0225:2 0.04224 0.021 0.0358 0.0272 

Zn(65) < 0.0932 < 0.06701 <0.0526 <0.06544 <0.0714S 

Sb/1241 N/. NIA NA1 N/1< N//J 
Cs(134) <0.0399 <0.02682 <0.0242€ <0.0294S <0.03418 

Cs(1371 0.1456 0.0291 0.03309 0.0141 0.147€ 0.0148 0.213.e 0.0285 0.187 0.028 

Ce (1411 NIA N/A N/A N/1< NI 

Eu/152) N/A N/A N/ 0.1255 0.0376 0.1004 0.0476 

Eu(1541 N/A NIA N/A N/ NIA 
Eu(1551 N/A NI~ N/A 0.04961 0.0481 0.07686 0.0474 

Ra(2261 o.n5s 0.0673 0.4461 0.0411 0.7274 0.0461 0.8171 0.0457 1.019 0.058 

Th(228) 1.02 0.04 o.n6~ 0.0313 0.7912 0.0274 0.9329 0.0287 1.516 0.035 

Th(2321 0.955 0.143 0.572 0.088 o.n 0.091 1.051 0.09 1.41 9 0.11 

U(235l N/A N/A N/A NIA NIA 
Rad1onuchdes are reported as pCi/g 
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Site Identification 100N 100N 100N 100N 100N 

Coordinates E (ml 571300 57146S 57148C 571MC 571680 

Coordinates N (m) 14992C 15015C 15017 150185 151'\4R.~ 

River Mile (nearest 0.1 mi 9.C 9.1 9., 9. 9.4 

Date 10/15/91 10/15/91 10/18/91 10/18/91 10/17 / 91 

OSM Samele No. B015C8 a B015O0 a B015FO a B015D8 a B015O4 a 
Quality Control Sample 

Aluminum (mg/kg) 480( 587C 691( 4A5{ 55QC 

Antimony (mg/kg) 6. J 2.9 UJ 10. UJ 10.9 UJ 1( UJ 

Barium (ma/kal 5-4. 57.1 111 81 .7 SU 

Bervlium /ma/kal 0.24 B 0.21 u o.~ u o.z: u 0.21 u 
Cadmium lma/kal 0.2~ u 0. B 0.7 u 0. B 0.64 u 
Calcium /mq/kq) 3160 271( 3.10( 36M 2910 

Chromium (mg/kal 10.:J J 13.4 J 14.5 9.1 10.~ 

Cobalt Ima/kg) 7.3 B 6. B 8.2 B 8. B 7. B 

Coooer (ma / kal 16. J 13.1 J 1 J 17.4 J 17. J 

Iron (ma/kal 1540( 14500 1830C 1640(' 1520C 

Maanesium (ma/kal 327 3110 396C 31~ 287( 

Manaanese /ma/kal 23 J 360 J 487 J 578 J 37E J 
Nickel (ma/ka) 9.1 1 16. 11 11 .• 

Potassium (mq/kq) 657 J SAi' J 811 B 551 B 671 B 

Silver (ma/kg) 1.1 u 1 u 0.Q.1 u 0.Q3 u 0.8!: u 
Sodium (mg/kg) 137 J 137 J 1411 J 19 J 15C J 
Vanadium lma/kal 35.2 31 .8 44.f 38,4 38.5 
Zinc (ma/kal n . 9 99. J 1~ J 14 J 

ZIT ZIT ZIT ZIT ZIT 

Gross Aloha ~ C 16 11 5 1 

Gross Beta 31 8 51 3 3{] - 1 2 1 2 ..; 

Sr 90) 20 4 24.5 2.3 < 0. <0.• < 0. 

Tc(991 N//, N/ NO N/f, N/f, 

Gamma Scan 
K(40) 1; 0.51 12.67 0.4 14.05 o.s: 12.61 0.4i 11.9< 0. : 

Cr 51) < 1.321 < 1.1"' <0.83?~ <0.7524 < 0.8781 
Mn 54) NN N/ NO N/ N /~ 
Co 60) 2.75i 0.07 4.97~ 0.09, 1.061 0.05 0.820 0.043< 1.38~ 0.05€ 

Zn 65) <0.1054 <0.1374 <0.07695 <0.08487 <0.0831i 
Sb 124) 1 .23.!! 0.08E 0.6447 0.073 NO 0.07515 0.0529 0.06Z 0.0571 

Cs 134) <0.0445 <0.05017 <0.n.1..~ <0.0337. <0.03501 
Cs 137) 0.103E 0.040, 0.147 0.0381 0.07691 0.0251 0.'.Yl91' 0.0263 0.156.:: 0.0298 

Ce 1411 N//, N/1 NO N/f, NO 
Eu 152) N/f, 0.114." 0.071 NO 0.?'.l.'t" 0.0374 o. 10: 0.0394 

Eu 154) N//, N/1- NO N/1- N//, 
Eu 155) N/f, NII- N/1- N/f, N/f< 
Ra 226) 0.796:' 0.56 0.749 0.071 0.9031 0.0534 0.910:: 0.0467 0.7013 0.0588 
Th 228) 0.8437 0.041 0.9:384 0.034f 1.22!5 0.037 0.844:: 0.0289 0.7534 0.0325 

Th(232) 0.7391 0.1696 0.AME 0.211~ 1.1 0.14 0.878 0.1255 0.735 0.1 321 
U(235) NI} NI 0.1M4 0.083< NI} NN 

E-4 
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Site Identification 100H 100H 100H 100H 100H 
Coordinates E (m) 57708C 57725 577330 577885 57823!' 
Coordinates N (m) 15377C 15366C 153615 153160 152660 
River Mile (nearest 0.1 mi 14.4 14.~ 14.6 15. 15.4 
Date 9/20/91 9/20/91 9/2S/91 9126/91 10121 /91 
OSM Samele No. B01581 a B01587 a B01591 a B01595 a B015D6 a 
Qualitv Control Samele 

Aluminum (ma/ka) 636( 541 91& 654C 570C 
Antimony (mo/ka) 12.4 J 1, J 1 UJ 12.7 UJ 11 . UJ 
Barium (ma/ka) 60.7 45.~ B 76. J 53.~ J 69.1 
Bervlium (ma/kal 0.2!' u 0.26 u 0.63 B o.~ B 0.24 u 
Cadmium (ma/ka) 0.7E u o.n u 1 u 0.81 u 0.7 u 
Calcium (mq/ka) 3660 566C 481( J 3690 J 3460 
Chromium (mq/kg) 19.7 107 45.6 J 23.9 J 47.:: J 
Cobalt (mg/kg) 8.4 B 7.3 B 8.4 B 6. B 8.1 B 

Coooer (mg/kg) 29.~ J 24.6 J 31.6 23.4 24.9 
Iron (malkal 1510C 17000 1820C J 13500 J 16400 J 
Maanesium (malka) 3QO( 328( 489( 3870 3680 
Manaanese (mg/kg) 29f 25.'. 457 J 180 J 2B!' 

Nickel (mg/kg) 9., B 11 .4 17.4 11 . 11. 
Potassium (mg/kg) 784 B 62f B 116C B 83 B 5fil B 
Silver (mg/kg) 1 u 1 u 1 .4 u 1. 1 u 0.91' u 
Sodium (mg/kg) 22:; B 21 B 311 J 256 J 1&.: J 
Vanadium (mg/kg) 28.5 26.1 40.a 28. 37. 
Zinc (mg/kg) 217 204 38,4 J 22f J 174 

2,q 2,q 2,q 2,q 2,q 

Gross Aloha 7 4 4 4 7 5 
Gross Beta 1a 3 22 2 13 < 2 < 16 

Sr(90l 0.3 0.2 0.2 0.1 <0.3 < 0.9 0.3 

Tc(99) 0.2 0.1 0.2 0.1 0.4 0. 1 <0., 0.2 0.0 

Gamma Scan 
K(40) 12.1a 0.4€ 13.3 0.4€ 13.65 0.48 15.17 0.63 12.28 0.4 

Cr(51) < 1.118 < 1.107 < 1.165 <1 .4~ <0.7025 
Mn/54) N//A N//A N/A NIA N//A 
Co(60l 0.177:l 0.0308 0.03679 0.016:: 0.1841 0.0304 0.04706 0.0~1 0.06885 0.0204 

Zn(65) <0.06644 <0.05917 <0.08423 <0.08791: <0.06566 

Sb(124\ N//A N//A N/A N/A NIA 
Cs(1341 <0.0275€ <0.027~ <0.04359 <0.0342 <0.03007 
Cs(137l 0.246 0.0282 0.1872 0.0167 0.520 0.0355 0.1693 0.032!. 0.167 0.029 

Ce(141) N//A N//A N/A Nit< N/f< 
Eu/152) N//A N/, 0.636 0.0491 N/f< 0.2118 0.0435 
Eu(154) N//A NI/A 0.0926!; 0.0643 N//A N/f< 
Eu(155) N/A N!) 0.0758!'! 0.048~ 0.0843 0.0577 0.05851 0.047 

Ra(226) 0.6557 0.042 0.761 0.0473 0.7688 0.0514 0.7426 0.0627 0.7838 0.005 

Th(2281 0.8222 0.030 1 .15f' 0.032 1.09 0.03 0.9273 0.035:! 1.15 0.03 

Th(2321 0.7827 0.09 1.07 0.1m 1.12:l 0.10 0.953:J 0.117~ 1.19€ 1.10€ 

U(235) N/A N/f. 0.08446 0.0723 N/ N//A 
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Site Identification 100F 100F 100F 100F 100F 
Coordinates E (m) 58082C 581230 582864 582864 58296, 

Coordinates N (ml 148275 147940 145130 14513C 14481~ 

River Mile (nearest 0. 1 mi 18. 19.a 21.6 21.E 21 .E 

Date 9/27/91 9/27/91 9/29/91 9129191 9/28191 

OSM Sample No. 801599 a B01597 a B015BS a 801587 a B01583 a 
Quality Control Samole Duo. B01585 

Aluminum {mqlkq) 5460 612( 692C 6790 663C 

Antimony {mq/kQ) 11 .2 UJ 11 .1 UJ 13. UJ 12. UJ 11.6 UJ 

Barium (mg/kg) 49. J 67.S J 65.5 J 66 J 53.4 J 

Berytium (mg/kg) 0.26 B 0.43 B 0.5.'.l B o: B 0.2!: u 
Cadmium {mq/kq) 0.7 u 0.71 u 0.87 u O.Bli u 0.74 u 
Calcium fmqlkq) 330( J 2770 J 4030 J 5320 J 4230 J 

Chromium lmalkal 1C J 20.7 J 20 J 17.4 J 17.1 J 

Cobalt /mq/kq) 6.1 B 5. B 7.1 B 6.9 B 8.2 B 

Coooer fmq/kal 20.1 16.4 21 20.9 19.8 

.. Iron (ma/kq) 1370C J 13100 J 16500 J 16100 J 1880( J 

Maqnesium {ma/kq) 364( 376C 4320 4080 437( 

Manaanese (ma/ka) 28:' J 23E J 21 J 201 J 276 J 

Nickel lma/kal 10 11 . 12. 12.2 14 

Potassium {ma/kal 641' B 55'1 B 951 B 9n B 847 B 

Silver (mg/kg) 0.96 u 0.94 u 1. u 1.1 u 0.99 u 
Sodium (mg/kg) 18EI J 137 J 22!: J 247 J 232 J 

Vanadium lma/kal 31 30. 33.S 32.4 46.7 

Zinc (ma/kq) 10!; J 58.9 J ~ J 2~ J 160 J 

2a 2a 2a 2a 2a 

Gross Aloha . 5 2 4 4 1 

Gross Beta 2C .; 20 2 23 3 2 3 2 .; 

Sr 90) <1 2(1 1C <40 <0.1 <0.4 

Tc 99) N//. Nlf, N/f, N/f, Nlf, 
Gamma Scan 
K(40) 13.85 0.46 12.61 0.52 14.63 0.5€ 15.6 0.6 13.4 0.53 

Cr/511 <0.977 < 1.267 < 1.514 < 1.376 < 1.434 
Mn(54) NIA Nlf, NIA N/A N/f, 
Co 60) 0.09524 0.0241 0.1§27 0.0351; 0.0625 0.0327 0.07504 0.0427 0.07961 0.023 

Zn 65) <0.06065 <0.0942.: <0.0829 <0.09951' <0.0736 
Sb 124) NO Nit, Nit, 0.114'5 0.1087 N/f. 
Cs 134) <0.02441' <0.0373S < 0.Cl'.380! <0.0502 <0.0352S 
Cs 137) 0.14Q!: 0.02 0.18SE 0.0291 0.4:W 0.0377 0.487 0.0295 0.2593 0.033 
Ce 141) NIA N/t, Nit, N/f. Nlf. 
Eu 1521 NIA 0.758 0.055, 0.3123 0.055!: 0.275 0.0586 0.21W; 0.0394 

Eu 154) Nl1' 0.1837 0.077E N/1' NO NI/. 
Eu 1551 0.3257 0.034€ 0.06641 0.053. 0.07591 0.0701 Nlf. NJ/. 
Ra 2261 0.551 0.0467 0.7!59:l 0.0569 o.~ 0.049 0.801 0.07D:' 0.8274 0.054 
Th 228) 0.747 0.026 1.231' 0.036 1.181 0.04 1.127 0.03~ 1.559 0.04 
Th 2321 0.67 0.0861: 1.228 0.128 1.07' 0.15 1 .11 0.128 1.497 0.111 

U(235l N/f. N/f. N/f. NI N/A 
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SlteldenttflcaUon 100F HAN HAN HAN 
Coordinates E Im) 583132 58498E 58505S ~ 

Coordinates N Im ) 144317 14083.I! 140777 14007( 

River Mile (nearest O. 1 mi 22.1 24.E 24. 25 •• 

Date 9/28/91 10/2/91 10/2/91 10/2/91 

OSM Samole No. B01581 a B015C4 a B015Ca a B015C2 a 
Quality Control Sample Dup. B015C4 

Aluminum (mo / kol 524C 9350 9221' 641 

Antimony (ma/kal 4.~ J 6.f UJ 6.7 UJ J 

Barium (ma/ka) 65.1 87 B 98.S 74. 

Bervtium (mg/kg) 0.23 u 0.4!l u 0.4.11 u 0.24 u 
Cadmium (mg/kg) 0.99 u 2.7 1. B 0.7S u 
Calcium (mg/kal 1()00( 5()6( 514C 4200 

Chromium (mo/kol 10., 22.1 21 .S 12.1 

Cobalt lmq/kq) 7.~ B 10.:i B 11 .! B 8. B 
Coooer Ima/ kg) 15.1 J 29 J 26 J 14. J 

Iron (mg/ kg) 1620( 24600 30400 1920C 

Magnesium (ma/kg) 369C 465( 4620 JQOC 
Manganese (mg/ kq) 30ll J 313 J 338 J 37:: J 
Nickel (mo/kg) 10.~ 19.7 19.3 12.2 

Potassium (mo/kol 641 B 1300 B 1160 B 71!: B 
Silver /mo/kal 1.1 u 2.!S u 2.4 u 1. u 
Sodium lma/kal 22!' J 29:' J 27!5 J 14.11 J 
Vanadium Ima/kg) 40., 7( 112...:! 46. 
Zinc (mg/ kq) 14B 33:: 291 1~ 

21T 21T 21T 21T 

Gross Aloha E 4 1: ! s 5 12 

Gross Beta 24 2 21 
, 

2C 2!: ~ 

Sr(90) < 0.1 <• <:i <0.1 
Tc 99) N/A N/f. N/f. NIA 

N Gamma Scan 
K(40) 13.45 0.45 12.17 0.5.E 12.73 O.c 11.46 0.55 

Cr 51 ) < 1.347 <1 .444 < 1.481 <1 .27 
Mn 54) N/A 0.02fru 0,02()!; N/A N/A 
Col60I 0.2!: 0.0339 o.ono2 0.0327 o.~ 0.03.'. 0.2195 0.0387 

Zn 65) <0.0890!: < 0.086:JJ <0.1 <0.09235 
Sb 124) N/f. N/A N/A N/A 
Cs 134) <0.0338!: <0.06024 <0.043-4 <0.04514 

Cs 1371 0.5897 0.0257 0.2567 0.0245 0.3431: 0.040, 0.4765 0.029 
Ce (141) N/f. N/A 0.1507 0.1226 N/f. 
Eu 152) 0.737, 0.05m 0.376! 0.06 0.341€ 0.0697 0.75!: 0.059 
Eu 154) 0.08792 0.07 N/f. N/A N/f. 
Eu 155) 0.084n 0.04913 0.0867 0.078:' N/f. N/f. 
Ra 226) 0.8573 0.0521 1.27: 0.07 1.1M 0.07 1.101: 0.07:i 

Th 228) 1.51 0.035 1.91' 0.D.! 1.7 0.04.II 1.1 85 0.04 

Th 232) 1.56:' 0.124 1.701: 0.1~ 1.645 0.165 1.185 0.144 

U(235) NIA N/ A 0.106~ 0.87 N/A 
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