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3.0 Vadose Zone

D. G. Horton

Radioactive and hazardous wastes in the soil col-

umn from past intentional liquid waste disposals,

unplanned leaks, solid waste burial grounds, and under-

ground tanks at the Hanford Site are potential sources

of continuing and future vadose zone and groundwater

contamination. Subsurface source characterization

and vadose zone monitoring, soil-vapor monitoring,

sediment sampling and characterization, and vadose

zone remediation were conducted in fiscal year 1999

to better understand and alleviate the spread of sub-

surface contamination. This chapter summarizes

major findings from these efforts, focused primarily on

vadose zone soil contamination associated with reac-

tor operations, past single-shell tank leaks, and liquid

disposal to ground as a result of spent fuel processing.

An overview of the major soil column sources of

groundwater contamination is provided in PNNL-

13080. This section discusses vadose zone contamina-

tion that could impact groundwater in the future. Much

of the evidence for continuing impact on groundwater

from vadose zone contamination is discussed in Sec-

tion 2.0. An overall evaluation depends, to a large

degree, on a synthesis of vadose zone and groundwater

monitoring and characterization data to present a com-

piehensive picture of contaminant fate and transport.

Significant fiscal year 1999 vadose zone results are

summarized here but the bulk of the data synthesis on

impact to groundwater is presented and discussed in

Section 2.0.
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3.1 100 Areas

The Hanford Site 100 Areas are located in the

northern part ofthe site along the Columbia River.

Eight nuclear reactors were located in the 100 Areas.

They operated from the mid 1940s until 1987 and

were used for production of defense related nuclear

material. Considerable vadose zone contamination is

associated with those past-practice activities. Current

decontamination and remediation activities focus on

sites in the 100 Area because they are located near the

Columbia River.

This section describes the significant vadose zone

related activities that occurred in the 100 Areas in

fiscal year 1999. These activities include soil sampling

and analysis to support remediation of the 116-C-1

process effluent trench and the 1301-N and 1325-N

cribs and trenches, sampling and analysis to select a

waste site for initial deployment of technology for

in situ reduction of hexavalent chromium, and labora-

tory studies to measure the distribution coefficient and

leachability of chromium in sediment to support future

remedial action goals and plans. This section does not

discuss excavation done to remediate contaminated

sites. Those efforts are described in the appropriate

parts of Section 2.0.

3.1.1 Soil Remediation at 116-C-1 Trench

D. Q. Horton

The 116-C-1 process effluent trench was remedi-

ated in 1997, and a test pit was dug to groundwater in

early 1998 by Bechtel Hanford, Inc. Analysis of data

from the pit became available in 1999 (CVP-98-00006,

Rev. 0). This section summarizes the results of those

analyses. For a full description of the work, see CVP-

98-00006, Rev. 0.

The 116-C-1 trench is located within the

100-BC-1 Operable Unit in the 100 B/C Area of the

Hanford Site (see Platel). The trench is 167 meters

long, 32 meters wide, and 5 meters deep. The 116-C-1

site is an unlined trench that was used to dispose of

700 million liters of contaminated cooling water from

the 100 B/C Area retention basins after ruptured fuel

elements were detected in the reactors. The 116-C-1

trench continued to receive contaminated cooling

water until reactor operations ceased in 1968. An

additional 40 billion liters of high-temperature reactor

cooling water was discharged to the trench during a

150-day infiltration test in 1967. That water contained

700 ppb chromium as the major contaminant. The

infiltration likely, influenced the distribution of con-

taminants beneath the site.

The most mobile contaminants at the

116-C-1 trench have been flushed'through

the vadose zone to groundwater as a result

of infiltration testing in 1967.

The contaminants of concern at the 116-C-1

trench include americium-241; cobalt-60; cesium-137;

europium-152, -154, and -155; nickel-63; plutonium-

238, -239/240; strontium-90; uranium-238; total chro-

mium; hexavalent chromium; mercury; and lead.

The remedial actions taken at the 116-C-1 trench

included (1) excavating the site to the extentiequired

to meet specified soil cleanup levels, (2) disposing of

contaminated excavation materials at the Environ-

mental Restoration Disposal Facility at the 200 Areas,

and (3) backfilling the site with clean soil to adjacent

grade elevations and support subsequent revegetation.

As part of the remediation activities, a characteriza-

tion test pit was excavated to groundwater.

The vadose zone beneath the 116-C-1 site con-

sists of the Hanford formation and is predominantly

sand and gravel with various amounts of silt and cobble-

size material. The groundwater is -12.8 meters below

the surface.
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The test pit was 38 by 38 meters square and was

located in the southwestern third of the trench. The

test pit was centered at an area of elevated activity

near the trench inlet pipe. The material was removed

in 1.5-meter lifts using a backhoe. Soil samples were

taken from each quadrant of the test pit and composited

for each of the eight lifts. Figure 3.1-1 shows a cross

section of the 116-C-1 trench with the locations of

the test pit and samples.

Figure 3.1-2 shows the distribution of the constit-

uents of concern with respect to depth beneath the

trench. The results were obtained using U.S. Environ-

mental Protection Agency approved methods on the

bulk sample. The figure shows that most remaining

contamination in the vadose zone is within -5 meters

of the base of the remedial action excavation. More

mobile contaminants, such as strontium-90, however,

are slightly deeper in the soil column. The most

mobile contaminants, such as hexavalent chromium,

that was present at -700 µg/L in the cooling water,

have been flushed through the vadose zone to ground-

water as a result of the infiltration test done on the

trench after disposal of contaminated cooling water.

See Section 2.2 for discussions of groundwater under

the 100 C Area.

The maximum concentration of total chromium

is -10 times higher than background values. It is pos-

sible that some of the hexavalent chromium was

reduced in the vadose zone to fonn the distribution of

total chromium seen in Figure 3.1-2. Alternatively,

some trivalent chromium may have been disposed to

the trench.

As part of the remedial action, the RESRAD com-

puter code (ANL 1997) was used to model the impact

of residual contaminants of concern on the vadose

zone, groundwater, and Columbia River. A rural resi-

dential exposure scenario was used, though future land

use of the 100 Area is not yet defined (CVP-98-00006,

Rev. 0). The model predicted a maximum dose rate of

8.2 mrem/yr at the present, decreasing to 0.066 mrem/yr

in 1,000 years from direct exposure to the soil. The

total excess cancer risk from direct exposure to radio-

nuclides was calculated to be the largest, 7.7 x 10 5, at

the present and decreasing to 1.8 x 10 7 in 1,000 years.

All concentrations of the non-radionuclide con-

taminants of concern (total chromium, hexavalent

chromium, lead, and mercury) were below remedial

action goals, or cleanup levels, for direct exposure to the

soil. The excess cancer risk from hexavalent chromium

in the overburden and the excavated zone was well

below the individual and cumulative risk limits.

The estimated radionuclide dose via the ground-

water and/or the Columbia River was well below the

4-mrem/yr dose rate limit. Also, the remaining con-

centrations of total chromium, hexavalent chromium,

lead, and mercury in the soil were either less than

100 times the maximum contamination level, less

than background concentration, or modeled with

RESRAD to be less than remedial action goals.

Remediation of the 116-G1 trench meets cleanup

standards and the site is reclassif`ied as closed in accor-

dance with the Tri-Party Agreement (Ecology et al.

1989). A more complete description of the project

and the results can be found in CVP-98-00006, Rev. 0.

3.1.2 Soil Sampling and Analysis at
1301-N and 1325-N Trenches

D. G. Horton

Bechtel Hanford, Inc. collected and analyzed four

subsurface soil samples from test pits excavated in each

of the 1301-N and 1325-N trenches in 1998. They

also collected and analyzed four samples of surface soil

from each of the 1301-N trench and the 1325-N crib.

Plate 1 shows the locations of the facilities. Fig-

ures 3.1-3 and 3.1-4 show the sample locations. The

purpose of the activity was to facilitate the remedial

action design and disposal process of contaminated

soil that will be excavated from the site. This section

summarizes the sampling activities and the analytical

results. A much more complete description can be

found in BHI-01271, Rev. 0. `UJ1
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100Areas

The 1301-N and 1325-N cribs and trenches

received radioactive liquid waste containing activa-

tion and fission products as well as small quantities of

corrosive liquids and laboratory chemicals generated

by various N Reactor operations. Overflow from the

cribs was discharged to the trenches. As the liquid

waste percolated through the vadose zone soil beneath

the trenches, radioactive and hazardous materials were

sorbed onto the soil. Different contaminants would

have migrated to different depths based on adsorption

characteristics of individual constituents.

Previous investigations had shown that soil con-

tantination was highest near the surface of the facil-

ities and decreased dramatically with depth. The

contaminants of concern were cesium-137, chromium,

cobalt-60, europium-154 and -155, mercury, nitrate,

plutonium-239/240, strontium-90, and tritium at both

1301-N and 1325-N.

Samples from test pits in the 1301-N

and 1325-N trenches show that radionu-

clide concentrations drop sharply in the

upper 0.6 meter of the surface or the base

of the backfill.

Four samples of soil were obtained from the surface

of the 1301-N trench and four from the surface of the

1325-N crib. The samples were collected in sample

bottles that were attached to a telescoping painter pole.

The sample bottles were lowered through hatchways

in the covers of the crib and trench. The upper 50 to

75 millimeters of soil were scraped into the sample

bottle and removed from the facility through the access

port. . . . . . .

The samples from 1301-N trench were sandy silt

with between 5% and 50% organic debris. The sam-

ples from the 1325-N crib ranged from semi-dry to

slightly moist silt to coarse sand and silt. One sample

contained -50% pebbles; a second sample contained

some animal hair and pieces of wood; and a third

sample contained a piece of clay.

Figure 3.1-5 shows the results of the analyses of

radionuclide concentrations in the surface samples

from tfie 1301-N trench. Radionuclide concentrations

are plotted according to their distance down the trench

from the crib. Also shown on the figure are the aver-

age values of process sample data collected between

1980 and 1985 for comparison. All older data were

decay corrected to January 1999. One value for

plutonium-239/240, collected in 1982 at 147 meters

from the crib, is not included in the calculated aver-

age because it was considered unrepresentative..

The 1999 data show that, within a factor of 10,

concentrations of radionuclides are fairly constant along

the length of the trench. There is a slight increase in

the concentrations of all constituents in the 1999

samples obtained --150 meters from the crib and this

is mirrored for some radionuclides at 112 meters dis-

tance in the older data set. The exact locations of the .

older data are not known with certainty because each

set of data included only nine locations, yet there are

10 access ports in the trench. BHI-01271, Rev. 0

assumed that ports 1 through 9 (the closest to the crib)

were historically sampled. However, if it were assumed

that ports 2 through 10 were sampled, the older data

would be shifted one location farther from the crib.

This would improve the match between the 1999 and

the historical 150-meter sample for several isotopes.

Figure 3.1-6 shows the results of the analyses of

radionuclide concentrations in the surface samples

from the 1325-N crib. Radionuclide concentrations

are plotted according to their position within the crib.

Also shown on the figure are the average values of

process sample data collected between 1985 and 1987

for comparison. The older data were decay corrected

to January 1999. The 1999 data show that, within a

factor of 10, concentration levels are fairly constant

across the crib. Also, the 1999 values are within a

factor of 10 of the average 1985 to 1987 process data.

A hydraulic excavator was used to dig one test pit

in each trench. The excavator bucket was used to

collect three discrete grab samples of soil at selected
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depths. Also, one composite soil sample was taken at

each trench by combining and homogenizing a portion

of each grab sample.

The samples from the 1301-N trench were col-

lected from depths of 0 to 0.3 meters, 0.3 to 0.6 meters,

and 0.6 to 1.5 meters. The samples were from the

Hanford formation and were moist, sandy gravel to

gravel. The gravel content increased with depth.

Samples from the 1325-N trench were obtained from

depths of 0.61 to 1 meters, 1 to 1.4 meters, and 1.4 to

1.8 meters. A 0.61-meter layer of backfill was removed

before collecting the shallowest sample. The Hanford

formation sediment was poorly sorted sandy gravel to

gravel, and the gravel content increased with depth in

the 1325-N trench pit.

Field instruments were used to map the soil in

each excavation bucket to locate the highest alpha

and beta-gamma concentration. Samples were col-

lected from the areas of highest concentration, placed

in a clean stainless steel bowl, homogenized, and then

transferred to sample bottles for transport to the

laboratory.

Figure 3.1-7 shows the results of analysis of the

radionuclides in samples from the pits in both trenches.

The average depth of each excavation bucket is used

as the sample depth. The data from 0 meter for the

1301-N trench in Figure 3.1-7 are the average values

of the surface samples taken from that trench. Also,

the top of the first sample from the 1325-N trench is

placed at a depth of 0.6 meter because 0 meter was the

top of the gravel backfill, which was removed. The

data on Figure 3.1-7 show tharthe concentration of

most radionuclides drops off rapidly with depth by a

factor of 10 to 100 within the first 0.6 meter of the

surface at the 1301-N trench or the base of gravel back-

fill at the 1325-N trench. However, the concentration

of most isotopes below 0.6 meter remains substantial.

See Section 2.4 for discussion of groundwater beneath

the 1301-N and 1325-N facilities.

3.1.3 In Situ Gaseous Reduciion Approach

E. C. Thornton, K. J. Cantrell, J. M. Faurote,

T. J C'Jilmore, K. B. Olsen, R. Schalla

This section summarizes the fiscal year 1999 activ-

itiesto identify a waste site for initial deployment of

the in situ gaseous reduction approach to remediation

of hexavalent chromium. A full account of the activ-

ities can be found in PNNL-13107.

In situ gaseous reduction is a technology currently

being developed by the U.S. DepartmenYof Energy

(DOE) for the remediation of soil waste sites contam-

inated with hexavalent chromium. The chemical

reaction of primary interest is the reduction of hexa-

valent chromium to trivalent chromium, with subse-

quent precipitation as a non-toxic solid product. The

technique involves injection of a dilute hydrogen sul-

fide gas mixture into the vadose zone at a hexavalent

--^

In fiscal year 1999, investigators

searched for suitable locations to test an

innovative method of removing chromium

from the vadose zone. The best site for ini-

tial use of the method was found to be the

183-DR facility in the 100 D Area.

chromium waste site through a central borehole (Fig-

ure 3.1-8). The gas mixture is then drawn through

the waste site by vacuum applied at extraction bore-

holes located at the site boundary. Monitoring the

breakthrough of hydrogen sulfide at the extraction

wells provides a basis to assess treatment progress.

Field testing of the in situ gaseous reduction

approach was demonstrated at White Sands Missile

Range in 1998 by injecting 200 mg/1- hydrogen sulfide

into chromate-contaminated soil. Final findings indi-

cate that 70% of the hexavalent chromium present at the

site was reduced to trivalent chroinium during the test.
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100 Areas

The primary objective of the Hanford Site 1999

study was to select one or two waste sites for an initial

deployment of the in situ gaseous reduction technology.

Six sites were selected for screening. The selected

sites were suspected to contain small but highly con-

taminated vadose zone plumes. As such, the chance

of detecting a vadose plume was less than that for a

larger plume such as those associated with retention

basins or cribs.

The selected sites were the 100 C plutonium crib,

the 183-DR head house and filter plant, an area near

the 108-D Building, the 190-1) complex, the 183-H

solar evaporation basins, and the 183-KE and 183-KW

chromate transfer stations. The soil samples collected

at the 100 C plutonium crib were obtained from an

excavation pit. Subsurface samples collected at the

other sites were obtained by GeoprobeT' and cone

penetrometer. In addition, surface samples were col-

lected for analysis at several of the above sites.

One hundred eighty-three soil samples were col-

lected and analyzed in the laboratory for hexavalent

chromium by colorimetry. Also, 70samples were col-

lected from 7 new boreholes drilled in the 100 D Area

to support in situ reduction/oxidation (redox). These

samples were also analyzed for hexavalent chromium.

This section summarizes the results of those analyses.

A detailed description of rhe work will be finalized

and published in fiscal year 2000 (PNNL-13107).

3.1.3.1 Summary of Characterization
Activities

contamination associated with the plume west of the

DR Reactor. The wells chosen for sediment analyses

were 199-D4-20 and 199-D5-38 through 199-D5-43

(Figure 3.1-9). The samples ranged from depths of 1.5

to 24 meters (top ofthe unconfined aquifer).

All sample analytical results were non-detections

(less than 0.4 mg/kg hexavalent chromium). These

negative results may be related, in part, to the loca-

tions of the wells. The wells were not drilled near the

vadose zone source, which appears to be in the vicinity

of the 183-DR facility (see Figure 3.1-9). However, it

also appears that hexavalent chromium may be reduced

during the drilling process., Reduction may be brought

about by iron released during abrasion of the drill bit

or by exposure of fresh ferrous iron-bearing surfaces of

basalt cobbles fractured during drilling. It is concluded

that future efforts to characterize the distribution of

hexavalent chromium in the vadose zone by drilling

should be undertaken by collecting unaltered core

(e.g.; split spoon) samples.

100 C Plutonium Crib

The 100 C plutonium crib (116-C-2A on Plate 1)

in the 100 C Area is being remediated, primarily by

excavation. Following recent excavation of surface

material at this site, sediment samples were collected

from the pit for analysis of hexavalent chromium. All

samples were below the limits of detection for hexa-

valent chromium for the analytical method used. Thus,

this site is eliminated from the list of candidate test

sites for deployment of the in situ gaseous reduction

Characterization data collected during this study

is summarized below.

100 D Well Cuttings

Bechtel Hanford, Inc. drilled 12 new groundwater

monitoring wells at 100 D Area in fiscal year 1999.

Pacific Northwest National Laboratory (PNNL) par-

ticipated in this effort by analyzing vadose zone sam-

ples (cuttings) from seven of these wells for hexavalent

chromium. The objective of this effort was to obtain

information regarding sources of hexavalent chromium

technology.

183-DR Head House and Filter Plant

The location of the 183-DR facility is shown in

Figure 3.1-9. This facility appears to be the source of

hexavalent chromium present in the plume west of

the site. This facility was originally used to remove

suspended solid material from the cooling water and

to add hexavalent chromium as a corrosion inhibitor

before passing the water into the DR Reactor. .
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A series of Geoprobe TM holes were driven in the

vicinity of the former head house and filter plant by

CH2M Hanford, Inc. and PNNL staff2o obtain sedi-

ment samples for analysis of hexavalent chromium.

The locations of these holes are shown in Figure 3.1-10.

The Geoprobe T" had difficulty obtaining samples at

depths greater than -4.6 meters, which appears to be

the top of an open-framework gravel. However, some

samples were collected down to 7.2 meters. Essen-

tially no hexavalent chromium was detected in any of

these samples.

A cone penetrometer, operated by Applied Re-

search Associates, Inc., was used to obtain sediment

samples at a depth of 3.9 meters near the center of the

site (see Figure 3.1-10). Possible hexavalent chromium

contamination was found at less than or at 0.5 mg/kg

in these samples.

It is concluded that the 108-D site is not suitable

for a detnonstmtion of the in situ gaseous reduction

technology because of underground radionuclide con-

tamination, which would increase the costs and com-

plexity of conducting a demonstration, and because of

the low levels of hexavalent chromium contamination

observed.

190-0 Complex

This facility is located west of D Reactor. Hexa-

valent chromium was added to cooling water at this

facility before entering the reactor, and fairly wide-

spread contamination is present in the area. Hexa-

valent chromium staining of soil and concrete debris

is visible in surface materials, commonly reaching

levels of several hundred to greater than 1,000 mg/kg.

The locations of ten Geoprobe TM and two cone

Groundwater monitoring data strongly suggest

that the 183-DR facility was responsible for the hexa-

valent chromium groundwater plume present in this

area. However, it appears that hexavalent chromium

has migrated too deeply in the vadose zone at this site

to be reached by Geoprobe''' or cone penetrometer.

Vadose zone boreholes should be drilled and sediment

samples analyzed to determine the vertical distribu-

tion of hexavalent chromium contamination at the

183-DR site.

108-DSife

This facility is located north of D Reactor (see

Figure 3.1-9). It appears that the 108-D facility may

have been the source of the hexavalent chromium

groundwater plume located north of the reactor and

may originally have been a chromate transfer station.

Access to this site is difficult because of the presence

of underground radionuclide contamination. However,

a Geoprobe^ sampling location was set up a short

distance to the west of a fence surrounding the area of

subsurface radioactivity. Hexavalent chromium was

detected at low concentrations (less than or at 1 mg/kg)

in samples collected by Geoprobe" at the site.

penetrometer holes at this site are shown in Fig-

ure 3.1-11. The highest value of hexavalent chromium

obtained was 63 mg/kg from a sample collected from

depths of 3 to 3.6 meters at location GPD26. This is

the same location where a value of 6.96 mg/kg was

reported by Bechtel Hanford, Inc. (BHI-01185, Rev. 0)

from a sample collected at a depth of 4 meters. Samples

from two cone penetrometer holes, which were drilled

to a depth of 9.7 meters, suggest that the depth of

contamination does not exceed 6.1 meters.

It is concluded that significant levels of hexavalent

chromium contamination exist in the soil at the 190-D

site. However, the contamination appears to be local-

ized and restricted to shallow depths. Thus, in situ

remediation probably is not a viable option at this site.

183-H Solar Evaporation Basins

The 183-H solar evaporation basins were a former

waste storage facility in the 100 H Area. The basins

are associated with contaminated soil and groundwater

in the area. A total of four GeoprobeT"` and four cone

penetrometer holes (Figure 3.1-12) were driven at this

site and sediment samples were collected and analyzed

'j
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for hexavalent chromium. Levels of hexavalent chro-

mium in all samples were at or below the limits of

detection (less than or at 0.4 mg/kg).

183-KE and 183-KW Chromafe Transfer Stations

The 183-KE and 183-KW chromate transfer sta-

tions are located in the 100 K Area. They are sites

where hexavalent chromium stock solutions were

unloaded from railcars near the head house of the water

treatment basins. As at 183-DR and 190-D, hexavalent

chromium was added to reactor cooling water as a cor-

rosion inhibitor. Surface soil stained by hexavalent

chromium is particularly noticeable at 183-KW, where

an area containing -400 mg/kg hexavalent chromium

has been identified. Chromium contamination of

groundwater at 183-KE also has been monitored in

the pasrseveml years.

Geoprobe" sampling was undertaken at both

183-KE and 183-KW. Samples collected to a depth of

-2.3 meters at 183-KE did not contain detectable

hexavalent chromium. Deeper sampling could not be

achieved because of gravel or cobble beds. It is prob-

able that hexavalent chromium contamination exists

at depth in light of existing groundwater conramina-

tion but is apparently deeper than 3 meters. A field

demonstration would be difficult to undertake at this

site because the facility is still being used and access is

limited because of utilities.

Hexavalent chromium was detected in sediment

samples obtained from several Geoprobe'`' holes at

183-KW. GeoprobeTM hole GPKW2 (Figure 3.1-13)

had especially high concentrations, up to 420 mg/kg

at depth of 2.6 meters. Significant hexavalent chro-

mium concentrations were also detected in samples

collected from hole GPKW3, which was driven in the

area of surface soil contaminated with hexavalent

chromium. A concentration of 11 mg/kg was measured

in a sample collected at depths of 0.6 to 1.3 meters.

Hexavalent chromium concentrations decreased to

3 mg/kg between 1.3 to 1.8 meters. Two cone pene-

trometer holes were also driven at 183-KW, but analysis

of samples indicated tharhexavalent chromium con-

centtations are relatively low (less than or at 2 mg/kg).

The 183-KW site was originally considered to be

a potential test site for in situ gaseous remediation be-

cause of the presence of elevated levels of hexavalent

chromium in the soil and because the site has been

identified for remediation. However, GeoprobeT" and

cone penetrometer refusal was commonly encountered

at -3 meters, due to a gravel or cobble layer, so that

no samples could be collected below that depth. In

addition, contamination appears to be sporadic and

may be largely found on the surface. Finally, site utili-

ties limit access to the site.

3.1.3.2 Conclusions and Recommendations

The 190-D site has significant concentrations of

hexavalent chromium in the soil (as high as 7 mg/kg).

However, contamination is limited to depths shallower

than 6 meters and is in localized areas. Significant

concentrations ofhexavalent chromium also occur in

sediment at the 183-KW site, but the distribution

appears to be sporadic. At the 183-KW site, the use

of the Geoprobe''`' and cone penetrometer was limited

to shallow sampling activities because of refusal at

depths of 3 meters.

The 183-DR site is judged to be the best site avail-

able for undertaking an initial deployment of the in

situ gaseous reduction technology at the Hanford Site.

GeoprobeTM and cone penetrometer sampling at this

site were severely hampered by the presence of concrete

and construction debris and fill. Nevertheless, recent

gtoundwater monitoring data strongly indicate that a

deep vadose zone source of hexavalent chromium

exists at 183-DR, and several sediment samples were

obtained that appear to have low concentrations of

hexavalent chromium. It is recommended that sev-

eral vadose zone boreholes be drilled to groundwater

at 183-DR. Sediment and groundwater samples should

be collected and analyzed co verify that this site is the

source for the groundwater plume.
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3.1.4 Bench Scale Distribution Coefficient
and Leach Studies on Hexavalent Chromium
in Contaminated Vadose Zone Sediment
from 100 D Area

R. J. Serne and D. Q. Horton

Important decisions affecting the cost and extent

of remedial actions in the 100 Areas are currently based

on the predictions of the very conservative computer

model RESRAD. To date, the RESRAD code has

used only the distribution coefficient (Ka), and not

leachability, to evaluate impact to groundwater. K. is

a measure of the relative concentration of contami-

nant sorbed on the sediment to that dissolved in solu-

tion; the smaller the Kd, the more contaminant is in

solution (groundwater). The modeling results indicate a

potential impact to groundwater from contaminated

vadose sediment at the 100 D Area, assuming a hexa-

valent chromium K. value of zero.

hexavalent chromium to pore water. Therefore, experi-

ments were done in 1999 to measure both the leach

rate and Kd of hexavalent chromium using sediment

samples from the 100 D Area The RESRAD computer

model can evaluate hexavalent chromium impact on

groundwater using leachability parameters, which rep-

resent combined dissolution and desorption effects.

Implementing the results of the 1999 experiments will

provide a more accurate picture of actual potential

impact to groundwater and support future remedial

action cleanup goals and planning.

3.1.4.1 Samples and Methods

The 116-D-7 retention basin site, located north of

the 100-DR-1 Operable Unit, was selected as the field

area to obtain samples for Ka and leachability tests.

Both contaminated and uncontaminated samples were

obtained for use in the bench-scale testing. The primary

objectives of the bench-scale tests were to estimate

Kd and leach rates for hexavalent chromium specific

to the Hanford formation sediment in the 100 Areas.

Scientists performed laboratory tests

in 1999 to study factors that affect the way

chromium moves through the vadose zone.

Preliminary results suggest that relatively

insoluble fornu of chromium may be present.

Use of the distribution coefficient assumes that

hexavalent chromium is adsorbed on exchange sites of

minerals in the sediment. Alternatively, hexavalent

chromium, in 100 D Area contaminated sediment,

may be present as an insoluble precipitate. Batch and

flow-through leach tests are appropriate to evaluate

this alternative. The results of leach tests combine

the effects of desorption and dissolution. Currently,

results of leach tests for hexavalent chromium in sedi-

ment are not as readily available in the literature as

are Kd results, and chromium leach tests have not been

performed on Hanford Site sediment.

The rate of hexavalent chromium movement

through the vadose zone to groundwater will depend

on which mechanism, desotption or dissolution, releases

Batch adsorption tests were run using 50 grams of

oven dry Hanford formation sediment and 200 millili-

ters of Hanford Site groundwater spiked with hexa-

valent chromium. Three different spike levels, 0.1,

1.0, and 10 mg/L of hexavalent chromium (as sodium

dichromate) were used. Triplicate container blanks,

consisting of spiked groundwater without sediment,

were analyzed to account for hexavalent chromium

stability in groundwater and container adsorption of

hexavalent chromium. Triplicate sediment blanks,

consisting of uncontaminated Hanford formation sedi-

ment and deionized water, were analyzed to determine

whether native chromium was leached from the sedi-

ment. Tests were run in triplicate for contact times of

4 and 14 days.

In addition, one leach test was performed using

contaminated Hanford formation sediment from the

100 D Area. The test was done by packing a vertical

column with a measured amount (weight and volume)

of sediment and allowing a source of water to flow

through the column at a constant rate for 43 days.
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Hexavalent chromium was measured by colorlme-

try in solutions from the batch tests and by both color-

imetry and inductive coupled plasma/mass spectrometry

in column leach tests.

3.1.4.2 Results

The results of the Kd batch experiments are shown

in Tables 3.1-1 and 3.1-2. The conclusion from the

tests is that there is no significant hexavalent chromium

adsorption onto the Hanfordformation sediment. The

average K. for hexavalent chromium from the most

dilute concentration tests after both 4 and 14 days of

contact is 0.2 ± 0.1 mL/g. The K. was found to be 0 at

higher hexavalent chromium concentrations. The

very low Ka measured from the smallest hexavalent

chromium concentrations may well be an artifact of

(1) the use of batch tests for very low sorbing con-

stituents combined with (2) testing very near the de-

tection limit for the analytical method used.

The results of the column leach test are shown in

Figure 3.1-14. The results show that typical Hanford

Site groundwater does not readily leach chromium

bound to the Hanford formation sediment. After

43 days, less than 1% of the chromium present in the

sediment was removed by -12 pore volumes of solu-

tion. The 12 pore volumes represent the total amount

of water that would flush through the vadose zone for

a scenario with 15 centimeters of rainfall and 0.76 meter

of irrigation per year.

A direct mass balance measurement of the hexa-

valent chromium in the sediment before leaching and

after 43 days of leaching showed no measurable loss of

hexavalent chromium from the sediment; within the

analytical error both the pre- and post-leached sedi-

ment samples gave the same result. This corroborates

the leachate solution analyses that found less than 1%

of the hexavalent chromium was removed from the

sediment

Additional batch water leach tests, using con-

taminated sediment, showed that less than 1% of the

hexavalent chromium was leached after 16 hours of

vigorous shaking. The exact amount removed varied

from 0.04% to 0.71% depending on which analytical

technique was used to measure chromium.

3.1.4.3 Conclusion

The findings of this study suggest that there is

very little soluble chromium in the vadose zone sedi-

ments of the 100 D Area. This is contrary to the

existence of high chromium concentrations in ground-

water from some 100 D locations. The apparent incon-

gruity may be an artifact of sampling (i.e., samples

were collected outside areas of chromium contamina-

tion) or may represent some, as yet, unidentified

geochemical process.

All solutions generated by mixing the contami-

nated sediment with uncontaminated Hanford Site

groundwater resulted in hexavalent chromium concen-

nations between 0.002 to 0.05 mg/L. Also, the column

effluents reached a steady state chromium concentra-

tion of either 0.003 or <0.01 mg/L depending on the

analytical technique. These data suggest that a hexa-

valent chromium-bearing precipitate that is very

insoluble in Hanford Site groundwater may be present

in the sediment. Alternatively, the chromium in the

sediment may be trivalent chromium that slowly oxi-

dizes when leached with water. Therefore, the result-

ing leachate would contain very small concentrations

of oxidized chromium as hexavalent chromium.

If hexavalent chromium in solution is controlled

by slow oxidation of sediment containing trivalent

chromium, then more kinetic testing is needed. More

kinetic testing would allow extrapolation of the short-

term laboratory leach data to the longer time spans to

reflect natural dissolution of chromium from Hanford

formation sediment in the 100 Areas. More column

leach tests need to be performed using contaminated

sediment with higher hexavalent chromium levels and

at several flow rates slower than those used for the

irrigation scenario in this work.
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Table 3.1-1. Average 4-Day Contact Time K. and Standard Deviation for Hexavalent Chromium

(CrFVI]) and Total Chromium Adsorption

Cr(VI) Standard Standard
Concentration Ka for Cr(VI) Deviation Ka for Total Cr Deviation

(tag/L) (mL/g) ( ML/g) (mL/g) (mL/g)

0.1 0.3 0.1 0.0 0.3
1.0 0.0 0.0 0.2 0.3

10.0 0.0 0.05 0.3 0.3

Table 3.1-2. Average 14-Day Contact Time K. and Standard Deviation for Hexavalent Chromium

(Cr[VI]) and Total Chromium Adsorption

Cr(VI) Standard Standard
Concentration Ka for Cr(VI) Deviation Kd for Total Cr Deviation

(mg/L) (mL/g) ( mL/g) (mL/g) (mL/g)

0.1 0.2 0.1 0.0 0.1
1.0 0.0 0:0 0.1 0.1

10.0 0.0 0.0 . . . -0.2 0.1

.-^.
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3.2 200 Areas

The Hanford Site 200 Areas are located in the

central part of the site. Weapons grade plutonium was

extracted from irradiated fuel at these locations. These

areas are the location of the most significant vadose

zone contamination at the Hanford Site.

This section presents the results of the character-

ization, monitoring, and remediation activities accom-

plished in the 200 Areas in fiscal year 1999.

3.2.1 200 Areas Characterization
Activities

Several vadose zone characterization activities

were undertaken at the 200 Areas in fiscal year 1999.

At the SX Tank Farm, samples were collected and

characterized from the decommissioning of one bore-

hole drilled to characterize deep vadose zone contami-

nation and from a second, new borehole adjacent to

tank SX-1 15. Also, in SX Tank Farm, preliminary

temperature and neutron capture borehole logging was

accomplished. During 1999, baseline spectral gamma-

ray logging at two single-shell tank farms (T and B)

was completed and logging of the highest count rate

zones at the tank farm was initiated.

Additional characterization activities were begun

in 1999 at Gable Mountain Pond, 216-B-3 pond, 216-

S-10 pond, and 216-B2-2 ditch, where test pits were

dug and sampled and/or boreholes drilled and sampled.

The results of these activities will be presented in cal-

endar year 2000.

3.2.1.1 Decommissioning of Borehole
41-09-39 at the SX Tank Farm

it J. Serne, D. Q. Horton, D. A. Myers

Borehole 41-09-39 is located adjacent to single-

shell tank SX-109 in the SX Tank Farm in the Hanford

Site's 200 West Area. This borehole was originally

constructed in 1996 by driving a closed end casing to

a depth of 40 meters. The primary purpose of the

borehole was to determine the presence of cesium-137

at depths of 24 to 40 meters below ground surface. The

borehole was then deepened in 1997 by milling out

the end of the initial 18-centimeter casing and extend-

ing the bore using the percussion drilling method,

while collecting near continuous soil samples. The

borehole was temporarily finished as a monitoring

well to allow collection of groundwater samples and

ultimately for injecting sodium-bromide as a tracer to

assess groundwater movement beneath the tank farm.

In fiscal year 1999, sediment samples

were collected from a borehole in the SX Tank

Farm. Results from a depth of 18 to 25 meters

showed the highest levels of cesium-137 found

under leaking tanks in the past 35 years.

In fiscal year 1999, the borehole was decommis-

sioned to eliminate it as a potential pathway for con-

taminants to readily reach the groundwater. As part

of the decommissioning effort, samples of the previ-

ously unsampled portion of the hole were collected

and submitted for chemical and radiological analysis.

After complete removal of the inner 10-centimeter-

diameter casing, the outer 18-centimeter casing was

hydraulically jacked out of the ground in stages. Side-

wall samples were collected below the casing at pre-

scribed depths. After complete removal of both casings,

the borehole was filled with bentonite and grout.

Based on drilling records and geophysical logs, 16

sampling horizons were selected. These horizons were

sampled using side-wall sampling techniques, with

three aliquots of soil collected from each horizon.

Details on the sampling and analysis data qualitative

objective process and the sampling and analysis plans

are found in HNF-4380, Rev. 1. Discussions of ground-

water beneath the SX Tank Farm are in Section 2.8.
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Either two or three aliquots of fifteen of the six-

teen selected horizons were successfully sampled. One

of the aliquots obtained at 19.8 to 20.1 meters was ten

times more radioactive than the other two aliquots

from this depth, so the highly radioactive aliquot was

kept separate. All aliquots from each depth interval,

except those from 19.8 to 20.1 meters, were mixed

together to form one composite sample for each depth.

Analytical results show that the sediment has very

high concentrations of cesium-137 and represents the

most radioactive materials obtained from under leak-

ing tanks in the past 35 years. Table 3.2-1 lists the

descriptive lithology and the results of measurements

made directly on the sediment. There appears to be

some correlation between the particle size of the sedi-

ment and the cesium-137 content between depths of

18.3 and 33.2 meters; the finer grained the sediment,

the higher the cesium-137 concentration. The region

between depths of 18.3 and 25.3 meters has the highest

concentration of cesium-137. A smaller region with

high cesium-137 concentration exists between depths

of 31.1 and 33.2 meters.

Several of the samples obtained from borehole

41-09-39 contained insufficient pore water to obtain a

sample large enough for chemical analyses. A water

extract, using 1part water to lpart dry sediment, was

done on those samples to obtain sufficient leachate for

analysis. The water extract gives an indication of

which contaminants are readily leached and, therefore,

fairly mobile. Table 3.2-2 lists the analytical results of

water extracts from the sediment.

The data in Table 3.2-2 show large amounts of

water leachable chromium (presumably hexavalent

chromium, chromate), nitrate, sodium and

technetium-99 in the sediment. Some selenium and

cesium-137 were also leached from some samples in

concentrations greater than background concentra-

tions. (See DOE/RL-92-24, Rev. 3 and DOE/RL-96-12,

Rev. 0 for background values.) Data for other anions

(chloride, nitrite, sulfate, and phosphate) and other

cations (arsenic, barium, cadmium, lead, molybdenum,

silver, and uranium) are available from Pacific North-

west National Laboratory. Analyses of other major

cations (aluminum, calcium, iron, magnesium, manga-

nese, and potassium) will be available in fiscal year

2000. The pH of the water extract is elevated slightly

above natural pH values of 8.0 to 8.5 for samples from

18.6 to 25.3 meters below ground surface. The original

tank liquor had pH values above 14 and free hydrox-

ide concentrations perhaps as large as l M or higher.

The water extract pH values show that the sediment

has substantially buffered the pH of leaked fluids.

Analytical results of a strong acid (8 M nitric acid)

leach of the sediment samples are shown in Table 3.2-3.

These results approximate the total amount of contami-

nant in the sediment that would be environmentally

available per U.S. Environmental Protection Agency

suggestions in SW-846. The data in Table 3.2-3 show

that greater than background levels of chromium,

molybdenum, selenium, and technetium-99 are leached

from the sediment. Concentrations of americium-241,

neptunium-237, plutonium-239, and strontium-90 do

not appear to be present in the sediment at levels above

1 pCi/g. Analytical results for aluminum, arsenic,

barium, cadmium, copper, iron, lead, manganese, sili-

con, silver, and strontium will be documented in fiscal

year 2000. Except for aluminum and iron, preliminary

results for these metals show no concentration versus

depth trends to suggest there is a major source of con-

tamination in the vadose zone. Concentrations of

aluminum and iron may be slightly elevated in samples

from shallower depths where cesium-137, chromium,

nitrate, and sodium are definitely present.

Table 3.2-4 shows the percent of cesium-137 that

was leached from the sediment by the water extract

compared to the total cesium-137 present in the sedi-

ment. The table also shows the percentages of chro-

mium and technetium-99 that were leached by water

compared to the amounts leached by the strong acid

extract. The latter is an approximation of the total

technetium-99 and chromium in the sediment.

Very little cesium-137 was leached by the water

extract, indicating that most cesium-137 in the sedi-

ment from borehole 41-09-39 is not soluble and is

bound to the sediment. Conversely, significant per-

centages of the chromium and technetium-99 were
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leached by the water extmct These data can be used

to estimate in situ distribution coefficients (Kd) for

each chemical in each sediment sample. The calcu-

lated Kas are shown in Table 3.2-5.

The Kds in Table 3.2-5 are based on analysis of

one aliquot of sediment from each depth being used

for the water leach test and a second aliquot used for

the acid leach test. In Table 3.2-5, any inhomogene-

ities in contaminant distribution that may have existed

in the sediment are magnified due to the way that Kds
are calculated. Note, however, that none of the acid

leached samples contained less mass than the water

extracted samples for the two mobile contaminants,

technetium-99 and chromium. This suggests that

gross inhomogeneities were absent in the samples.

The reason for the large variation in cesium-137 Kd

values is unknown and will require further work.

The apparent large in situ Ka values for technetium-

99, and perhaps chromium, in selected samples merit

additional testing or more detailed investigations on

the molecular scale to determine whether the sediment

contains adsorbed or co-precipitated technetium-99

and chromium. The chromium Kd values for some of

the samples that did not contain elevated total chro-

mium concentrations represent native trivalent chro-

mium in the sediment. The Kd values for the samples

from 7.6 meters, 13.4 meters, 17.1 meters, and the

38.8 meters, in Table 3.2-5 may represent immobile

native trivalent chromium. Large in situ Kd values

for chromium in samples from other depths are unex-

plained at this time. More detailed geochemistry

studies on borehole 41-09-39 sediment will be done

in fiscal year 2000, and a final report of all results will

be issued.

3.2.1.2 New Vadose Zone Borehole at
Single-Shell Tank SX-115

D. A. Myers

The River Protection Project's Vadose Zone Proj-

ect completed a characterization borehole (299-W23-

19) in the SX Tank Farm adjacent to tank SX-115.

This tank was selected for investigation because it is

the source of the largest measured leak in the SX Tank

Farm. This tank had a measured loss of 189,000 liters

during a sodium nitrate retrieval effort in the mid-

1960s; this volume contained a significant amount of

technetium-99. Groundwater monitoring wells to the

southeast of the tank were some of the first to show

increased technetium-99 concentrations at this Resource

Conservation and Recovery Act of 1976 (RCRA) site.

The borehole was sited near the tank adjacent to a

zone of high gamma flux reported in BNWLCC-701.

The borehole was advanced using the reverse air-rotary

method in a drive and drill mode. Near-continuous

samples were collected through the Hanford formation

by driving a split-spoon sampler ahead of a casing string.

After samples were retrieved, the borehole was reamed

out using reverse air rotary methods and the casing

A new vadose monitoring borehole was

instaUed in the SX Tank Farm in fiscal year

1999. Analytical results from sediment

samples will be available in 2000. The

borehole was turned into a groundwater

monitoring well after high concentrations of

technetium-99 were detected in a ground-

water sample.

advanced to the next sample location. All air-lifted

cuttings were treated as if contaminated and all efflu-

ent air was passed through high-efficiency particulate

air (HEPA) filters before being discharged to the atmos-

phere. No contamination was detected by field instru-

ments during drilling. Action levels were exceeded

due to the presence of naturally occurring potassium,

uranium, and thorium isotopes in the fine-grained

sediment associated with the Palouse soil and Plio-

Pleistocene Unit. The well was drilled into the ground-

water to allow sampling for the RCRA monitoring

program. Analysis of the groundwater samples revealed

technetium-99 concentrations up to 48,000 pCi/L,

the highest levels found to date on the Hanford Site.

Because of this finding, the well is to be completed as

a RCRA assessment well rather than decommissioned

as originally planned. Analysis of the sediment will

be done in fiscal year 2000.
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3.2.1.3 Temperature and Other Geophysical

Logging at Single-Shell Tank Farms

D. A. Myers

Geophysical logging beyond the baseline logging

program conducted by MACTEC-ERS and reported

in Section 3.2.1.4 was conducted in both the 41-09-39

borehole and in the 299-W23-19 borehole. This spe-

cial logging consisted. of moisture, temperature, and

neutron capture gamma spectroscopy logs. Moisture

distribution was logged using a neutron moisture probe

to assess the distribution of water throughout the vadose

zone in both boreholes. Water in the vadose zone

provides the mobilizing force to transport contami-

nants to the groundwater. Temperature logs were

obtained in single-cased portions of both boreholes,

and borehole wall temperatures were logged in 41-09-39

as the borehole was decommissioned. Temperatures

were taken using a side-looking infrared instrument

so that the temperatures representxhe casing or

borehole wall conditions and not the air inside the

casing. The results of the temperature log of 41-09-39

are presented in Figure 3.2-1. The temperature distri-

bution corresponds to an increase in gamma activity as

seen on the gross gamma-ray log and to the distribution

of radionuclides as determined by laboratory measure-

ments (see Section 3.2.1,1).

Other geophysical logs were run in both bore-

holes, including spectral gamma, using a high-purity

germanium (HPGe) tool and a neutron capture spec-

troscopy log. This latter log is generated by exciting

formation elements with neutrons from a californium

source and measuring gamma-ray energies emitted

following excitation. These spectra are then analyzed

to provide a distribution of specific elements. The

tool was developed for Idaho National Engineering

and Environmental Laboratory and is calibrated for

chlorine only; providing only a relative abundance of

other elements.

Figure 3.2-2 shows the neutron-gamma capture

spectroscopy log from borehole SX-115. An attempt

was made to use the tool to assess sediment dragdown

during drilling operations by salting the borehole with

gadolinium sand. The sand was added to the bore at

-49 meters and then the bore was deepened normally.

Unfortunately, the sand was added too rapidly and it

bridged in the casing, so that the results represent some

dragdown as well as some smearing inside the casing.

Figure 3.2-2 shows the gadolinium distribution in the

borehole as indicated by the neutron-gamma log. The

hydrogen log in Figure 3.2-2 shows very fine changes

in what is interpreted to be water content in the Han-

ford formation, as well as a major change in water con-

tent as the borehole passed through the Plio-Pleistocene

Unit into the Ringold Formation. The high calcium

content at a depth of -47 meters reflects the calcium-

rich Plio-Pleistocene caliche layer. The response on

the 1778 keV log in Figure 3.2-2 is due to both alumi-

num and silicon.

3.2.1.4 Baseline Spectral Gamma-Ray
Logging at B and T Tank Farms

R. CJ. McCain

Baseline vadose zone characterization in single-

shell tank farms has been conducted by the U.S. Depart-

ment of Energy (DOE), Grand Junction Office and its

subcontractor, MACTEC-ERS, since 1995. By the

end of fiscal year 1999, tank summary data reports had

been issued for a11133 single-shell tanks with capaci-

ties of 2 million liters or greater (100 series tanks),

and tank farm summary reports had been issued for 11

of 12 single-shell tank farms. Results of the Tank Farms

Vadose Zone CharacterizatioaProgram are posted on

the Internet at: http://www.doegjpo.com/programs/

hanf/HTFVZ.html.

Baseline characterization measurements were com-

pleted at boreholes in the B and the T tank farms in

fiscal year 1999. A down hole, spectral gamma-ray

logging system was used for the characterization. Tank

summary data reports were published for each 100 series

tank in both farms and a comprehensive report was

publishedfor the T Tank Farm (GJO-HAN-27). A

similar report is in preparation for B Tank Farm. ^
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Also during fiscal year 1999, a high rate logging

system was developed and deployed to quantify high

levels of radionuclides in zones where the spectral

gamma logging system detector saturated. Highmte

logging operations will be completed in fiscal year

2000. This will complete the baseline vadose ione

characterization logging for single-shell tank farms.

Spectral Gamma-Logging Methods and Procedures

A description of the system used by the DOE,

Grand Junction Office and MACTEC-ERS during

spectral gamma-ray logging of the single-shell tank

farms is presented in PNNL-13080. The spectral

gamma logging system data were collected in accor-

dance with procedures documented in MAC-VZCP

1.7.10-1, Rev 2 and analyzed in accordance with MAC-

VZCP 1.7.9, Rev 1. Details on other aspects of the

project are provided in MAC-VZCP-1.7.2, Rev. 1;

MAC-VZCP-1.73, Rev. 1; MACVZCP-1.7.4, Rev. 1;

and P-GJPO-1779, Rev. 1.

Spectral gamma-ray logging of all single-

shell tanks with capacities greater than 2 miL

lion liters was completed in fiscal year 1999.

Results of the 1995 to 1999 logging are a

baseline for future logging in the tank farms.

The spectral gamma-ray logging system was initially

calibrated at the DOE, Grand Junction Office Bore-

hole Calibration Facility (GJPO-HAN-1). Continu-

ing calibration measurements were made at the Hanford

Site calibration facilities, and the most recent calibra-

tion (October 1998) is documented in GJO-HAN-26.

The tank farm vadose zone monitoring networks

consist of steel-cased boreholes (also known as drywells)

arranged around the perimeter of each tank. Most

of the single-shell tank monitoring networks were

installed in the late 1960s and early to mid-1970s.

The borehole depths range from -23 to 46 meters

below ground surface. Most are -30 meters deep.

Borehole diameters are typically 15.2 to 20.3 centime-

ters, although holes as small as 10.2 centimeters or as

large as 30.5 centimeters exist.

Borehole designations within the tank farm are

xx-yy-zz, where xx refers to the numerical tank farm

designation, yy refers to tlte tank number (06 is tank

106), and zz refers to the clock position of the bore-

hole relative to the tank, where 12 o'clock is north.

A borehole with the designation 50-06-05 is at the

5 o'clock position of tank T- 106. A borehole with the

designation 50-00-06 is in the T Tank Farm, is not

directly associated with any tank, and is at the approx-

imate 6 o'dock position on the tank farm perimeter.

All depths in the discussion of results are relative

to the top of the borehole casings.

Spectral Gamma-Ray Logging Results at 8 Tank Fann

By the end of fiscal year 1999, all tank summary

data reports were completed for the twelve 100 series

tanks in the B Tank Farm. These reports are pub-

lished as GJ-HAN-112 through GJ-HAN-114 and

GJ-HAN-125 through GJ-HAN133. Tank summary

data reports were not prepared for the four 200 series

tanks because there are few boreholes in the vicinity

of those tanks. The tank farm report for B Tank Farm

is in preparation and will be published by March 2000.

Figure 3.2-3 shows the layout of tanks and boreholes for

B Tank Farm. Tanks that are assumed to have leaked

are indicated by shading. Borehole depths range

from 18.3 to 48.5 meters; most are -30.5 meters deep.

Spectral gamma-ray baseline logging in the B Tank

Farm identified cesium-137, cobalt-60, europium-152,

and europium-154. In the following discussions both

europium-152 and -154 generally will be consid-

ered as europium-154 because this isotope occurs at

greater activity levels and is more widespread than

europium-152. The two isotopes are chemically identi-

cal and would be expected to have the same migration

characteristics. Copies of all logs can be found in the
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individual tank summary data reports, and log data will

be posted on the internet afthe DOE, Grand Junction

web site.

Cesium-137 was found at ground surface and at

shallow depths over much of theB Tank Farm, appar-

ently as the result of surface spills and pipeline leaks.

Cesium-137 associated with previous leaks from tanks

B-110, B-111, B-107, B-105, and B-101 was encoun-

tered at depths between 17.4 and 26.5 meters.

Cobalt-60 was identified in boreholes associated

with tanks B-101, B-105 and B-110. Europium-154

was detected in the area between tanks B-107 and

B-104 and appears to be associated with a leak from

tank B-107. Minor amounts of europium-154 were

also detected in boreholes at tanks B-101 and B-110.

Anomalously high gross gamma counts, which

could not be attributed to a specific isotope, were

detected at depths of 21 to 25 meters in 3 boreholes to

the northeast of tank B-110 (boreholes 20-10-02,

20-07-11,and 20-08-07). Examination of spectra

within this depth interval shows an anomalously large

amount of incoherent gamma energy in the Compton

continuum. This suggests the presence of one or more

beta-emitting radionuclides, such as strontium-90, in

the vicinity of the boreholes. This zone extends at

least 25 meters northeast of tank B-110 because it is

encountered in borehole 20-08-07. An extensive

zone of detector saturation was encountered from 7.6

to 30.5 meters in borehole 20-10-12, located immedi-

ately north of tank B-110. The thick interval of very

high activity suggests this borehole is very close to the

source of the contamination. Review of drilling

records and historical gross gamma data indicates that

the borehole encountered contamination beginning at

-7.6 meters when it was drilled in July 1973, indicat-

ing that the leak pre-dates the borehole. The leak

may have been from the cascade line between tanks

B-110 and B-111 or from tank B-110. Strontium-90

(inferred from the gamma-ray spectra) from this leak

extends to depths of at least 25 meters and laterally at

least 25 meters to the northeast.

Borehole geophysical data suggest that a leak also

may have occurred on the southern side of tank B- 106

prior to 1972. A contaminant zone at 14.3 to

17.1 meters in borehole 20-60-06 was observed when

the borehole was drilled. This zone may be as much as

5 meters thick, based on samples obtained during drill-

ing. Originally, the leak was attributed to tank B-105;

however, it appears more likely that the contamina-

tion originated from tank B- 106 based on subsurface

contaminant distribution). Although, the possibility

of a cascade line leak cannot be completely ruled out,

the presence of contamination beginning 2 to 3 meters

below the base of the tank excavation is very sugges-

tive of a leak from tank B-106.

Spectral Gamma-Ray Logging at T Tank

Farm

During fiscal year 1999, tank summary data

reports were completed for ten of the twelve 100 series

tanksin the T Tank Farm. These are published as

GJ-HAN-115 through GJ-HAN-124. Tank summary

data reports for the remaining two tanks (T-107 and

T-110) were completed in 1995 (GJPO-HAN-1 and

GJ-HAN-2). Tank summary data reports were not pre-

pared for the four 200 series tanks because there are

few boreholes near those tanks. The tank farm report

for T Tank Farm was completed in fiscal year 1999

and published as GJO-HAN-27. Figure 3.2-4 shows

the layout of tanks and boreholes for the tank farm.

Tanks that are assumed to have leaked are indicated

by shading. Borehole depths range from 26.5 to

76.8 meters; most are -30.5 meters deep.

Two factors affect evaluation of both historical

gross gamma data and spectral gamma-ray data for the

T Tank Farm. First, the existing 15.2-centimeter cas-

ing in most boreholes was perforated near the bottom

and top, and a 10.2-centimeter casing was installed

with grout between the two casings. This was done in

the 1970s to minimize the movement of near-surface

contamination along the outside of the borehole cas-

ings. The retrofitted annular seals resulted in signifi-

cant attenuation of gamma rays reaching the detector
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so that the spectral gamma logging system had to

double the count time from 100 to 200 seconds per

measurement during 19991ogging. Observed count

rates could be corrected for the effects of two casing

thicknesses, but the attenuation associated with an

unknown thickness of grout cannot be accounted for

in the analysis. For this reason, most reported concen-

trations from the T Tank Farm probably are less than

actual concentrations and, therefore, are considered as

apparent concentrations. Also, the attenuation asso-

ciated with the double-cased intervals precludes the

use of shape factor analysis to identify the location of

contamination with respect to the borehole.

The second factor affecting the evaluation of the

logs is the periodic flooding of the T Tank Farm. The

farm is located in a natural depression that tends to

pond surface runoff so that surface flooding occurs as a

result of rapid snowmelt and/or excess precipitation.

Infiltration of this water may have carried contamina-

tion down the outside of borehole casings or may have

drained and deposited contamination on the inside of

some boreholes.

Baseline spectral gamma logging in the T Tank

Farm identified cesium-137, cobalt-60, europium-154,

and europium-152. As for the B Tank Farm, europium

will be discussed in terms of europium-154 because

this isotope occurs at greater concentrations and is

more widespread than europium-152. Limited and

relatively isolated occurrences of antimony-125,

niobium-94, tin-126, uranium-235, and umnium-238

were detected around several boreholes. Copies of all

logs can be found in the individual tank summary data

reports, and log data are posted on the internet at the

DOE, Grand Junction Office web site.

Near-surface and shallow subsurface cesium-137

contamination was detected primarily in the central

portion of the T Tank Farm. This contamination

resulted most likely from surface spills or leaks from

piping systems that were related to routine tank farm

operations. The highest near-surface cesium-137 coft.

centration was -105 pCi/g and was detected in the

backfill material between tanks T-104 and T-107.

The thickest, near-surface distribution of cesium-137

(-8 meters) was also detected in this region around

boreholes 50-04-03 and 50-04-07 (Figure 3.2-5), sug-

gesting a relatively large spill or that several spills or

leaks may have occurred in this area. Small, near-

surface cesium-137 concentrations detected at

-6 meters in boreholes 50-06-03, 50-06-04, 50-06-18,

and 50-06-05 may be the result of a transfer-line leak

near the southeastern side of tank T-106.

A vertically continuous cesium-137 zone, with

concentrations between 1,000 and 10,000 pCi/g, was

detected near the southeastern side of tank T-101 near

borehole 50-01-04 (see Figure 3.2-5). The zone extends

from 6 meters to the bottom of the logged interval at

37.3 meters. This;one is probably the result of a leak

through a spare fill line that occurred in 1969 when

the tank was overfilled. The horizontal extent of this

zone is poorly defined, as it was only detected in one

borehole. Available data suggest the lateral extent is

less than -8 meters because it is not encountered in

adjacent boreholes, but the vertical extent is unknown

because the zone extends below the bottom of the

borehole (37.3 meters).

Cobalt-60, up to -10 pCi/g, and europium-154,

up to -12 pCi/g, were identified near the southern side

of tank T-101 in borehole 50-01-06 (see Figure 3.2-5).

Previous investigations suggested that the contamina-

tion originated from the vicinity of borehole 50-01-04

and that the probable source was a leak from the spare

fill lines on tank T-101. Evaluation of historical gross

gamma data suggests that the cobalt-60 may have

migrated laterally in a southwesterly direction from

borehole 50-01-06 to boreholes 50-04-10 and 50-04-08

between 1973 and 1976. The baseline logging effort

identified cobalt-60 at concentrations up to -1 pCi/g

in the latter two boreholes. However, this does not

preclude that the contamination detected in bore-

holes 50-04-08 and 50-04-10 originated from the

T-1061eak. It is also possible that the observed con-

tamination originated from both sources.

Cesium-137, up to -300 pCi/g, was detected near

the western side of tank T-101. This contamination
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was present in 1973 when the borehole was drilled

and may have resulted from a leak in the cascade line

connecting tanks T-101 and T-102.

Cesium-137 and cobalt-60 were detected near the

southeastern side of tank T-102 around borehole

50-02-05 (see Figure 3.2-5). This contamination was

present when the borehole was drilled in 1974 and

probably resulted from a leak in the spare fill lines.

Tank T-102 is not designated as an assumed leaker,

but a leak from the spare fill lines is possible because

leaks are known to have occurred at the other two

tanks in the cascade series as a result or overfilling.

Cobalt-60 and europium-154 were detected along

the southeastern and southern sides of tank T-103

around boreholes 50-03-04, 50-02-08, 50-03-05, and

50-03-06. This contamination is attributed to a leak

from the spare fill line on the southeast side of the

tank. Evaluation of spectral gamma logging system

data and historical gross gamma data suggest that con-

tamination has migrated downward and laterally to

the south, and that it has intermingled with the con-

taminant plume from the T-106 tank leak.

A broad plume of contamination was detected

below -10 meters in all of the boreholes on the east-

ern, western, and southern sides of tank T- 106. This

contamination is the result of a major leak from tank

T-106 that occurred in 1973. The primary constitu-

ents are cesium-137, cobalt-60, europium-154, and

europium-152 with lesser amounts of antimony-125,

tin-126, uranium-235, and uranium-238. Figure 3.2-6

shows representative logs from the area.

Zones ofextremely high gamma radiation flux were

encountered around most of the boreholes that inter-

sected this plume. The intense gamma flux caused

saturation of the spectral gamma logging system detec-

tor in the core of the plume, yielding little useful data.

High-mte logging of these boreholes is scheduled for

fiscal year 2000. The rate of decrease in gamma activity

observed on historical gross gamma logs indicate that

cesium-137 is the predocninant remaining gamma-

emitting radionuclide. This is consistent with total

activity reported in RHO-ST-14 that indicated the leak

contained -40,000 curies of cesium-137, 14,000 curies

of strontium-90, and 270,000 curies of radionuclides

with half-lives of less than 3 years (99% of which was

attributed to ruthenium-105). The highest gross gamma

count rates were measured on the southeastern side of

tank T-106 in boreholes 50-06-05 and 50-06-17

between 10 and 12.8 meters. This suggests that the

leak probably originated at or near the bottom of the

tank in this area. (The bottom of tank T-106 is at

12.2 meters.) Substantial contamination was encoun-

tered to the total depth logged in all but one borehole

(50-06-18) in the area. Therefore, the maximum depth

of contamination is not known. Spectral gamma log-

ging system data from nearby borehole 50-06-05 (see

Figure 3.2-6) indicate that cesium-137 has migrated to

a depth of at least 36.3 meters. Freeman-Pollard

(BHI-00061) reported the leading edge of the plume

(as indicated by cobalt-60) to be at 36.8 meters with

small amounts of the most mobile radionuclides

(technetium-99) reaching 44.2 meters in borehole

50-06-18, also called borehole 299-W10-196

(BHI-00061).

3.2.2 200 Areas Monitoring Activities

Vadose zone monitoring in fiscal year 1999

included spectral gamma-ray logging at specific reten-

tion facilities in the 200 East Area, which are some of

the most significant remaining potential sources of

groundwater contamination. Also, remediation and

monitoring of carbon tetrachloride in the 200 West

Area continued during 1999. An additiona1832 kilo-

grams of carbon tetrachloride were removed from the

vadose zone in fiscal year 1999.

3.2.2.1 Carbon Tetrachloride Monitoring and

Remediation

V. J. Rohay, D. G. Horton

Soil-vapor extraction is being used to remove car-

bon tetrachloride from the vadose zone in the 200 West

Area. The U.S. Environmental Protection Agency

and the Washington State Department of Ecology

authorized DOE to initiate this remediation in 1992 as

a Comprehensive Environmental Response, Compensation,
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and Liability Act of 1980 (CERCLA) expedited response

action. The primary focus in the following discussion

is on fiscal year.1999 activities associated with the

carbon tetmchloride removal. For descriptions of past

work, see BHI-00720, Rev. 3 and Section 4.5 in

PNNL-12086.

The 14.2 m'/min soil-vapor extraction system

operated from March 29 through June 28, 1999, at the

216-Z-9 well field and from June 30 through Septem-

ber 30, 1999, at the combined 216-Z-1A/-12/-18 well

field. (See PNNL-13080 for location maps of the well

fields.) The system was shut down for the winter

(October 1, 1998, through March 28, 1999). The 28.3

and 42.5 m'/min soil-vapor extraction systems were

maintained in standby mode during fiscal year 1999.

Remediation of carbon tetrachloride in

the 200 West Area vadose zone continued

in fiscal year 1999. Over 76,000 kilograms

of carbon tetrachloride have been removed

by soil-vapor extraction since the system

began operating in 1992.

To track the effectiveness of the remediation

effort, soil-vapor concentrations of carbon tetrachloride

were monitored at the inlet to the soil-vapor extrac-

tion system and at individual on-line extraction wells

during the 6-month operating period. To assess the

impact of non-operarion of the soil-vapor extraction

system, soil-vapor concentrations of carbon tetrachlo-

ride were monitored at off-line wells and probes dur-

ing the entire fiscal year.

Monitoring atfhe Soil-Vapor Extraction System

Soil-vapor extraction to remove carbon tetrachlo-

ride from the vadose zone resumed March 29, 1999, at

the 216-Z-9 well field. Initial on-line wells were

selected close to the 216-Z-9 trench. As extraction

continued, wells farther away from the crib were

brought on-line. Each selection of on-line wells

included wells open near the groundwater and wells

open near the less-permeable Plio-Pleistocene zone,

where the highest carbon tetrachloride concentrations

have consistently been detected. Initial carbon tetra-

chloride concentrations measured at the soil-vapor

extraction inlet were -90 ppmv (Figure 3.2-7). After

3 months of extraction, concentrations had decreased

to -30 ppmv. The daily mass-removal rate increased

significantly twice during the 3 months of extraction

as a result of adjustments in the mix of on-line wells

and the flow rate (see Figure 3.2-7).

Soil-vapor extraction resumed June 30, 1999, at

the 216-Z-lA/-12/-18 well field. Extraction wells

open near the Plio-Pleistocene Unit were selected

withinthe 216-Z-lA tile field to optimize mass removal

of contaminant. Initial caibon tetrachloride concen-

trations measured at the soil-vapor extraction inlet

were -40 ppmv. After 3 months of extraction, con-

centrations had decreased to -25 ppmv. The daily

mass-removal rate increased significantly twice during

the 3 months of extraction as a result of adjustments

in the mix of on-line wells and the flow rate (see

Figure 3.2-7).

During 185 days of soil-vapor extraction in fiscal

year 1999, 832 kilograms of carbon tetrachloride were

removed from the vadose zone. Of this total, 447 kilo-

grams were removed from the 216-Z-9 well field during

93 days of operation and 385 kilograms were removed

from the 216-Z-1A/-12/-18 well fieldduring 92 days of

operation.

As of September 1999, -76,500 kilograms of car-

bon tetrachloride had been removed from the vadose

zone since extraction operations started in 1992 (see

Table 3.2-6). Since initiation, the extraction systems

are estimated to have removed 796 of the residual mass

at the 216-Z-1A/-12/-18 well field and 22% of the

mass at the 216-Z-9 well field. This estimate assumes

that all of the mass that has not been lost to the atmos-

phere (21% of the original inventory), dissolved in

groundwater ( 2% of the original inventory), or biode-

graded ( 1% of the original inventory) is still available

in the vadose zone as residual mass (BHI-00720, Rev. 3;

WHC-SD-EN-TI-101).
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Monitoring at Off-Line Wells and Probes

During October 1998 through March 1999, soil-

vapor concentrations of carbon tetrachloride were

monitored near the groundwater and near the ground

surface to assess whether non-operation of the soil-

vapor extraction system was allowing carbontetmchlo-

ride to migrate out of the vadose zone. The maximum

concentration detected near the ground surface

(between 2 and 10 meters below ground surface) was

8 ppmv. Near the groundwater, at depths ranging

from 58 to 64 meters below ground surface, the maxi-

mum concentration was 29 ppmv.

Soil-vapor concentrations were also monitored

near the Plio-Pleistocene Unit to provide an indication

of concentrations that could be expected during restart

of the soil-vapor extraction system. The maximum

concentration detected near the Plio-Pleistocene Unit

(between 25 and 41 meters below ground surface) was

561 ppmv in well 299-W15-217 (35 meters deep) at

the 216-Z-9 site. During fiscal year 1997 and fiscal

year 1998 monitoring, the highest carbon tetrachlo-

ride concentrations were also detected in this well.

These results, after 6 to 9 months of non-operation of

the soil-vapor extraction system, are similar to those

obtained during the 8-month rebound study conducted

in fiscal year 1997 (BHI-01105) and during the

6 months of non-operation during the winter of fiscal .

year 1998 (BHI-00720, Rev. 3).

During April through June 1999, soil-vapor moni-

toring was continued at the 216-Z-1A/-12/-18 well

field, while the soil-vapor extraction system was oper-

ated at the 216-Z-9 site. Concentrations detected dur-

ing these additional 3 months of rebound were similar

to those observed during the previous 6 months. Near

the Plio-Pleistocene Unit, maximum concentrations

ranged from 0 to 492 ppmv. The highest concentra-

tion was detected in wel1299-W 18-158L (37 meters

deep) in the 216-Z-1A tile field, the well at which the

highest concentration was detected during the fiscal

year 1998 monitoring. These results were obtained

after 9 months of rebound and are similar to those

obtained during the 8-month rebound study conducted

in fiscal year 1997 (BHI-01105 ).

During July through September 1999, soil-vapor

monitoring was resumed at the 216-Z-9 site while the

soil-vapor extraction system was operated at the

216-Z-1A/-12/-18 site. The highest concentration

detected near the ground surface was 4 ppmv and the

highest concentration detected near the groundwater

was 24 ppmv. Themaximum concentration detected

was 267 ppmv at the Plio-Pliestocene Unit in well

299-W15-217. These results were obtained after only

3 months of rebound.

Because carbon tetrachloride concentrations did

not increase significantly at the near-surface probes

monitored in fiscal year 1999, temporarily suspending

operation of the soil-vapor extraction system for 6 to

9 months appears to have caused minimal detectable

vertical transport of carbon tetrachloride through the

soil surface to the atmosphere. Because carbon tetra-

chloride concentrations did not increase significantly

near the water table during this time, temporarily sus-

pending operation of the soil-vapor extraction system

appears to have had no negative impact on groundwa-

terquality.

Carbon Tetrachloride Migration

Three major pathways through the vadose zone to

groundwater are possible:

• sinking and lateral spreading of a heavier-than-

air vapor phase down to the top of the aquifer

• transport of an organic liquid phase, or dense,

non-aqueous-phase liquid, down through the

vadose zone over time, which eventually reaches

the water column, dissolves, and settles through

the saturated zone to an unknown depth

• transport of carbontetmchloride dissolved in the

aqueous phase either through disposal of aqueous

waste or by contact between infiltrating recharge

and carbon tetrachloride soil vapor and/or residual,

dense, non-aqueous-phase liquid (WHC-SD-EN-

TI-248).

A schematic representation, or conceptual model,

of the subsurface behavior of carbon tetrachloride

beneath the 216-Z-9 trench is shown in Figure 3.2-8.
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A numerical model was developed (BHI-00459)

to simulate the primary transport processes shown in

Figure 3.2-8, using localstmtigmphy and published

input parameters for the source term and soil proper-

ties. Results of initial simulations suggested that over

two-thirds of the discharged carbon tetrachloride

would be retained in the soil column and that a dense,

non-aqueous-phase liquid would continue to drain

slowly through the vadose zone and be transported

into the underlying aquifer for years into the future.

The initial modeling results indicated that the dense,

non-aqueous-phase liquid dissolved in the groundwater

and the depth of penetration was dependent on the

groundwater flow rate. Additional modeling is needed

to assess the influence of effective porosity and ground-

water velocity. Nevertheless, the modeling results

support the conceptualization of the liquid-phase

transport illustrated in Figure 3.2-8. The vapor-phase

results were less definitive but suggested that vapor-

phase transport is secondary to dense, non-aqueous-

phase liquid as a groundwater contamination pathway

in the vicinity of the disposal site.

Field measurements. of carbon tetrachloride vapor

concentrations are not completely consistent with the

numerical modeling results. If a major fraction of the

carbon tetrachloride originally discharged to the

216-Z-9 trench were still present in the soil column as

a non-aqueous phase, arelativelyhigh soil-vapor con-

centration would be expected. For example, a pure,

non-aqueous, carbon tetrachloride, liquid phase in the

soil-pore space should result in a maximum soil-vapor

concentration of 120,000 ppmv at 20°C (DOE/RL-

91-32, Draft B). As a rule of thumb for soil saturated

with an organic contaminant, standard soil-vapor

extraction will produce a vapor stream containing

one-tenth to one-half the expected concentration

(EPA 510-R-93-001). Therefore, vapor-extraction

concentrations >12,000 ppmv of carbon tetrachloride

would indicate that the soil near the extraction well is

saturated with non-aqueous-phase liquid.

During initial extraction operations at the

216-Z-9 well field, soil-vapor carbon tetrachloride

concentrations extracted from wells open above the

Plio-Pleistocene Unit were >12,000 ppmv, suggesting

the presence of a non-aqueous phase. Soil vapor

extracted from wells open below the Plio-Pleistocene

were an order of magnitude lower and would not sug-

gest the presence of a non-aqueous-phase liquid. How-

ever, the depths and locations of the extraction wells

below the Plio-Pleistocene may not have been optimal

to detect the presence of a non-uniformly distributed

contaminant, and the presence of a non-aqueous-

phase liquid cannot be ruled out.

During the soil-vapor monitoring of rebound con-

centrations conducted in fiscal year 1997 through 1999,

the carbon tetrachloride vapor concentrations moni-

tored deep within the vadose zone at the 216-Z-9

trench did not exceed 60 ppmv. These low vapor

concentrations do not indicate the presence of a non-

aqueous-phase liquid remaining in the vadose zone

below the Plio-Pleistocene Unit; however, these meas-

urements were not taken directly under the 216-Z-9

trench or at depth-discrete, narrow zones above the

water table. Although carbon tetrachloride volatiliz-

ing from a residual non-aqueous-phase liquid source

may have been diluted by the time the vapor reached

the sampling locations, the data suggest that soil-

vapor extraction may have removed much of the

remaining deep, vadose zone, non-aqueous-phase,

liquid source in the area of the 216-Z-9 trench and

that the continuing groundwater source may now be

within the aquifer (BHI-01105).

The apparent discrepancy between the numerical

modeling results and the field measurements may be a

result of

• non-uniform discharge, migration, and distribution

of the non-aqueous-phase carbon tetrachloride

• non-optimal locations for monitoring

• non-equilibrium partitioning of carbon tetrachlo-

ride within the vadose zone .

• discharge of carbon tetrachloride organic liquid

mixtures rather than pure phase liquids

• vadose zone geologic heterogeneities and geostruc-

tural dips.
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Vertical and areal distribution of dissolved carbon

tetrachloride discussed in Section 2.8.1.2 is consistent

with a dense, non-aqueous-phase, liquid transport

mechanism. If the numerical model predictions are

correct, for example, slowly dissolving carbon tetra-

chloride distributed with depth in the aquifer should

continue to emanate from the point of origin over

time, with the highest concentrations at the source,

and should result in dissolved carbon tetrachloride.

distributed with depth in the aquifer (BHI-00459). If

vapor-phase transport was a primary pathway, the top

of the aquifer should have the highest concentrations

and should decline rapidly with depth over a l- to

2-meter interval.

The carbon tetrachloride plume map and vertical

profiles discussed in Section 2.8.1.2 suggest there is a

continuing source of groundwater contamination that

produces somewhat uniform carbon tetrachloride con-

centrations with depth in the aquifer. A dense, non-

aqueous-phase liquid that drained from the vadose

zone into the aquifer and is slowly dissolving could

produce such a pattern. One alternative explanation for

the depth-distribution pattern is that a secondary source

of water passing near or through an area containing a

dense, non-aqueous-phase liquid and soil-vapor carbon

tetrachloride could absorb this slightly soluble chlori-

nated hydrocarbon and carry it into the aquifer under

saturated flow conditions. This would theoretically

drive the contaminated water deep into the aquifer.

The continuing presence, 35 years after termina-

tion of disposal operations, of relatively high, dissolved,

carbon tetrachloride concentrations in groundwater in

the immediate vicinity of the 216-Z-9 trench suggests

that a dense, non-aqueous-phase liquid is slowly dis-

solving within the aquifer. Although this liquid phase

may be slowly draining from the vadose zone to ground-

water, the soil-vapor concentrations monitored deep

within the vadose zone during fiscal year 1997 through

1999 suggest that soil-vapor extraction remediation

may have removed much of the vadose zone source

and that the continuing groundwater source resides

within the aquifer. Carbon tetrachloride concentrations

in the soil vapor and underlying groundwater do not

appear to be in equilibrium, and the expected direc-

tion of carbon tetrachloride migration is from the

groundwater to the vadose zone (BHI-01 105).

Carbon tetrachloride rebound concentrations

indicate that, in many areas much of the readily acces-

sible mass has been removed during soil-vapor extrac-

tion operations and that the supply of additional carbon

tetrachloride is limited by desorption and/or diffusion

from contaminant sources (e.g., lower-permeability

zones such as the lower Hanford formation silt, Plio-

Pleistocene Unit). Under these conditions, the removal

rate of the additional carbon tetrachloride using soil-

vapor extraction is controlled by the desorption and

diffusion rates of the contaminant.

3.2.2.2 Rapid Scan Gross Gamma-Ray

Logging at Single-Shell Tank C-106

D. G. Horton, S. E. Kos

Waste removal operations (sluicing) at single-

shell tank C-106 were initiated inNovember 1998.

Waste ManagemenrFederal Services, Inc., Northwest

Operations collected sodium iodide gross gamma log-

ging data at tank C-106 on a monthly basis from Feb-

mary to September 1999 in support of the operations.

Six boreholes were logged. Figure 3.2-9 shows the

locations of the boreholes logged. The logs did not

show any contribution to vadose zone contamination

resulting from the sluicing operations during the months

that log data were collected. Figures 3.2-10 and 3.2-11

show typical data from boreholes 30-06-02 and 30-06-03.

The small variation among the gross gamma logs is

due to the presence of radon gas and to statistical pre-

cision of the logging system. Levels of radon, from the

decay of naturally occurring uranium in the sediment,

Waste from a single-shell tank in the

C Tank Farm was sluiced to remove radionu-

clides and reduce in-tank temperature during

fiscal year 1999. Geophysical logging indi-

cated no additional vadose zone contamina-

tion resulted from sluicing aitivities.
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increase inside the borehole casings during periods of

low barometric pressure. This increase of radon causes

a larger gross gamma count rate during periods of low

atmospheric pressure than during periods of high

atmospheric pressure.

The only borehole to show any significant devia-

tions during the period from February to September is

borehole 30-06-03 (see Figure 3.2-11). A thin zone at

a depth of -1 to 2 meters shows large month-to-month

variations in gross gamma count rate. There is no pat-

tern, such as continual increase or decrease in count

rate, to the variations, and a reason for the variations

is not known. In February, water from an undeter-

mined source was standing in the bottom of borehole

30-06-03 ar-26 meters. The monthly logging moni-

tored the decrease in the water level until the water

dropped below the bottom of the borehole in Septem-

ber 1999. The variation in gross gamma count rate

near the bottom of the plot in Figure 3.2-11 is due to

the decreasing water level. The variation in count rate

at the 1- to 2-meter zone and the water in the bottom

of the borehole are probably not related.

3.2.2.3 Spectral Gamma-Ray and Neutron
Moisture Monitoring of 200 East Area Specific
Retention Facilities

D. G. Horton

The Hanford Groundwater Monitoring Project

monitored 25 inactive liquid waste disposal facilities

in the 200 East Area of the Hanford Site in 1999.

The monitored facilities consisted of 6 cribs and 19

specific retention facilities. Specific retention facili-

ties were chosen for monitoring because they are among

the highest priority sites as determined by an evalua-

tion of past-practice, liquid waste disposal facilities

(PNNL-11958, Rev. 2). Specific retention facilities

were liquid waste disposal sites designed to use the

moisture retention capability of the soil to retain con-

taminants. Ideally, liquid disposed to specific retention

facilities was to be limited to 6% to 10% ofthe soil

volume between the facility and the groundwater so

that the liquid would be retained in the soil and not

reach the groundwater (WHC-MR-0227). No such

limits were imposed at normal cribs and trenches. The

relatively small volumes of liquid discharged to spe-

cific retention facilities was probably insufficient to

flush contaminarus through the vadose zone to ground-

water such that the discharged contaminants remain

in the soil column. Thus, these sites represent poten-

tial sources for future contamination of groundwater

at the Hanford Site.

Geophysical monitoring of the vadose

zone beneath 25 inactive waste sites in the

200 East Area showed movement of

cesium-137 and cobalt-60 beneath two

facilities. Given the rate ofmovement and

the half-lives of these contaminants, they

are expected to decay before reaching

groundwater.

Monitoring consisted of spectral gamma-ray and

neutron moisture logging of28 wells and boreholes.

The work was done by the Hanford Groundwater Moni-

toring Project within the Pacific Northwest National

Laboratory in conjunction with Three Rivers Scien-

tific and Waste Management Federal Services, Inc.;

Northwest Operations. The 1999 monitoring was

designed to address the question "What is the configu-

ration of subsurface contamination beneath the facili-

ties and hasxhe contaminant distribution changed

since it was last measured?" The results of previous

borehole logging, where available, provided the base-

line data to help answer this question.

This section briefly discusses the monitoring

activities. A more detailed discussion can be found in

PNNL-13077.

Facility Descrlpfiions and Previous Monitoring

The facilities monitored infiscal year 1999 can be

placed into three groups based on geographic location

and the type of effluent received. The three groups are

• Plutonium-Uranium Extraction (PUREX) facilities

• BC controlled area facilities

• BX trenches.
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Table 3.2-7lists the facilities that were monitored

in each group. Figure 3.2-12 shows a map of the gen-

eral locations of the monitored facilities.

The PUREX facilities include the 216-A-2, -4,

and -7 specific retention cribs and the 216-A-18 spe-

cific retention trench. The 216-A-2 and -4 cribs are

located 80 meters south of the 202-A (PUREX) Build-

ing and are -46 meters apart. The 216-A-2 crib was

active between January 1956 and January 1963 when

it received 230;0001iters of low salt, neutral/basic

waste (RHO-CD-673).

The 216-A-4 crib was active from December 1955

to December 1958 when it received 6.2 million liters

of low salt, neutral/basic waste. Based on the volume

of effluent disposed to the crib and on estimates of the

pore volume in the sediment beneath the crib (DOE/

RL-92-04), the 216-A-4 crib does not appear to have

been operated as a specific retention facility.

The 216-A-7 crib is located inside the 200 East

Area perimeter fence extension, 100 meters east of the

A Tank Farm. The 216-A-7 crib was active between

November 1955 and November 1966, when it received

326,000 liters of low saltneutral/6asic waste. Based

on the volume of effluent disposed to the crib and on

estimates of the pore volume in the sediment beneath

the crib (DOE/RL-92-04), the 216-A-7 crib does not

appear to have been operated as a specific retention

facility.

The 216-A-18 trench is located 150 meters east

of AZ Tank Farm outside of the 200 East perimeter

fence. The specific retention trench was active from

November 1955 to January 1956, when it received

488,0001iters of depleted uranium waste from a cold

start-up run at 202-A Building (DOE/RL-92-04).

The BC controlled area is located south of the

200 East Area (see Figure 3.2-12) and includes the

216-B-14 through -19 cribs and the 216-B-23, -25

through -27, -30 through -33, -52, and -53A trenches.

The 216-B-14 through -19 cribsbperated between

January 1956 and December 1957 and each received

between 3.4 to 8.7 million liters of effluent. A com-

plete operating history for each crib is given in DOE/

RL-92-05. The cribs received high salt, neutral/basic,

scavenged tributyl phosphate waste. DOE/RL-92-05

and RHO-CD-673 state that the BC controlled area

cribs were deactivated after specific retention capacity

was reached. However, comparing the volume defined

by the crib dimensions and the thickness of the vadose

zone with the volume of disposed effluent indicates

that the specific retention capability of the cribs was

exceeded.

The BC controlled area 216-B-23, -25 through

-27, -30 through -33, -52, and -53A trenches are

located south of the 200 East Area. Each trench was

active for 1 to 3 months between October 1956 and

January 1958, except the 216-B-58 trench that was

active from November 1965 to June 1967. A com-

plete operating history for each trench is given in

DOE/RL-92-05. The 216-B-23 through -33 and -52

trenches received high-salt, neuiral/basic scavenged

tributyl phosphate waste; the 216-B-53A trench

received neutral/basic waste from the Plutonium

Recycle Test Reactor in the 300 Area. Detailed inven-

tories for the BC controlled area facilities can be found

in DOE/RL-92-05.

The BX specific retention trenches (216-B-35,

-37, -38, -41, and -42) are located -60 meters west of

the BX Tank Farm. The trenches operated for 1 to

2 months each between February 1954 and February

1955. A complete operating history for each trench is

given in DOE/RL-92-05. The 216-B-37 trench received

first cycle bottoms from the 242-B waste evaporator;

the 216-B-42 trench received high-salt, neutral/basic

scavenged tributyl phosphate supematant waste from

the 221-U Building; and all other BX trenches received

high-salt, neutml/basic, first cycle supernatant waste

from the 221-B Building.

Methods

High-resolution gamma spectroscopy instrumen-

tation and a neutron moisture tool were used to log

the boreholes. Details concerning the logging methods,

^

^^ .
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data analysis, and data interpretation can be found in

PNNL-13080 and PNNL-13077. The data collection

and log analysis procedures are described in WMNW-

CM-004.

Four of the wells logged in 1999 were previously

logged with the high-resolution spectral gamma log-

ging instrument. Time-lapse comparison of spectral

log data was done for those boreholes. Interpretations

of contaminant redistribution were based on changes

among the data sets.

Historical gross gamma logs were compared with

the gross gamma logs collected by the spectral instru-

ment in 1999. The older logs were obtained with

instruments that were operated only in the gross gamma

mode. The detectors were typically scintillator crystal

detectors, which have poor energy resolution compared

to the high-purity germanium detectors used in the

1999 logging.

Differences in the detector composition and size

result in different efficiencies for the gross gamma

response. As a result, the comparison of older gross

gamma log results with the 1999 gross gamma response

was done qualitatively by plotting each log on a differ-

ent scale in the same plot. Also, because the scaling

factors are not known, no decay corrections were

attempted for any comparisons of older gross gamma

logs with 1999 gross gamma logs. However, changes

in the depth distribution of contaminants can some-

times be evaluated using the gross gamma time-lapse

comparison performed. . . .

All depths referred to in the following discussions

are relative to ground surface.

Rewhs

This section contains brief descriptions of the

Laboratory.

PIIRE2f Facilities. The isotopes cesium-137,

spectral gamma-ray and neutron moisture logging

results. A more detailed discussion is found in PNNL-

13077. The complete data set can also be found in

PNNL-13077 or on file at Pacific Northwest National

cobalt-60, europium- 154, uranium-235, and uranium-

238 were identified on the spectral gamma logs from

boreholes monitoring the PUREX specific retention

facilities. No previous spectral gamma logs are avail-

able for comparison to the 1999 logs, but several older

gross gamma logs exist: One gross gamma log obtained

in 1976 was digitized for comparison with the 1999

log (borehole 299-E24-53 at the 216-A-2 crib). The

presence of several manmade, gamma-emitting radio-

nuclides made the comparison very difficult, but the

two logs showed the same general character suggesting

no vertical movement of radionuclides (Figure 3.2-13).

Lateral movement cannot be ruled out by the com-

parison. Qualitative, visual (not digitized) comparisons

of the other 1999 gross gamma logs with historical gross

gamma logs, from the monitored PUREX facilities,

suggest that no vertical movement of radionuclides

has occurred since the previous logging events. Most

differences between historical logs and the 1999 logs

can be explained by decay of relatively short-lived

radionuclides.

BC Controlled Area Cribs and. Trenches. The

isotopes antimony-125, cesium-137, cobalt-60, and

europium- 154 were identified on the spectral gamma

logs from boreholes monitoring the BC controlled area

cribs and trenches. Three of the wells in this area had

been previously logged in 1992 with a spectral gamma

tool. The 1992 logs were compared with the 1999 logs.

In two of the three wells with both 1992 and 1999

logs, zones were identified where cesium-137 concen-

tration has increased since 1992. Cesium concentra-

tion increased by -20% between 20 and 27 meters in

well 299-E13-1, at the 216-B-14 crib, and by -32% at

-25 meters in wel1299-E13-5 (Figure 3.2-14), at the

216-B-18 crib. The movement of cesium-137 in well

299-E13-5 is interpreted to be lateral because there is

no change in cesium-137 concentration above and

below the zone of increase. The increase in cesium-137

concentration in wel1299-E13-1 could result from

vertical movement but more information is needed to

make a definite interpretation.
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There is an apparent increase in cesium-137

concentration between 7.3 and 8.5 meters in well

299-E13-3 at the216-B-16 crib, but the increase may

be the result of differences in the depths at which the

1992 and 1999 measurements were taken. Well

299-E13-1 also showed a small increase in cobalt-60

concentration between depths of 58 and 61 meters.

All three wells with 1992 data showed a decrease in

antimony-125 concentration that can be explained by

natural decay.

Historical gross gamma logs from two wells,

299-E13-2 and 299-E13-4 were digitized to allow com-

parison with 1999 gross gamma logs (Figures 3.2-15

and 3.2-16). Differences between the 1976 and 1999

logs can be explained by natural decay of relatively

short-lived radionuclides; the comparison, however, is

qualitative. Similarly, most ofxhe differences between

the 19991ogs and the other historical logs in ARH-

ST-156 reflect the decay of relatively deeper, short-

lived isotopes and the much slower decay of the

shallower and longer-lived isotopes.

BX Specific Retention Trenches. The isotopes

antimony-125, cesium-137, and cobalt-60 were identi-

fied on the spectral gamma logs from boreholes at the

BX specific retention trenches. The antimony-125

and cobalt-60 were identified only at or near detection

limits by the summing technique described in Appen-

dix A of PNNL-13077.

A 1984 gross gamma log from borehole 299-E33-

289 was digitized and compared to the 1999 gross

gamma results. The different instrument efficiencies

allow only qualitative comparison. The depth profile

of the contaminants match very well (Figure 3.2-17),

but possible depth control errors in the 1984 data make

any conclusion regarding vertical changes in contami-

nant distribution inconclusive. However, it is believed

that no vertical migration of contaminants has occurred

in the borehole since 1984.

One borehole at the BX trenches, 299-E33-290 at

the 216-B-38 trench, was previously logged with a

spectral gamma tool in 1992. Cesium-137 was the only

manmade radioisotope noted in both the 1992 and

19991ogs (Figure 3.2-18). Comparison of the 1992

and 1999 gross gamma logs indicated that a change in

the distribution of cesium-137 was highly unlikely.

Most of the qualitative differences between the 1999

logs and the historical logs from the BX trenches in

ARH-ST-156 reflect the decay of short-lived isotopes,

primarily ruthenium- 106.

Summary

Only four of the boreholes logged in 1999 had

previous spectral gamma logs for comparison. Two of

those logs showed that changes in the subsurface dis-

tribution of manmade radioisotopes had occurred

since 1992. Although the changes are not great, they

do point to continued movement of contaminants in

the vadose zone. The logs obtained in 1999 create a

larger baseline for comparison with future logs.

None of the facilities monitored in 1999 have

been used for at least 30 years and some for 40 years.

Thus, the driving force for the changes is not known

for certain but must be either natural recharge, residual

moisture from facility operations, or moisture from

adjacent facilities. There are several facilities, includ-

ing cribs and tank farms near the BX trenches, that

may contribute moisture to the subsurface under the

trenches. There are no nearby liquid waste disposal

facilities near the cribs and trenches in the BC con-

trolled area, so the driving force there must be residual

moisture from past operations or natural recharge.

The radionuclides that were observed to have

moved since 1992 are cesium-137 and cobalt-60. Given

the amount of movement and the half-lives of the iso-

topes, it is expected that they will decay to insignifi-

cant amounts before reaching groundwater. Although

not seen to have moved in 1999, the same is expected

for all of the other detected isotopes except those of

uranium.

Unfortunately, gamma-ray logging cannot detect

many of the contaminants of interest such as tech-

netium-99, nitrate, and iodine-129, all of which can
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be highly mobile in the vadose zone and, for the ra-

dionuclides, have long half-lives. The time series of

gross gamma logs given in ARH-ST-156 for many of

the specific retention facilities show large decreases in

gamma intensity between the late 1950s and 1976.

The maximum intensity is generally between a depth

of 10 and 20 meters. The rapid decay is probably due

to ruthenium-106 (half-life 1.02 years), and the

ruthenium-106 probably reached a maximum depth of

10 to 20 meters with the original slug of water disposed

in the short time (generally -1 month) the facilities

operated. Depending on the chemical characteristics

of the waste stream, the mobility of iodine-129 and

technetium-99, as gauged by experimentally deter-

mined Ks, is either near that of.or greater than that of

ruthenium-106. Thus, the minimum depth that

iodine-129, nitrate, and technetium-99 probably

reached during facility operation is indicated by the

depth of rapid ruthenium-106 decay. Subsequent

movement of the long-lived and mobile constituents

cannot be measured with the available geophysical

logging tools.
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Table 3.2-1. Composition of Sediment from Borehole 41-09-39 in SX Tank Farm

.Depth . . .

(mbgsy') Lithology

7.6,7.9 Very fine- to medium-grained sand

13.4-13.7 Medium-gmined sand

17.1-17.4 Very fine-grained sandy, clayey silt

18.6-18.9 Silty, very fine- co medium-grained sand

19.8-20.1 Fine- to medium-grained sand

19.8-20.1 Fine-grainedsand

21.0-21.3 Fine- to coatse-gmined sand

22.6-22:9 Fine- to medium-gmined sand

24.0-24.4 Silty, clayey sand

25.0-25.3 Fine- to medium-grained sand

27.4 Fine-gminedsand

29.0-29.3 Fine-grained sandy silt

31.1-31.4 Clayeysilt

32.9-33.2 Very fine- to fine-grained sand/silt

34.1 Very finer to medium-grained sand

38.8 Very fine- to fine-grained silty sand

(a) bgs = Below ground surface.

D' tM t sonDryS d' nt

Moisture Total Organic

Content Carbon Carbon Cesium-137 Europium-152 Cobalt-60

(wt. %) (wt. %) (wt. %) (pCi/g) (pCi/g) (pCi/g)

-8.12 0.16 0.06. 6.059E+02 <0.217 0.66 + 0.27

8.57 0.13 0.03 .1.113E+03 <0.103 <0.0262

16.27 0.18 0.03 2.600E+04 <1.03 <0.229

12.84 0.25 0.14 1.246E+05 <1.73 <1.79

4.71 0.27 0.13 6.258E+05 <39.2 <10.1

5.29 0.19 0.08 4.092E+06 <153 <41

436 0.23 0.07 9.493E+03 <0.148 <0.0349

5.17 0.25 0.08 2.342E+06 <65.4 <17.1

10.71 0.30 0.06 2.557E+06 <145 <25.6

8.41 0.31 0.03 1.759E+07 <2660 <1240

10.25 0.27 0.04 4.378E+04 <0.15 <0.041

8.12 0.28 0.06 3.825E+04 <1.03 <0.263

10.40 0.30 0.12 1.619E+06 <117 <28.2

12.01 0.45 0.28 3.374E+05 <7.19 <2.2

8.17 0.27 0.04 1.492E+-03 <0.0965 <0.0202

12.66 0.44 0.08 4.199E+03 <0.123 <0.0271

Table 3.2-2. Water Leachable Chemicals in Sediment from, Borehole 41-09-39 in SX Tank Farm

Specific

Depth Conductance Nitrate Sodium Technetium-99 Cesium-137 Chromium Selenium

(m bgs)^'^ pH (pS/cm) (µg/g soil) (µg/g soil) (pCi/g soil) (pCi/g soil) (µg/g soil) (µg/g soil)

7.6-7.9 8.4 188 13 32 0 N.D.W 5.0E-04 <5.00E-03

13.4-13.7 ^8.5 226 13 44 1 N.D. 2.9E-03 <5.00E-03

17.1-17-4 8.3 287 13 44 1 6.9 3.4E-03 <5.05E-03

18.6-18.9 8.6 355 13 90 1 9.6 8.1E-03 <5.00E-03

19.8-20.1 9.2 899 29 131 4 245 3.4E-01 <5.00E-03

19.8-20.1 9.8 504 18 232 8 3,974 3.4E-01 <5.00E-03

21.0-21.3 9.2 752 33 201 6 75 5.1E+00 <5.00E-03

22.6-22.9 9.6 719 44 201 8 261 41E+00 <5.00E-03

24.0-24.4 9.6 1,722 371 432 18 267 7.2E-01 <5.00E-03

25.0-25.3 8.70 8,293 2,838 2,343 393 38,150 7.5E+02 8.6E-02

27.4 8.33 41,820 28,036 12,515 2,749 ..221 7.1E+02 1.4E-01

29.0-29.3 7.9 41,010 32,770 11,899 7,076 747 2.6E+02 2.2E-01

31.1-31.4 8.0 41,910 31,656 12,581 6,140 9,665 5.3E+02 2.3E-01

32.9-33.2 8.1 56,480 42,488 19,095 11,897 1,636 4.8E+02 3.9E-01

34.1 8.1 42,770 32,822 12,600 8,560 6.3 1.8E+02 2.9E-01

38.8 7.9 16,550 12,813 1,889 334 6.3 1.1E-02 3.1E-02

( a) bgs = Below ground surface.

(b) ND = Not detected.

^
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Table 3.2-3. Acid Extractable Chemicals from Sediments from Borehole 41-09-39 in SX Tank Farm

Acid Extract
Technetium-99 Technetium-99 Uranium-238

Depth (pCi/g) (pCi/g) Radiolog- (pCi/g) Chromium Molybdenum Selenium
m b s (a1 ICP/MS(') ical Analvsis^°) ICP/MSro) (µg/g) (µ¢/¢) (Ftg/g)

7.6-7.9 <19.95 -47 0.14 6.5 7.89E-02 9.73E-02
13.4-13.7 <5.94 -5 0.23 6.0 4.01E-01. 1.23E-01
17.1-17.4 28 292 0.20 24.1 6.01E-01 9.39E-02
18.6-18.9 11 -18 0.21 130.3 2.00E-01 6.85E-02
19.8-20.1 26 -12 0.13 .803 1.03E+00 1.21E-01
19.8-20.1 (13 ± 4) 0 ± 22 0.13 69.5 3.99E-01 7.91E-02
21.0-21.3 <25.3 96 0.15 42.3 9.72E-01 1.09E-01
22.6-22.9 <35.3 12 0.15 122.0 1.50E+00 7.83E-02
24.0-24.4 2,400 3,006 0.15 597.4 1.08E+01 8.29E-02
25.0-25.3 1,088 ± 336 1,160 ± 280 0.21 1,458.6 1.28E+01 1.66E-01
27.4 3,241 3,586 0.15 1,277.8 5.23E+00 1.14E-01
29.0-29.3 7,618 7,468 0.16 710.7 1.71E+00 1.61E-01
31.1-31.4 12,979 13,036 0.21 1,169.6 439E+00 1.56E-01
32.9-33.2 13,766 13,877 0.19 783.9 2.29E+00 2.59E-01
34.1 9,840 9,906 0.12 298.5 4.39E-0I 2.16E-01
38.8 405 405 0.16 15.8 2.26E+00 5.10E-02

(a) bgs = Below ground surface.
(b) ICP = Inductively coupled plasma emission spectroscopy
(c) Rad = Radiological analysis.

Table 3.2-4. Estimates of Mobility of Cesium, Technetium, and Chromium in Samples from Borehole 41-09-39,
Based on the Percent of the Constituent Leached by Water

Depth
(m bgs)(a)

% Cesium-137 Leached
by Water Versus Total
Cesium in the Sediment

% Technetium-99 Leached
by Water Versus Total

Acid Extractable Technetium

% Chromium Leached
by Water Versus Total

Acid Extractable Chromium

7.6-7.9

13.4-13.7

17.1-17.4

18.6-18.9

19.8-20.1

19.8-20.1

21.0-21.3

22.6-22.9

24.0-24.4

25.0-25.3

27.4

29.0-29.331.1-31.4

32.9-33.2

34.1

38.8

NA >81 0.01
NA >16 .0.05
0.03 1.8 0.01
0.01 6.5 0.01
0.04 15.8 0.43
0.10 60.1 0.50
0.79 >22 11.97
0.01 >22 3.35
0.01 0.8 0.12
0.22 36.1 51.09
0.50 84.8 55.71
1.95 92.9 36.63
0.60 47.3 45.14
0.48 86.4 61.34
0.42 87.0 58.73
0.15 82.4 0.07

(a) bgs = Below ground surface.
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Cesium Technetium Chromium

Depth In Situ K, . In Situ Kd In Situ Ka

(m bgs) ca) ^ . (mL/R') (mL/g) (mL/g)

7.6-7.9 ND(b) <130 13,059

13.4-13.7 ND(b) 5.17^^ 2,090

17.1-17.4 3,772 54.97 7,047

18.6-18.9 13,017 14.44 15,994 ^ . ^

19.8-20.1 2,554 5.33 234

19.8-20.1 1,030 0.66 201

21.0-21.3 127 3.58 7.4

^ . 22.6-22.9 8,989 3.58 28.8

24.0-24.4 9,589 131.22 832

. 25.0-25.3 461 1.77 1.0 ^ .

27.4 199 0.18 0.8

29.0-29.3 51 0.08 1.7

31.1-31.4 168 1.11 1.2

32.9-33.2 206 0.16 0.6

34.1 237 0.15 0.7 . . ^

38.8 53,262 0.21 1,377

(a) bgs = Below ground surface.

(b) ND = Not detected.

Table 3.2-6. Carbon Tetrachloride Inventory in Primary Disposal Sites

. ^. . Mass Removed Using

Estimated Mass Estimated Mass Lost to Soil-Vapor Extraction

Well Field Discharged 1955 to 1973(') (kg) Atmosphere 1955 to 1990(" (kg) 1991 to 1999(`) (kg)

216-Z-1A 270,000 56,700 23,508(d)

216-Z-9 130,000 to 480,000 27,300 to 100,800 52,954

216-Z-18 170,000 35,700

Total . 570,000 to 920,000 119,700 to 196,800 76,462

(a) Based on DOE/RL-91-32, Draft B.

(b) BasedonWHC-SD-EN-TI-101.
( c) Based on BHI-00720, Rev. 3.
( d) Includes mass removed from 216-Z-18 site; reported as a combined value because the well fields overlap.
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Table 3.2-7. Liquid Disposal Facilities and Associated Boreholes and Wells Monitored

with Spectral Ganuna-Ray and Neutron Moisture Tools, Fiscal Year 1999

Well or Well or
Faci1ity Borehole Facility Borehole

PUREX FacilitiesW

216-A-2 crib 299-E24-53 216-A-7 crib 299-E25-54

216-A-4 crib 299-E24-54 216-A-18 trench 299-E25-10

BC Controlled Area Facilities

216-B-14 crib 299-E13-1 216-B-26 trench 299-E13-12

216-B-15 crib 299-E13-2 216-8-27 trench 299-E13-57

216-B-16 crib 299-E13-2 216-B-30 trench 299-E13-52

299-E13-21

216-B-17 crib 299-E13-4 216-B-31 trench 299-E13-58

216-B-18 crib 299-E13-5 216-8-32 trench 299-E13-59

216-B-19 crib 299-E13-6 216-B-33 trench 299-E13-60

216-B-23 trench 299-E13-55 216-B-52trench 299-E13-54

216-8-25 trench 299-E13-56 216-B-53Atrench 299-E13-61

BX Trenches

216-B-35 trench 299-E33-286 216-B-41 trench 299-E33-8

216-B-37 trench 299-E33-287 216-B-42 trench 299-E33-10

299-E33-288

216-8-38trench 299-E33-289

299-E33-290

(a) PUREX = Plutonium-Uranium Extraction.

m 3.47 un



Groundwater Monitoring for FY 1999
. ^ ^ . . .. . :^,

140

Borehole Wall Temperature

CasingTemperature

130

120

110 . .

mloo ,

90 i

I

80

70

1 11 21 31 41 51 61 71 81 91 101 111 121 131 141 151 161 171 181 191 201

Depth (feet)

wtlv.99004

Figure 3.2-1. Temperature Distribution in Borehole 41-09-39

i^

2 3.48 m



w

100

110

120

130

140

150

160

p 170

Well: 299-W23-19

Stack Response Stack Response

180

190

200

210

220

230 ^

Stack Response

4^

Stack Response Stack Response

Log Date: O

Stack Response

ctober 13, 1999
Stack Response

30.8

33.8

S

36.9

39.9

43.0

^ 46.1

t - 52.3 3....

55.4

61.5

67.7

70.8

0 2 4 6 8 0 2 4 6 8 10 0 2 4 6 8 10 0 1 2 3 4 5 0 10 20 30 40 1 2 3 4 5 6 7 0.0 0.5 1.0 1.5 2.0

Gd (c/s) 1778 keV (c/s) Ge (c/s) Fe (c/s) H (c/s) Si (c/s) Ca (c/s)

Analysis by Three Rivers Scientific
wawssoi7

Figure 3.2-2. Neutron-Gamma Capture Spectroscopy Log from the New Borehole at Single-Shell Tank SX-115

ti
0
0

io
Q
h



w
i11
0

Hanford Plant West Coordinate

45,500

a^
m
c
E
00 45 400

U
L
1=
0
z

c
m
a

0
C
M
_

45.300

45,200

^ • 20-0

20-0a 12

a zoa a-2o3
•

s-ZOS s-2o^ North

• • 0 Assumed Leaker
20-00-11 20-00-01

20-06-11 20-03-11

20-12-11 20-12-02
20-0411

•
20.09-02 0 2a06-02 • 20-03-02

• • • • •

20-12-03

B-112 0 B-109 B-106 20-06-03 B-103
• } • 20-03-03

Tza-o 3os

•
2o-12-07 •

• • •
20-12-06 20-09-06 20-06-06 20-03-06

• 20.02-11 • •

z0-a6 oz zaoaoz

09 zo-o2-os
B 111 B-108 • B-102 •20-02-03

zo-a6os •
zao8-03

•
20- 08-07 •

20-02-07 •
20-07-1 1 2a08-05 • 20-02-05

20-1 a i 2
20-1 a24 •

20-05-06
20-01-112001-01

^\ •
20-10-02 2o-07-oz

zo-to-os• B 110

•
20-10-07

20-00-07

B-107

•
07-08

•
20 07-05 •

za0a-o6

T

45,600

45,400

45,300

45,200

adw9so11

Figure 3.2-3. Map of B Tank Farm with Layout of Tanks and Locations of Monitoring Boreholes. Tanks indicated by shading are assumed to

have leaked.

l
Q
C

zr

T

10
`O



200 Areas

Hanford Plant West Coordinate

75,950 75,900 75,850 75,600 75,750 75,700 75,650 75,600

o North
•so-ao-tz o

50-02-12 50-01-12 ^
• 50-03-01 •

50-02-02
50-03-10 • 50-02-10

0

°-°1-°2

^ 5oo1-O9
50-00-03

° T-102 • •

c

50-03-08 •
50-03 04 • ^ • 50-02-09 •

5 t
50-02-08 0-0 -04

0 50-03-05 0
0
tO

50-03-06 • 0 50-02-05
50-05-11

0
°•

50-00-10 • •50-01-06 a
• 50-06-11 50-06-02

• •

1500410 //
0 50-04-03

^ T-106 ^6 o
0

s06-0 0
U

50-00-09 r5o-06-5004-08
• • 50-06-1

•0
o

50-06-08
• • 50-06-05 50-05-07 •

50-05-06 ••
o
,^

O
Z

50-06-06 50-06-17 50-09 01• 50-04-07 50-04-05
^ ^

50-09-10 •50-08-11 ^ C

ciiii 0-J9-02 ^

T 201
50-09-0s o-08-0 0-07-03

• T-108

E)

T-107

•^50-08-0 8
50-07-08o

00 50-08-19 •
T-202 50-09-07 50-09-05 50-07-07

o
C^

0 0 •50-08-07 •50-08-05 •
v 50-00-08 50 ,, ,,_-•

0

50 1 1 1 ( 50-10-10
50-12-10 • •

Cl T-203 •
0-00-05

i T-112 M

50-11-0 8 50-10-0 8o • •Q
T-204 • • • • m

M
50-12-0 7 50-1 1-OS2-05 50-11-07 50-1 50-10-07 50-1 0-05 ^

• 50-00-06

75,950 75,900 75,850 75,800 75,750 75,700 75,650 75,600

O Assumed Leaker Hanford Plant West Coordinate
wdwsso i2

Figure 3.2-4. Map of T Tank Farm with Layout of Tanks and Locations of Monitoring Boreholes. Tanks

indicated by shading are assumed to have leaked.

3.51 ;?:



50-01-06

0 I-= -& - - 7-1 0

20 20 20

♦

♦

♦

40 40 40

60 60 60

t ar

a y
N q

0

O

80 80 80

100 100 100

120 120 120

140 140

50-02-05

0

20

40

60

q

80

100

120

140

50-02-08

140 r
N ^ N ^ O cy M^ N O N CO

O O
0

O O^V O O O O O

c

O ^ O O O O O O O O O O O O

pCi/g pCi/g
pCi/g PCilg

MAC20176 MAC20177 MAC20178 MAC20179

Figure 3.2-5. Selected Spectral Gamma-Ray Logs of Radionuclides Around Boreholes in T Tank Farm Showing Concentrations of Contaminants versus

Depth (after GJO-99- 101 -TAR, GJO-HAN-27)

3

^
^
n'

0

-'C

^
^

50-01-04

0



w
w

0

20

40

60

n
m

80

100

120

140

50-03-04

U

20

40

60

n
d
O

80

100

120

140

50-04-03 50-04-07

U - _^ -
`i

:•

••
20

••,•

s'

1•
40

•
I

i • Cesium-137
•

n Cobalt-60
60

• Europium-152

x Europium-154

CL ^ • Niobium-94

^ •_
• •

^ Antimony-126
80

X Uranium-238
• -

N

100

120 -

140

N
0 0 0 0 0 0 o b o 0 0^ o

in
`"0

70 '0 0 0^

pCUg pCi/g pCi/g

MAC20180 MAC20181 MA020182

Figure 3.2-5. (contd)

O
O

m
0



50-06-18

0 r- t•; -

G)
0

^

Q
m

20 A - ?

0

1-n
4^

40

60 -^4

IVL

80 - ',elf

100

120

20

40

60

L

Q

80

100

12C

20

40

60

^

0

80

100

120

- ♦ Cesium-137

-a- Cobalt-60

Europium-154

• Europium-152

)K- Tin-126

Antimony-125

` Detector Saturated

-i High Dead Time

140
1

i 140 1 140

N O N c+) V N ^ O N (°1 V N ^ 0
N C)

7L

O O O O O O O O O O O O O O O O O O O O ^

pCilg pCilg pCilg

MAC20183 MAC20184 MAC20185

Figure 3.2-6. Selected Spectral Gamma-Ray Logs of Radionuclides Around Boreholes Near Tank T-106 in T Tank Farm Showing Concentrations

of Contaminants versus Depth (after GJO-99-101-TAR, GJO-HAN-27)

U

^

^o
^o

50-06-04

0

50-06-05

0



Ji

0

20

40

60

m
0

80

100

120

140
N O N M ^
O O O O O O O

pCi/g
MAC20174

0

20

40

60

a
m
^

80

100

120

140

N O N m--^tLo
O O O O O O O O

pCi/g
MAC20175

Fi,;ure 3.2-6. (cuntd)

• Cesium-137

n Cobalt-60

• Europium-152

Europium-154

= Antimony-125

)K Tin-126

^^^^ Detector Saturated

High Dead Time

N

O

m
0

50-06-06 50-06-08



Groundwater Monitoring for FY 1999
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3.3 Additional Vadose Zone Related Investigations

In fiscal year 1999, several vadose zone related

activities were accomplished that have potential appli-

cability across the Hanford Site. The 1751ysimeters of

the Hanford Site were inventoried and described in

fiscal year 1999. Also, 4 years of field data from the

Hanford Site prototype surface barrier were analyzed

and interpreted. Those data have important applica-

bility to contaminated sites that may be left in place

and monitored during natural attenuation. Finally,

tritium and helium-3/helium-4 were obtained from

vadose zone sediment to extrapolate concentrations in

the soil to concentrations in groundwater. This sec-

tion discusses these activities.

3.3.1 Hanford Site Lysimeters

D. G. Horton, R. R. Kirkham

In fiscal year 1998, the participants of a data qual-

ity objective process for vadose zone monitoring iden-

tified moisture content and moisture movement as

elements of concern for vadose zone monitoring of

past-practice liquid waste disposal facilities. Conse-

quently, the Hanford Groundwater Monitoring Project

undertook an inventory of existing lysimeters and their

conditions in fiscal year 1999. That inventory is sum-

marized in Table 33-1.

Lysimeters measure moisture content

and movement in the vadose zone. There

are 175 lysimeters on the Hanford Site;

most are inactive and need repair.

U.S. Department of Energy (DOE) reports results

quarterly to the Washington State Department of

Ecology. At the Field Lysimeter Test Facility, the

weighing lysimeters are monitored hourly and the

drainage lysimeters are monitored monthly for water

storage.

Most of the lysimeters at the Hanford Site were

designed for specific studies. As such, their applica-

tion to vadose zone monitoring in the 200 Areas is

limited. The limitation stems from the soil filling the

lysimeters and the surface conditions of the lysimeters

being different from the soil and surface conditions of

most past-practice liquid-disposal facilities. The

lysimeters at the Field Lysimeter Test Facility and at

the S-11 facility are the easiest to modify for potential

vadose zone monitoring use. "

3.3.2 Hanford Site Surface Barrier
Technology

Lysimeters measure the amount of water percolat-

ing through soil. Approximately 1751ysimeters exist

at the Hanford Site. Most of these are inactive and

need repair before they can be used. Active lysimeters

are at the Field Lysimeter Test Facility and the Solid

Waste Landfill. Some water storage data are collected

from the lysimeters at the Fitzner/Eberhardt And Lands

Ecology Reserve via data loggers and radio link to

backup tapes, but currently, the data are not used.

Drainage from the lysimeter at the Solid Waste

Landfill is sampled at least monthly and the leachate

analyzed for several constituents of concern. The

G. W. CGee, A. L. Ward

A field-scale prototype surface barrier was con-

structed in 1994 over an existing waste site as part of a

Comprehensive Environmental Response, Compensation,

and Liability Act (CERCLA) treatability test. The bar-

rier was designed to be used at waste sites in and

climates and to have a 1,000-year performance. The

barrier was monitored for 4 years to ascertain its sta-

bility and long-term performance. The 4 years of data

were compiled and analyzed in 1999. This section

summarizes that work; a more complete discussion is

found in DOE/RL-99-11.
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Natural construction materials (e.g., fine soil, sand,

gravel, cobble, basalt riprap, asphalt) were selected

because of t6e demand for the barrier to perform for at

least 1,000 years without maintenance. Most of these

natural construction materials are available in large

quantities on the Hanford Site and some are known to

have existed in place for thousands of years (e.g.; basalt).

The current barner consists of a 2-meter-thick, fine-soil

layer overlying other layers of coarser materials that

include sands, gravels, and basalt rock (riprap) and a

low permeability asphalt layer. The barrier is designed

to limit recharge to <0.5 millimeter per year. Fig-

ure3.3-1 shows the construction details of the barrier.

A prototype surface barrier was con-

structed in 1994 to isolate a waste site from

infiltrating moisture. Data collected since

then indicate the barrier successfully pre-

vents surface water and precipitation from

reaching the waste site.

Each layer serves a distinct purpose. The fine soil

layer acts as a medium to store moisture until the proc-

esses of evaporation and transpiration recycle any

excess water back to the atmosphere. The fine soil

layer also provides the medium to establish plants that

are necessary for transpiration to take place. The

coarser materials placed directly below the fine soil

layer create a capillary break that inhibits downward

percolation of water through the barrier. The place-

ment of fine soil directly over coarser materials also

encourages plants and animals to limit their biological

activities to the upper, fine soil portion of the barner,

thereby reducing biointrusion into the lower layers.

The coarser materials also help to deter inadvertent

human intruders from digging deeper into the barrier

profile.

Low-permeability layers are placed below the cap-

illary break to (1) divert any percolating water that

crosses the capillary break away from the waste zone

and (2) limit the upward movement of noxious gases

from the waste zone. The coarse materials located

above the low-permeability layers also serve as a drain-

age medium to channel any percolating water to the

edges of the barrier.

In addition to testing the performance of a capil-

lary barrier, the prototype is being used to test two

different side-slope designs:

• a relatively flat apron (10:1, horizontal:vertical)

of clean fill gravel

• a relatively steep (2:1) embankment of fractured

basalt riprap (PNL-8391; Ward and Gee 1997).

A shrub and grass cover was established on the soil

surfacespf the prototype in November 1994. Shrubs

were planted at a density of two plants per square meter

with four sagebrush (Artemsia tridentata) plants to

every one rabbitbrush (Chrysothamnus nauseosus) plant.

3.3.2.1 Results of Field Tests

Designing a maintenance-free barrier requires an

understanding of how natural processes affect barrier

performance. A series oftests was designed to provide

a better understanding of these processes.

From November 1994 through October 1997, soil

plots on the northern half of the prototype barrier were

irrigated such that the total water applied, including

natural precipitation, was 480 millimeters per year or

3 times the long-term annual average for the water

year (November 1 through October 31). This treat-

ment included application of sufficient irrigation water

on 1 day, during the last week of March for 3 years

(1995 through 1997), to mimic a 1,000-year storm

event (70 millimeters of water).

Survival rates of the transplanted shmbs have been

remarkably high; 97% for sagebrush and 57% for rab-

bitbrush (PNNL-1 1367). Heavy invasions of tumble-

weed (Salsola kali) occurred in 1995 but were virtually

absent in 1996. Grass cover, consisting of 12 varieties

of annuals and perennials, including cheatgrass, several

bluegrasses, and bunch grasses, dominated the sur-

faces, particularly those that were irrigated. Approxi-

mately 75% of the surface was covered by vegetation;

a cover value typical of shrub-steppe plant communities.

î
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In all respects, the vegetated cover appeared to be

healthy and normal. There was nearly twice as much

grass cover on the irrigated surfaces than on the non-

irrigated surfaces (PNNL-11367).

Figure 3.3-2 compares temporal changes in mean

soil water storage on the irrigated and non-irrigated

portions of the prototype barrier through September

1998. All irrigation and natural precipitation plus all

available stored soil water were removed via evapo-

transpiration during the first year of surface barrier

operation. By late summer of each year, water was

removed from the entire soil profile so that the soil

water content of both irrigated and non-irrigated plots

reached a relatively uniform lower limit of 5 to 8 vol-

ume percent throughout the soil profile. Correspond-

ingly, water storage was reduced to levels of 100 to

150 millimeters (i.e., lower limit of plant-available

water), for both the irrigated and non-irrigated soil

surfaces. This is approximately one-fifth the amount

of water required for drainage. Based on these obser-

vations and considering the irrigation treatment to

represent the extreme in wet climate, the soil cover

would not be expected to drain, even under the wet-

test Hanford Site climate conditions.

Figure 3.3-2 also shows that all of the water was

removed from the soil profile following each simulated

1,000-year storm. Because no drainage occurred, the

change in storage is attributed to water loss by evapo-

transpiration, thus demonstrating the continued posi-

rive benefits of having vegetation on the barrier surface.

Evapotranspiration for the irrigated plots was nearly

double that for the non-irrigated (ambient) plots, sug-

gesting that vegetation is capable of adjusting to water

applications. It is apparent that the capacity of veg-

etation for water consumption has not been exceeded

even at three times the long-term annual'average pre-

cipitation rates. This further supports the hypothesis

that the combination of vegetation and soil storage

capacity is more than sufficient to remove all applied

water under the imposed test conditions.

Drainage did not occur from the soil covered part

of the prototype barrier until the third year and then

only in a minute amount (less than 0.2 millimeter)

for one of the soil plots subjected to irrigation. The

drainage was attributed to lateral flow from water

diverted off an adjacent roadway. These observations

agree with the results of extensive lysimeter testing of

capillary barriers designs (PNL-7209; PNL-8911) and

suggest that the water storage capacity of the soil is

well in excess of three times the long-term annual

average (480 millimeters) precipitation. In contrast,

both side-slope configurations drained, though the

amount of drainage was significantly less than pre-

dicted, based on the lysimeter testing that has been

done with coarse materials (PNL-8911).

Figure 33-3 compares cumulative drainage from

the gravel and ripmp slopes through October 31, 1998.

On the non-irrigated treatments, the total amount of

drainage from the clean fill side-slope was greater than

that from the basalt riprap side slopes. A similar trend

was observed on the irrigated slopes up until Novem-

ber 1995. Whereas irrigation of the soil surfaces started

in February 1995, irrigation of the side slopes did not

start until November 1995. A closer look at these

results show a seasonal influence on drainage. Whereas

drainage from the gravel side slope was continuous,

there was essentially no drainage from the riprap in

the summer. In the winter, both side-slope configura-

tions drained at similar rates. Advective drying simi-

lar to that described by Stormont et al. (1994) and

Rose and Guo (1995) may be partly responsible for

the lower drainage on the riprap side slopes and may

also have an effect on water storage in the fine-soil

cover. Additional testing and numerical modeling

will be used to test this hypothesis.

The rapid establishment of vegetation on the soil

surface was thought to be responsible for at least three

positive benefits to surface barrier performance. First,

the vegetation was dominant in the water removal

process from the soil surfaces. Second, the surface was

stabilized against water erosion and runoff. Runoff

from the 1,000-year storm in 1995 was 1.8 millimeters

(-2% of the 70 millimeters applied). There was nc

runoff in 1996. The improvement was attributed to
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plant growth. Finally, there has been a positive ben-

efit in controlling wind erosion. There has been no

measurable loss of soil from the surface of the proto-

type barrier by wind erosion since the establishment of

plants in November 1994.

3.3.3 Measurement of Tritium in Soil
Moisture and Helium-3 in Soil Gas at the
Old Hanford Townsite and KE Reactor

K. B. Olsen, G. W. Patton, E. P. Dresel,

J. C. Evans

Four years of testing provide important but lim-

ited information for long-term barrier performance

estimates. Because only a finite amount of time exists

to test a banier that is intended to function for a mini-

mum of 1,000 years, the testing program has been

designed to stress the prototype so that barrier perfor-

mance can be determined within a reasonable time

frame.

3.3.2.2 Conclusions

The study of surface barriers at the Hanford Site

has evolved into an integrated demonstration of key

features of barriers designed to minimize water intru-

sion, erosion, and biointrusion. The results of field

tests, experiments, and lysimeter studies provide base-

line information on which barrier designs can be based.

Test results show that a well-designed capillary barrier

limits drainage to near-zeto amounts in the Hanford

Site's arid climate. A subsurface asphalt layer provides

additional redundancy. Data collected under extreme

conditions (excess precipitation) provide confidence

that the barrier has the ability to meet its performance

objectives for the 1,000-year design life. Data from

the prototype surface barrier confirm earlier observa-

tions with lysimeters and field plots and show that

virtually all available water can be removed from the

soil surfaces by evapotranspiration, under the tested

elevated precipitation conditions. Side slopes, in con-

trast, drain because they are barren. The side-slope

drainage is less than predicted because of advective

heating and wind action but is non-zero. Thus, this

drainage must be accommodated in the final design.

Asphalt sublayers can be successful in extending areas

of surface protection and can divert drainage water

away from underlying waste but the durability of the

asphalt must be evaluated.

The Hanford Groundwater Monitoring Project

sampled and analyzed soil gas and soil moisture in fis-

cal year 1999 to

• demonstrate the adaptability of soil gas sampling

techniques to the measurement of tritium and

helium-3 concentrations in Hanford Site soil

• determine tritium and helium-3 concentrations

in soil gas at two locations on the Hanford Site

• attempt to extrapolate tritium and helium-3 con-

centrations in the soil to tritium concentrations

in groundwater at the 100 K Area.

In fiscal year 1999, investigators meas-

ured tritium and helium-3 in soil vapor at

two vadose zone sites. Results indicate

helium-3 may be useful to trace vadose zone

or groundwater sources of tritium.

Tritium/helium-3 age dating of shallow aquifer

groundwater was successfully applied in the late 1980s

by Poreda et al. (1988). The technique is based on

the presence of the radioactive isotope tritium and its

decay to the stable, inert isotope of helium, helium-3.

At the Hanford Site, tritium was released to the soil

column as effluent from past operations. In some areas

of the Hanford Site, the effluent migrated through the

vadose zone to mix with groundwater. In other areas,

the effluent was retained in the vadose zone. Subse-

quently, moisture laden with tritium volatilized from

the flow path and the water table and began to diffuse

upward through the vadose zone toward the surface.

At the same time, helium-3 began to build up in

both the groundwater and the vadose zone at the rate
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of tritium decay (the half-life of tritium is 12.3 years)

and diffuse upward to the surface. Throughout this

process, helium-3 is expected to act as a conservative

(non-reactive) tracer moving through the vadose zone.

Tritium, as tritiated water, would be a reactive tracer

freely exchanging with hydroxyl groups on the surface

ofsediment and thus retard its movement through the

vadose zone. Based on the above principles and con-

ceptual model, soil gas and soil moisture samples were

collected and analyzed to obtain a better understand-

ing of their vadose zone properties and attempt to map

vadose zone and groundwater tritium distribution.

3.3.3.1 Experimental Methods

Two areas of the Hanford Site were chosen to

investigate: south of the Old Hanford Townsite and

east of the KE Reactor. The Old Hanford Townsite

was chosen because it is an area with a known tri

tium plume at groundwater depths similar to those in

the 100 Areas and the site had easy access. The KE

Area was chosen to study because there is a known

tritium plume but there is some uncertainty as to its

distribution. It was hoped that the helium-3/helium-4

method would help better define the existing

groundwater contamination.

Eight sampling points, in two clusters, were

installed between 1.5 and 9.7 meters below ground

surface adjacent to well 699-41-1A, south of the Old

Hanford Townsite (Figure 3.3-4). Sixteen sampling

points between 2.1 and 3.1 meters below ground sur-

face were installed to the north and east of the

KE Reactor (Figure 3.3-5)., Soil gas and soil moisture

samples were collected in mid-July and in early Sep-

tember from the Old Hanford Townsite and in early

September from the KE Reactor.

Soil moisture samples were collected from all eight

sampling locations at the Old Hanford Townsite and

the eight locations at the KE Reactor. Soil moisture

samples were collected using a flexible diaphragm

sampling pump. The samples were passed through a

single 18-centimeter-long, silica gel column to adsorb

soil moisture. Samples were collected at a flow rate of

1 liter per minute for a period of -24 hours.

Soil gas samples, for helium-3 measurements, were

collected at all sampling points using a sampling appa-

ratus constructed from a 30-milliliter stainless steel

cylinder. One end of the cylinder was fitted with a

high-vacuum needle valve and the other end sealed

with a pipe plug. Each cylinder was evacuated to less

than 5 torr before sampling.

Two different sampling configurations were used

to sample soil gas. During the July sampling at the

Old Hanford Townsite, a silica gel trap, identical to

that described above for soil moisture samples, was

placed in the soil gas stream to remove all soil mois-

ture. The soil gas sampling point was allowed to purge

at 1 liter per minute for a minimum of 60 minutes. At

the end of the purge period, a hose was connected to

the pump and the cylinder was pressurized to the maxi-

mum pressure of the pump.

During a subsequent sampling event at the Old

Hanford Townsite in September, cluster SG-1 was

resampled for helium-3. Silica gel was not used because

tritium was not observed in the soil moisture samples

previously collected. Instead, a rotometer and pump

were hooked in series to the riser tube that extended

from the soil gas sampling point to the sampling cylin-

der. Flow was adjusted to 1 liter per minute, and the

sampling point was purged for a minimum of 60 min-

utes. At the end of the purge, the cylinder was con-

nected to the pump and allowed to pressurize to the

pump's maximum pressure.

Soil moisture samples were sent to Quanterra Envi-

ronmental Services laboratory in Richland, Washington

for analysis. In brief, the sample was heated to desorb

the soil moisture from the silica gel. The tritium con-

tent of the desorbed water was determined by liquid

scintillation counting. Detection limit in the liquid,

using a 10-milliliter sample aliquot, is estimated at

240 pCi/L.

Soil gas samples were sent to the University of

Rochester for helium analysis. Helium isotope ratios

and concentrations were analyzed on a VG 5400 Rare

Gas Mass Spectrometer fitted with a Faraday cup

(resolution of 200 counts) and a Johnston electron
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multiplier (resolution of 600 counts) for sequential

analyses of thehelium-4 (Faraday cup) and helium-3

(multiplier) beams. All helium-3/helium-4 ratios are

reported relative to the atmospheric ratio (RA), using

air helium as the absolute standard.

3.3.3.2 Results and Discussion

Analysis of the soil moisture samples found no

detectable tritium (minimum detection limit less

than 240 pCi/L) in the soil moisture from either the Old

Hanford Townsite or KE Reactor sampling points.

This suggests that tritiated moisture from groundwater

is not migrating upward to the sampling points at the

Old Hanford Townsite. This is in spite of the fact

that tritium in groundwater from well 699-41-IA, adja-

cent to the soil moisture sampling points, occurs at a

concentration of 117,000 pCi/L at a depth to ground-

water of 21 meters. These data indicate that the soil

moisture can be attributed to recharge of natural pre-

cipitation into the vadose zone at the Old Hanford

Townsite, which agrees with work done by Fayer et al.

(1997). Concentrations of tritium in natural pre-

cipitation normally range from 50 to 100 pCi/L, well

below the detection limit of the analytical method

used to measure tritium. The lack of tritium in soil

moisture at the KE Reactor also suggests that there are

no vadose zone sources of tritium in the immediate

study area.

Results of the helium analyses of the soil gas sam-

ples from the Old Hanford Townsite showed significant

enrichment of helium-3 concentrations, compared to

ambient air, and an inverse relationship between

helium-3 concentration and distance from the source

(groundwater). Helium-3/-4 ratios at the Old Hanford

Townsite location ranged from 1.012 at 1.5 meters

below ground surface to 2.157 at 9.7 meters below

ground surface (Figure 3.3-6).

Helium-3/-4 ratios show a significant variability

with time. Figure 3.3-6 shows the helium-3/-4 ratios

from samples taken at the beginning and at the end of

the 24 hour July sampling event. In all but one sample,

the ratios at the end of the event are greater than at

the beginning of the event. The variability with time

is even more pronounced bycomparing the July and

September sampling events. The greatest difference is

shown by the helium-3/-4 ratios from the 5.9 meter

samples from the SG-1 cluster nearer well 699-41-1A.

Comparing the two results shows a 62% increase in

enrichment of helium-3 in the September sample.

The temporal variations might be attributable to

atmospheric pumping in the vadose zone because of

fluctuations in atmospheric pressure. That is, higher

atmospheric pressure may dilute the helium-3 in the

vadose zone with low helium-3/-4 atmospheric air. This

dilution might occur through the soil-atmosphere

interface at the surface or through a well if the vadose

zone is exposed to perforations or open screen above

the water table. At the time of soil gas sampling, there

was -0.3 meters of screened interval open to the

atmosphere in well 699-41-1A directly adjacent to

one of the sampling clusters SG-1. Thus, atmospheric

pumping may have affected the helium-3/-4 ratios.

Helium-3/-4 ratios in the soil gas samples collected

near the KE Reactor ranged from 0.972 to 1.131 (see

Figure 3.3-5). The greatest helium-3 enrichment

(sample point SG-16) is in the southeastern part of

the study area suggesting that there may be a tritium

source around that location. Because there was no

tritium found in the soil moisture in the immediate

area of SG-16, helium-3 must be coming from a source

greater than 3 meters from SG-16. This source may

be located in the vadose zone or groundwater. The

source could possibly be the solid waste burial ground

or one or more of several cribs east of the KE Reactor.

Alternatively, the source could be from tfie groundwa-

ter plume in the area. However, a groundwater moni-

toring well, 199-K-111 located adjacent to several soil

gas monitoring points at the southeastern end of the

study area has no measurable tritium (minimum detec-

tion level <240 pCi/L). This suggests that a tritium

groundwater plume, if it exists, could be located far-

ther to the south of the study area. Further investiga-

tion is necessary to define and identify the source of

helium-3 around the southeastern corner of the study

area. The helium-3 results from all the sampling points

near the KE Reactor suggest no tritium plume is located

within the study area.
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3.3.3.3 Conclusions

Measurements of tritium in soil moisture do not

appear to be useful for delineating tritium groundwa-

ter plumes or estimating concentrations of tritium in

groundwater. The major source of moisture in the

vadose zone at the two investigated sites appears to be

natural precipitation and not upward migration of

moisture from groundwater into tAe vadose zone. How-

ever, analysis of vadose zone moisture samples for trit-

ium may be helpful in identifying vadose zone sources

of tritium near the sampling sites.

Analyses of soil gas from samples collected at the

Old Hanford Townsite area show that the gas is

enriched in helium-3. This enrichment is due to decay

of tritium in the groundwater beneath the site. The

amount of enrichment appears to vary with time, most

likely because of atmospheric pumping. Nevertheless,

helium-3 can be a useful tracer for either vadose zone.

or groundwater sources of tritium.

Because atmosphere pumping can affect the results

of helium-3 analysis, the entire suite of samples for

such analysis should be collected in as short a time

span as possible. This is particularly important if sam-

ples are to be collected deep in the vadose zone near a

groundwater well screened across the water table.

Helium-3 results from samples from the KE Reac-

tor area do not suggest the presence of tritiated ground-

water beneath the study area. Based on the relative

enrichment factors for helium-3, there may be a ground-

water or vadose zone source oftritium southeast of the

study area. Potential sources include a groundwater

tritium plume, the solid waste burial ground, the

116-KE-1 gas condensate crib east of the KE Reactor,

or KE Fuel Storage Basins.
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Table 3.3-1. Lysimeters at the Hanford Site

Lysimeter Type . . . Potential for

andNumber Purpose Current Status Future Use

FieldLysimeter Test Facility

Drainage, 14 Test water balance in Active, requires minor High potential for future infiltra-

Weighing, 4 layered soils common maintenance tion studies

Clear tube, 6 to engineered barriers

Buried Waste Test Facility

Drainage, 6 Test water balance in Inactive, requires mainte- Potential for infiltration studies

Weighing, 2 coarse-grained sediments nance, 5 of 6 drainage in coarse sand and no vegetation

lysimeters leak ,environment: Potential test

environment for sensors

Commercial Waste Lysimeters

Drainage, 10 Test commercial low-level Inactive Scheduled to be decommissioned

waste solidification in fiscal year 2000

Solid Waste Landfill

Drainage, I Monitoring Active Continued monitoring

Fitzner/Eberhardt Arid Lands Ecology Reserve

Weighing, 2 Examine water balance in Intermittent data Potential for studies of site

sagebrush and bunchgrass collection conditions but not 200 Areas

community after a fire conditions

Small Tube Lysimeters

Drainage and Weighing, Examine statistical. Inactive, requires minor Too small for most purposes.

105 total repetition of lysimeter maintenance Potential for small scale tests

data

S 11 Lysimeters

Storage, 24 Water balance effects of Inactive, requires minor

barriers on plant intrusion maintenance

radiological zone

Possible use for chemical tracer

andinfiltration

200 East Area Lysimeters

Drainage, 1 Infiltration studies Inactive, requires mainte-

. nance, limited access in

studies

Limited potential for future use

because of high expense to

operate

`._..^
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4.0 Groundwater Modeling

This section describes groundwater modeling

activities being conducted at the Hanford Site that are

relevant to the site-wide Hanford Groundwater Moni-

toring Project. Recent activities under the groundwater

modeling task have focused on efforts to consolidate

the site-wide groundwater models into a single model

to eliminate redundancies and promote consistency in

groundwater modeling analyses at the site. A discussion

of this consolidation effort taken from a newly pub-

lished U.S. Department of Energy (DOE) document

(DOE-RL-2000-1 1, Rev. 1) is described in Section 4.1.

Section 4.1 also provides an overview of ongoing

specific applications of the site-wide groundwater flow

and transport model developed by the groundwater

project.

Section 4.2 describes efforts by the environmental

restoration contractor to apply other groundwater

models at a local scale to design and evaluate pump-

and-treat activities for the remediation of contami-

nated groundwater. These models were used to describe

the capture and injection zones for extraction and

injection wells, respectively, and to estimate the area

affected by the pump-and-treat operations at different

times.

4.1 Site-Wide Groundwater Model
Consolidation Process

P. D. Thorne, M. P. Bergeron, S. K Wurstner

Until recently, the Hanford Site has maintained

multiple versions of site-wide groundwater flow and

contaminant transport models. These different ground-

water models have developed among different con-

tractors since the Hanford Site mission changed from

producing special nuclear materials to environmental

A computer model of Hanford Site ground-
water must be able to

► assess performance of waste-disposal
facilities

► predict movement of contaminants

► evaluate remediation strategies.

restoration. The Project Hanford Management Con-

tractor, Fluor Hanford, Inc., maintained a vadose zone

and groundwater modeling capability to support active

and planned disposals in the 200 Areas and operational

issues at the site. The environmental restoration con-

tmctor; Bechtel Hanford, Inc, implemented a site-wide

groundwater model in support of past-practice oper-

able unit investigations and cleanup activities. Pacific

Northwest National Laboratory (PNNL) maintains

groundwater modeling capabilities to support the site-

wide groundwater project and vadose zone modeling

capabilities for a variety of site and national programs.

In response to both internal and external recom-

mendations, DOE initiated a site-wide groundwater

model-consolidation process, which included the par-

ticipation of all affected Hanford Site programs. The

objective of this process is to eliminate redundancies

and promote consistency in groundwater analyses pro-

duced for Hanford Site programs. On September 5,

1996, John Wagoner issued a Letter of Instruction to

affected programs, and site contractors(') that said "...

with DOE and contractor customers, tribal and stake-

holder participation, PNNL will develop and maintain a

predictive Hanford standard groundwater model...."

(a) Letter from U.S. Department of Energy, Richland, Washington, to Pacific Northwest National Laboratory and Westing-
house Hanford Company, dated September.5y 1996, "Single Groundwater Project for the Hanford Site."
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In a letter(b) to regulators and stakeholders dated July 28, • evaluation of groundwater remediation strategies

1997, DOE also made a commitment to initiate the including natural attenuation, hydraulic control/

model-consolidation process in fiscal year 1998. containment, and contaminant removal/cleanup

The purpose of the model consolidation process • design and evaluation of groundwater-monitoring

networks
is to I

• foster consistency in assumptions and applications • risk assessments:

across programs The key uses of the site-wide model over the

• provide model enhancements based on new data/ next 5 years include modeling support to

information and improved technical capabilities • the groundwater project

• provide model flexibility to meet and support new • future iterations of the composite analysis of

program needs and decisions. waste sites located in the 200 Areas plateau

1 Recommendations for a Site-Wide14
•assess"`ents to support tank farm corrective actions,

..

Groundwater Flow and Transport Model
tank waste retrieval, and tank farnn closure for

the Office of River Protection

As an initial step, DOE established the scope of • assessment of the facilities being considered for

the model consolidation. This included defining the disposal of immobilized low-activity tank waste

needs and requirements of a Hanford site-wide ground- and solid waste disposal

water model, an evaluation of current site-wide ground- . the system assessment capability being developed
water models and codes, and specific recommendations

as part of the Hanford Site Groundwater/Vadose
for a consolidated site-wide groundwater model.

Zone IntegmtionProject
External review of the recommendations for the consoli-

dated site-wide groundwater model was also initiated. Groundwater modeling analysis may also be needed

The specific needs and requirements of the site-
to support

wide groundwater model were developed based, in • the Hanford Canyon Disposition Initiative

part, ona review of current. and future groundwater • the 200 Areas Soil Characterization and Remed-

modeling activities conducted for various Hanford iation Project

Site programs. The needs and requirements also • assessments of solid low-level waste burial grounds

reflect input collected from external stakeholders.
• permitting for liquid discharge facilities

Based on input received from Hanford Site con- • updates of the Hanford Site-Wide Groundwater

tractors and stakeholders, the consolidated site-wide Remediation Strategy (DOE/RL-94-95, Rev. 1)

groundwater model needs to meet a variety of Hanford
• the development of final records of decision for

Site project objectives including
contamination being managed by interim remedial

• site-specific performance assessments of proposed pump-and-treat remediation) inmeasures (e.g.
waste disposal facilities

,

the 100 and 200 areas.

• assessment of environmental impact involving
A technical evaluation was conducted of site-wide

the modeling of contaminant transport and ezpo-
conceptual and numerical models and preliminary

sme prediction

(b) Letter from U.S. Departmentbf Energy, Richland, Washington, to U.S. Environmental Protection Agency and Washington

State Department of Ecology, dated July 28, 1997, "Completion of theColumbia River Comprehensive Impact Assessment

(CRCIA) Hanford Federal Facility Agreement and Consent Order (Tri-Party Agreement) Interim Milestone M-15-80-8."
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recommendations for the consolidated site-wide

groundwater model were developed in a series of inter-

nal workshops attended by representatives of Hanford

contractors involved in groundwater modeling. Two

most recently used site-wide groundwater modeling

efforts were considered. One was conducted for the

groundwater project and the other for the development

of the Hanford Site-Wide Groundwater Remediation

Srategy (DOE(RL94-95, Rev. 1).

In general, the evaluation showed that both are

capable of meeting many of the needs and require-

ments for a consolidated site-wide groundwater model.

However, DOE concluded that the model developed

by the groundwater project has broader capabilities to

meet the anticipated needs of the site. Therefore, this

model was selected for the initial phase of the site-

wide groundwater model consolidation process. Capa-

bilities of the groundwater project model include

• model resolution - The model contains a higher

level of resolution in its representation of the

Ringold Formation than used in the groundwater

remediation strategy model. This framework can

be more easily used to evaluate and investigate

the importance of three-dimensional hydrostrat-

igraphic complexity in the Ringold Formation.

This is expected to have an increasing influence

on future flow and contaminant transport as the

water table declines.

• extent of model - The areal extent of the model

includes the area south of the Hanford Site

between the Yakima and Columbia Rivers. Includ-

ing this area in the model provides the capability

to address the potential movement of contami-

nant plumes off the Hanford Site.

• natural recharge - The model incorporates the

effect of natural recharge as an upper hydrologic

boundary condition. The importance of natural

recharge on future groundwater flow conditions

and contaminant transport is increasing as the

effect of artificial recharge on the water-table

dissipates.

DOE also initiated an evaluation of computer codes

to implement the consolidated site-wide groundwater

model. Only two computer codes were reviewed in

this initial phase of the model-consolidation process:

(1) the VAM3D-CG code developed by Hydrogeo-

logic, Inc., in Herndon, Virginia, and (2) the CFEST-96

code developed by the CFEST Co. in Irvine, California.

The groundwater remediation strategy model is imple-

mented based on the VAM3D-CG code. The ground-

water project model is based on the CFEST-96 code.

In a qualitative comparison of the two computer codes,

both VAM3D-CG and CFEST-96 were found to be

technically acceptable.

In the interest of minimizing the impact of initial

cost and schedule, DOE selected the CFEST-96 code

as an interim code for implementing the consolidated

site-wide groundwater model. DOE deferred decisions

on final selection of the code until the external peer

review of the consolidated site-wide groundwater model

and the resulting final refinements and modifications

have been completed.

4.1.2 External Peer Review of the
Recommended Site-Wide Groundwater
Model

As a part of the model consolidation process, the

selected site-wide model was reviewed by outside

experts in the fall of 1998. The three member review

panel consisted of Dr. Steven M. Gorelick of Stanford

University, Panel Chair; Dr. Charles Andrews of

S. S. Papadopulos and Associates, Inc.; and Dr. James

W. Mercer of HSI-Geotrans, Inc. The review panel

commented on three specific issues:

• adequacy of the conceptual model and its tech-

nical capabilities to meet the anticipated uses

and needs

• possible improvements to the modeling framework/

implementation

• immediate need for new data.
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Computer modeling experts reviewed the
Hanford Site groundwater model and recom-
mended some improvements. Responses to
these recommendations included plans to

► re-evaluate calibration of the model

► develop alternative conceptual models

► analyze uncertainties associated with the
model.

The panel's comments and recommendations for

each issue summarized from Gorelick et al. (1999a)

are described below.

(1) The panel recommended that the highest prior-

ity is to adopt a broader modeling framework that

accepts conceptual model uncertainty. Within

this new framework, the site-wide model would

serve as an important tool to help guide new data

collection efforts. First, the degree of potential

impact of the various sources of uncertainty can

be assessed through analysis of all uncertainties

including those introduced by alternate concep-

tual models. Second, the worth of new data for

reducing model uncertainty can be evaluated. The

integration of the site-wide model with a geo-

graphic information system is an excellent means

to preserve the Hanford Site data for applications

at a variety of spatial scales. The panel recom-

mended that databases (original field measure-

ments) and information bases (interpretations or

interpolations) both be maintained. For example,

this would enable details in well logs found in the

database to be used to develop a geostatistical

model for scales smallerthan those found in the

interpreted hydrogeologic facies information base.

The panel also recommended that the site-wide

groundwater model be thought of as a flexible and

evolving platform for analyzing groundwater flow

and contaminant transport. The model itself

must not be stagnant because, as more data are

collected, it is likely that the conceptual model of

the groundwater system will change. In addition,

new predictive capabilities will be desired The

model framework must be one in which new con-

cepts can be tested and enhancements readily

included. The framework must have the capabil-

ity of being modified to test alternative concep-

tual models, reflect the most recent consensus

conceptual model, and address concerns regarding

water resources and water quality.

(2) The panel recommended that a new modeling

framework be established that accepts the inherent

uncertainty in model conceptual representations,

inputs, and outputs. Given such a framework,

the expected values of hydraulic heads and con-

taminanr concentrations, as well as the range

(distribution) of predictions, would be products of

the site-wide groundwater model. A priority item

is to construct a list of alternate conceptual model

components and assess each of their potential

impact on predictive uncertainty. The panel

recommended a series of important improve-

ments to the current site-wide modeling effort:

• The model should be recalibrated using a

three-dimensional, transient inverse

calibration.

• The existing representation of chemical

reactions is limited to first-order decay and

linear sorption. Although potentially adequate

for some of the prevalent contaminants

found in Hanford Site groundwatex for most

of the contaminants of concem found in the

vadose zone, reactive transport needs to be

represented.

• Boundary conditions and boundary fluxes

should be re-inspected because of some incon-

sistencies with existing information and

because there is an insufficient conceptual

basis for use of these conditions for applica-

tions of the site-wide model at both large

and small scales.

119 4.4 w



Groundwafer Modeling

• The spatial representation of recharge should

be represented as a parameter having an

expected value and estimated uncertainty.

(3) The panel commended the modeling team for their

efforts in dealing with voluminous data, complex

field conditions, and integrated/interdisciplinary

approach to model building. With regard to the

issue of model adequacy, the spectrum of antici-

pated uses and needs is so broad (ranging from

time scales of less than 1 day to thousands of

years and spatial scales of meters to kilometers)

that this or any general, site-wide model cannot

be expected to be adequate for all potential uses.

It was suggested that an initial task should be to

specify a narrower, and perhaps more pragmatic,

list of model uses.

of uncertain inputs taken primarily from the

results of the development and calibration of the

several alternative conceptual models and gener-

ate a range of related model results.

In the latter half of fiscal year 1999 and in fiscal

year 2000, the consolidated site-wide groundwater

modeling task has been performing some work in all

three areas outlined above. However, the primary

focus of the first effort is on calibration of the site-

wide model to observations of hydraulic head, hydraulic

testing results, and contaminant concentration data.

This is a significant departure from previous approaches

to site-wide model calibration that were limited to

conditions observed in 1979. The 1979 period was

assumed to represent a short period of unchanging

hydraulic conditions that was suitable for a steady-state

calibration of the site-wide model.

4.1.3 Response to Peer Review
Efforts that will lead to the transient calibration

This section presents an overview of the project

plan that will be followed to address technical issues

and concerns raised by external stakeholders and the

external peer review panel on the site-wide groundwa-

ter model.

Based on specific advice provided by the external

peer review panel (Gorelick et al. 1999b), the consoli-

dated groundwater model project will focus on

high-priority tasks that represent the key model

improvements and modifications recommended by the

panel:

• re-evaluation of the calibration of the site-wide

model using a transient inverse calibration of

Hanford Site historical operations, which will

provide valuable information on parameter uncer-

tainty and sensitivity coefficients

• development of realistic alternative conceptual

models that will assist in bounding the uncer-

tainty in flow and transport simulation results.

Each of the alternative conceptual models will be

individually calibrated to Hanford Site historical

operations

• development and implementation of an uncer-

tainty analysis framework that can receive a range

of the current site-wide groundwater model and the

alternative conceptual models involve four broad tasks

related to

• gathering and analysis of historical data on hydmu-

lic head, hydraulic testing infoimation, artificial

recharge, natural recharge, Columbia River and

Yakima River stage changes, and other related

information that will be needed to simulate the

historical period of Hanfosl Site operations

• acquisition and testing of a universal inverse code,

called UCODE (Poeter and Hill 1998)

• linking the UCODE to the current site-wide ground-

water model code, CEEST-96, to allow efficient

and effective execution of the UCODE/CFEST-

96 package in the transient inverse calibration

• preparing historic observation data and informa-

tion into required model data input files for use

in the transient inverse calibration.

The consolidated groundwater modeling project

plans to complete the transient inverse calibration of

the current site-wide groundwater model using the

UCODE/CFEST-96 computational framework in fis-

cal year 2000. Results of this work will be published

in September 2000.
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The consolidated groundwater model team will

also work to define alternative conceptual models. It

is anticipated that three to five alternative conceptual

models will emerge that will reflect different credible

combinations of boundary conditions and interpreta-

tions of the hydrogeologic framework.

In fiscal year 2000, a strategy for an uncertainty

analysis framework will be developed. Uncertainties

associated with prescribed processes, physical features,

initial and boundary conditions, system stresses, field

data, and model parameter values will be addressed.

This analysis framework will ultimately be used to

assess uncertainty in results produced by the range'of

alternative conceptual models.

Communication with the external peer review

panel, regulators, Tribal Nations, stakeholders, and

model users is being facilitated by means of an internet-

based forum. A web page (available at http://

etd.pnl.gov:2080/gwmodeling/) has been dedicated to

the purpose of tracking technical issues and concerns

and posting of other related information. This approach

will provide for instant, widely available communica-

tion on technical issues and provide concern resolu-

tion with all parties, as well as enhancing feedback

from concerned parties. The process of regulator and

stakeholder interaction has already been initiated in

the consolidation process and will continue through

the web-based approach.

4.1.4 Model Applications

During fiscal year 1999, PNNL used the site-wide

groundwater flow and transport model to predict water

quality impact. This work continued into fiscal

year 2000, and results will be presented in the Solid

Wastes Environmental Impact Statement when it

is completed. The purpose of this analysis is to calcu-

late concentrations of contaminants in groundwater

from source areas defined in each of the environmen-

tal impact alternatives. The analysis also assesses the

impact to accessible surface water resources from con-

taminated groundwater. Calculated concentrations of

key contaminants are compared with drinking water

standards and provide the basis for estimates of poten-

tial human health risk and ecological risk for compari-

son between the alternatives.

The site-wide model was applied to an

environmental impact statement for solid

waste in ftscal year 1999. Results will be

available after the work is completed in 2000.

The potential sources of groundwater contamina-

tion are solid radioactive and hazardous waste con-

tained in burial grounds located in 200 East and West

areas. This waste include past low-level waste buried

since 1970, newly generated Category I and III low-

level radioactive waste, mixed lowlevel radioactive

waste, and transuranic waste retrievably stored in

trenches and caissons located in several of the existing

burial grounds.

4.2 Modeling to Support Pump-
and-Treat Operations

W. J. McMahon, L. C. Swanson

Groundwater modelswere used at a local scale in

operable units in the 100 and 200 areas to assess the

performance of groundwater pump-and-treat systems

to remediate contamination within the unconfined

aquifer system. These models evaluated system perfor-

mance and overall progress toward remediation objec-

tives and goals, including evaluating different extraction

and injection well configurations, predicting effects of

different operational and pumping schedules, assessing

extent of hydraulic influence, and evaluating ground-

water travel times and extent of the capture zone.

Modeling was conducted using Micro-FEM®, a two-

dimensional finite-element code. The MicroFEM®

model was used to evaluate the following remedial

action sites and contaminan ts of concern in the 100 K,

100 N, 100 D, 100 H, and 200 West areas:

• 100-KR-4 Operable Unit (100 K Area) - hexaval-

ent chromium
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• 100-NR-2 Operable Unit (100 N Area) -

strontium-90

• 100-HR-3 Operable Unit ( includes both 100 D

and 100 H areas) - hexavalent chromium

• 200-UP-1 Operable Unit (200 West Area) -

technetium-99 and uranium

• 200-ZP-1 Operable Unit (200 West Area) -

carbon tetrachloride.

Additional information on pump-and-treat opera-

tions and figures showing the modeled capture zones

are presented in Section 2:

4.2.1 Model Results for 100-KR-4,
100-NR-2, and 100-HR-3 Operable Units

Numerical modeling for these pump-and-treat

operationsprovides a quantitative method to evaluate

the hydraulic capture and optimize the pumping rates

of the pump-and-treat system wells. Results of the mod-

eling indicated that pump-and-treat extraction wells

intercepted -70% of the groundwater flow through

the targeted area in the 100-KR-4 Operable Unit

(DOE/RL-99-13). The capture zone is shown in Fig-

ure 2.3-18. Optimizing the pumping rates increased

the capture to -84%. Much of the uncaptured ground-

water passing through the targeted plume area occurs

in a culturally sensitive area. The decision to add wells

to the network must balance the benefits of improved

capture with the consequences of disturbing the sensi-

tive area.

Computer modeling of pump-and-treat

systems in the 100 Areas estimate that most

of the contaminated groundwater in the tar-

get plumes is intercepted before it reaches the

Columbia River. In fu'cal year 1999, malel

results were used to optimize pumping rates

and recommend locations for new wells to

increase the effectiveness of the systems.

At the 100-NR-2 Operable Unit during the same

time, the model results indicated that the pump-and-

treat system was reducing the net groundwater flow to

the Columbia River through the targeted plume area

by -96% (DOE/RL99-02). The capture zone is shown

in Figure 2.4-6.

The 100-HR-3 Operable Unit includes both 100 D

and 100 H areas. At 100 D Area, the model results

indicated that the extraction wells intercepted over

90% of the groundwater passing through the targeted

plume area. At 100 H Area, the model results indi-

cated that the extraction wells intercepted -82% of

the groundwater passing through the targeted plume

area (DOE/RL-99-13). The capture zone is shown in

Figure 2.6-16.

The analyses were run for the November/December

time frame, which corresponds to the low flow time of

year in the Columbia River when groundwater dis-

charge to the river is greatest. During other times of

the year, when the river stage is higher, the extraction

wells intercept a higher percentage of the flow. For

additional discussion on the 100-KR-4 and 100-HR-3

models, refer to DOE/RL99-13. For additional discus-

sion on the 100-NR-2 model, refer to DOE/RL-99-02.

4.2.2 Model Results for 200-UP-1
Operable Unit

Numerical modeling for this pump-and-treat

operation was performed to evaluate effectiveness in

containing the targeted area of the technetium-99 and

uranium plumes and to track the progress of remedi-

ation. On the basis of the modeling results, the steady

state capture flow lines extend outside and contain the

entire targeted area of the plume (see Figure 2.8-40).

Thus, the one extraction well (299-W19-39) appears

capable of capturing and containing the entire high

concentration area of the technetium-99 and uranium

plumes. By the end of September 1999, the extrac-

tion well had removed at least one pore volume from

the entire targeted plume area. The plume capture
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efficiency was -71 %, which is the ratio of the amount

of water removed from the target area of the plume to

the total amount of water removed from the aquifer.

For additional discussion on the 200-UP-1 model,

refer to DOE/RL-99-02 and DOE/RL-99-79.

Computer models of two pump-and-

treat systems in the 200 West Area esti-

mate the capture zone of pumping wells.

4.2.3 Model Results for 200-ZP-1

Operable Unit

Numerical modeling was also performed to evalu-

ate the remedial action at this punip-and-treat opera-

tion. The modeling results show the capture flow lines

of the extraction wells extending outside the targeted

carbon tetrachloride plume area and converging in

the areas between the wells (DOE/RL-99-79). Thus,

modeling indicates that the pump-and-treat extraction

wells contain the entire high concentration area of the

plume, and provide a continuous hydmuliqbarrier to

plume movement. The capture zone is shown in

Figure 2.8-17.

The three northernmost extraction wells have

operated since 1996, and the areas of capture for indi-

vidual wells have merged. The numerical modeling

predictions indicate that pump-and-treat operations

have removed 1 pore volume of water from the upper

15 meters of the aquifer from an area of 332,000 square

meters around the northernmost extraction wells.

The three southernmost extraction wells began oper-

ating in 1997, and the areas of capture for individual

wells have not merged. The modeling predictions indi-

cate that wells 299-W 15-32, -36, and -37 have removed

1 pore volume of water from an area of 12,000, 24,000,

and 31,000 square meters, respectively, around those

wells. For a more detailed description of 200-ZP-1

modeling, refer to DOE/RL-99-02 and DOE/RL99-79.

trs 4.8 %

i ^

^._ .%

^^^



5.0 Well Installation, Maintenance and
Decommissioning

R. B. Mercer, B. A. Williams, J. E. Auten Each year DOE and the Washington State Depart-

This section describes well installation, mainte-

nance, and decommissioning activities conducted on

the Hanfoid Site during fiscal year 1999.

5.1 Well Installation

The Hanford Groundwater Monitoring Project

defines needs for new monitoring wells in a description

of work between Pacific Northwest National Labora-

tory and Bechtel Hanford, Inc. Each year, the ground-

water project installs new wells to maintain network

compliance with the Resource Conservation and Recov-

ery Act of 1976 (RCRA) groundwater monitoring

requirements and U.S. Department of Energy (DOE)

orders. These compliance issues include ongoing

RCRA facility groundwater assessments, replacement

of monitoring wells that go dry because of the declin-

ing water table, replacement of wells that pose con-

tamination risks to the environment, improvement of

spatial coverage of the monitoring networks, and ver-

tical characterization of groundwater contamination.

The environmental restoration contractor also deter-

mines its needs for new wells annually.

Tweniy-six new wells were installed on the
Hanford Site in fiscal year 1999:

► 8 for RCRA monitoring

► 16 for CERCLA investigations or
remediation

► 1 for a proposed low-level waste site

► 1 for vadose-zone characterization at a
tank farm.

ment of Ecology ( Ecology) approve RCRA wells

through a process that integrates data quality objec-

tives. This process integrates the data needs of various

Hanford Site projects in the proposed wells (i.e., Com-

prehensive Environmental Response, Compensation, and

Liability Act of 1980 and Tank Waste Remediation

System).

Milestone M-24-00K (Ecology et al. 1989) required

the installation of eight newRCRA groundwater moni-

toring wells (Table 5.1-1) by February 29, 2000. Well

data packages will be published in fiscal year 2000

with more detailed information about these new wells,

including the detailed geologic and geophysical

descriptions and a complete set of sampling data results.

Sixteen new wells were installed in the 100 Areas for

activities related to environmental restoration. One

well was installed to support characterization for a

proposed immobilized low-activity waste repository

and another for vadose zone characterization at the

SX Tank Farm (see Table 5.1-1).

5.2 Well Maintenance

Maintenance of groundwater wells is performed

to meet regulatory requirements as part of a scheduled

preventive maintenance cycle (routine) or in response

to problems identified in the field (non-routine).

Non-routine maintenance includes both surface and

subsurface tasks. Surface tasks include conducting field

inspections, well labeling, maintenance and replace-

ment of locking well caps, casing repairs, and diagnosis

and repair of surface electrical and pump-discharge

deficiencies. Subsurface tasks include repairing and

replacing sampling pumps; performing camera surveys;

brushing casing perforations or screens; developing

wells to improve yield, recovery, and sample quality;

or removing sediment accumulation. Routine mainte-

nance is performed on a 5-year cycle in support of
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groundwater sampling and to minimize non-routine

maintenance activities. At a minimum, routine main-

tenance includes the following tasks:

• removal of groundwater sampling pump system

and/or aquifer testing instrumentation/equipment

• inspection and repair or replacement of sam-

pling pump system and/or aquifer testing

instrumentation/equipment

• brushing/cleaning of well casing perforations/well

screen

• removing debris and fill material

• developing the well

• performing borehole video camera survey

• reinstallation of sampling and/or aquifer-testing

instrumentation/equipment

• documenting well conditions and maintenance

activities.

About I 10 wells were repaired or

cleaned and 6 wells were decommissioned

in,fiscal year 1999.

Non-routine tasks are performed in response to a

problem identified in the field. Non-routine mainte-

nance tasks are varied and dependent on the specific

problem encountered at a well.

A summary of the number of maintenance activi-

ties by regulatory program, on which routine and

maintenance tasks were performed in fiscal year 1999,

is presented in Table 5.2-1.

5.3 Well Decommissioning

Decommissioning activities result in the perma-

nent removal of a well frotn service and from the

Hanford Site well inventory. Well decommissioning

is performed in accordance with Ecology standards

(WAC 173-160). A well becomes a candidate for

decommissioning if its use has been permanently dis-

continued; if its condition is so poor that its continued

use is impractical; or it poses an environmental, safety,

or public health hazard.

Wells that present the risk of being immediate

hazards to the public health or safety are categorized

into basic risk groups (high, medium, and low). These

categories identify wells that have the potential to

provide preferential pathways that allow movement of

contaminants deeper into the subsurface strata. Well

classifications are shown in Figure 5.3-1.

At this time, well decommissioning is generally

driven by the long-range environmental restoration

schedule (DOE/RL-96-105, Rev. 1). During fiscal

year 1999, six Hanford Site wells were decommis-

sioned (Table 5.3-1). Wells decommissioned to date

on the Hanford Site are illustrated also in Figure 5.3-1.
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Table 5.1-1. Well Installations for Fiscal Year 1999

Well Number Well ID Program Project

199-D4-19 B8746 CERCLA 100-HR-3 Operable Unit

199-D4-20 B8750 CERCLA 100-HR-3 Operable Unit

199-D4-21 B8755 CERCLA 100-HR-3 Operable Unit

199-D4-22 B8778 CERCLA 100-HR-3 Operable Unit

199-D4-23 B8779 CERCLA 100-HR-3 Operable Unit

199-D5-36 B8744 CERCLA 100-HR-3 Operable Unit

199-D5-37 B8745 CERCLA 100-HR-3 Operable Unit

199-D5-38 B8747 CERCLA 100-HR-3 Operable Unit

199-D5-39 B8748 CERCLA 100-HR-3 Operable Unit

199-D5-40 B8749 CERCLA 100-HR-3 Operable Unit

199-D5-41 B8751 CERCLA 100-HR-3 Operable Unit

199-D5-42 B8752 CERCLA 100-HR-3 Operable Unit

199-D5-43 B8753 CERCLA 100-HR-3Operable Unit

199-D5-44 B8754 CERCLA 100-HR-3 Operable Unit

199-H4-65 B8759 CERCLA 100-HR-3 Operable Unit

199-K-126 B8760 CERCLA 100-KR-4 Operable Unit

299-E17-21 B8500 ILAW ILAW

299-E33-334 B8810 RCRA B-BX-BY tank farms

299-E33-335 B8811 RCRA B-BX-BY tank farms

299-W15-41 B8815 RCRA TX-TY tank farms

299-W22-48 B8812 RCRA S-SX tank farms

299-W22-49 B8813 RCRA S-SX tank farms

299-W22-50 B8814 RCRA S-SX tank farms

299-W23-19 B8809 RPP RPP

299-W26-13 B8817 RCRA 216-5-10 pond and ditch

699-43-44 B8758 RCRA B Pond

ILAW = Immobilized low-activity waste
RPP = River Protection Project.

Table 5.2-1. Well Maintenance Stuutnary

ProQram Routine Nonroutine

RCRA 11 42

CERCLA 5 23

Surveillance 14 16

Total 30 81

RCRA = Resource Conservation and Recovery Act of 1976.
CERCLA = Comprehensive Environmental Response, Compensation,

and Liability Act of 1980.
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Table 5.34. Wells Decommissioned in Fiscal Year 1999

Well Name Well ID Location Date

199-D5-12 A4569 100 D September 30, 1999

299-E25-27 A4772 200 East December9,1999

299-E25-33 A4781 200 East December 9, 1999

299-E25-49 A6038 200 East December 14, 1999

299-E25-50 A6039 200 East December 10, 1999

299-W23-234 B2828 200 West August 30, 1999

!'\
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6.0 References

Public Laws Washington Administrative Code

Atomic Energy Act of 1954, as amended, Ch. 1073,

68 Stat. 919, 42 USC 2011 et seq.

Comprehensive Environmental Response, Compensa-

tion, and Liability Act of 1980, as amended, Public Law

96-510, 94 Stat. 2767, 42 USC 9601 et seq.

Resource Conservation and Recovery Act of 1976, as

amended, Public Law 94-580, 90 Stat. 2795, 42 USC

6901 et seq.

Code of Federal Regulations

40 CFR 141, Code of Federal Regulations, Tide 40,

Part 141. National Primary Drinking Water Regulations.

40 CFR 142, Code of Federal Regulations, Title 40,

Part 142. National Primary Drinking Water Regulations

Implementation.

40 CFR 143, Code of Federal Regulations, Title 40,

Part 143. National Secondary Drinking Water Regulations.

40 CFR 265, Code of Federal Regulations, Title 40,

Part 265, Subpart F. Interim Status Standards for Own-

ers of Hazardous Waste Treatment, Storage, and Disposal

Facilities.

U.S. Department of Energy Orders

DOE Order 5400.5. Radiation Protection of the Public

and the Environment, as amended, U.S. Department

of Energy, Washington, D.C.

Revised Code of Washington

Chapter 105, Hazardous Waste Management Act.

WAC 173-160, Washington Administrative Code.

RCW 70.105, Revised Code of Washington, Title 70,

Minimum Standards for Construction and Maintenance of

Wells. Olympia, Washington.

WAC 173-200, Washington Administrative Code.

Water Quality Standards for Ground Waters of the State

of Washington. Olympia, Washington.

WAC 173-201A-040, Washington Administrative

Code. Water Quality Standards for Surface Waters of

the State of Washington. Olympia, Washington.

WAC 173-216, Washington Administrative Code.

State Waste Discharge Program. Olympia, Washington.

WAC 173 - 304, Washington Administrative Code.

Minimum Functional Standards for Solid Waste Han-

dling. Olympia, Washington.

WAC 173-340, Washington Administrative Code.

Model Toxics Control Act - Cleanup. Olympia, Wash-

ington.

WAC 246-290-310, Washington Administrative

Code. Maximum Contaminant Levels (MCLs). Olym-

pia, Washington.

ANL - Argonne National Laboratory. 1997. RESRAD

for Windows, Version 5.781. Argonne National Labo-

ratory, Environmental Assessment Division, Argonne,

Illinois.

ARH-ST-156. 1977. Evaluation of ScintzllationProbe

Profiles from 200 Area Crib Monitoring Wells. K. R.

Fecht, G. V. Last, and K. R. Price, Atlantic Richfield

Hanford Company, Richland, Washington:
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BHI-00061. 1994. Engineering Evaluation of the GAO-

RCED-89-157, Tank 241-T-106 Vadose Zone Investi-

gation. J. R. Freeman-Pollard, Bechtel Hanford, Inc.,

Richland, Washington.

BHI-00127. 1995. 100-H Area Technical Baseline

Report. D. Deford and M. W. Einan, Bechtel Hanford,

Inc., Richland, Washington.

BHI-00345, Rev. 1. 1996. Pore Water Chromium

Concentration at 100-H Reactor Area Adjacent to Fall

Chinook Salmon Spawning Habitat of the Hanford Reach,

Columbia River. S. J. Hope and R. E. Peterson, Bechtel

Hanford, Inc., Richland, Washington.

BHI-00442, Rev. 0. 1995. In Situ Flowmeter Results

and Analysis for the 216-BY Cribs Vicinity. G. L. Kasza,

Bechtel Hanford Company, Richland, Washington.

BHI>00459. 1996. Numerical Analysis of Carbon Tetra-

chladde Movement in the Saturated and Unsaturated Zones

in the 200 West Area, Hanford Site. M. G. Piepho,

Bechtel Hanford, Inc., Richland, Washington.

BHI-00469.. 1996. Hanford Sitewide Groundwater

Remediation Strategy - Groundwater Contaminant Pre-

dictions. G. R. Chiaramonte, C. W. Denslow, A. J.

Knepp, R. D. Landon, and S. Panday, Bechtel Hanford,

Inc., Richland, Washington.

BHI-00720, Rev. 3. 1999. Perforntance Evaluation

Report for Soil Vapor Extraction Operations at the Carbon
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BHI-00917. 1996. Conceptual Site Models for Ground-

water Contamination at 100-BC-5, 100-KR-4, 100-HR-3,

and 100-FR-3 Operable Units. R. E. Peterson, R. F.

Raidl, and C. W. Denslow, Bechtel Hanford, Inc.,

Richland, Washington.

BHI=01105. 1997. Rebound Study Report forxhe Car-

bon Tetrachloride Soil Vapor Extraction Site, Fiscal Year

1977. V. J. Rohay, Bechtel Hanford, Inc., Richland,

Washington.

BHI-01131. 1997. Chromium Plume West of the

100-D/DR Reactors--Data Supplement. M. P. Connelly,

CH2M Hill Hanford, Inc. for Bechtel Hanford, Inc.,

Richland, Washington.

BHI-01153. 1998. Aquifer Sampling Tube Completion

Report: 100 Area and Hanford Townsite Shorelines. R. E.

Peterson, J. V. Borghese, and D. B. Erb, CH2M Hill

Hanford, Inc. for Bechtel Hanford, Inc., Richland,

Washington.

BHI-01185, Rev. 0. 1998. 100-D Area Chromium

Study Report. J. A. Lerch, Bechtel Hanford, Inc.,

Richland, Washington.

BHI-01271, Rev. 0. 1998. Data Summary Report for

116-N-1 and 116-N-3 Facility Soil Sampling to Support

Remedial Design. J. D. Ludowise, Bechtel Hanford,
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BHI-01309, Rev 0. 1999. The Chromium Groundwater

Plcime West of the 100-D/DR Reactors: Summary and
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W. J. McMahon, and J. V. Borghese, Bechtel Hanford,

Inc., Richland, Washington.

BHI-01311, Rev. 0. 1999. Hydrogeologic Conceptual

Model for the Carbon Tetrachloride and Uranium/

Technetium Plumes in the 200 West Area: 1994 Through
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Solute Transport (CFEST) Model: Formulation and
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Appendix A

Supporting Information

M. J. Hartma.n

This appendix lists supplemental information for

waste disposal facilities on the Hanford Site requiring

groundwater monitoring and regulated under the Wash-

ington Administrative Code (WAC) (Figure A.1).

Most of these are regulated under the Resource Conser-

vation and Recovery Act of 1976 (RCRA) (WAC 173-

303), on which this appendix is focused. Three treated

effluent disposal facilities (WAC 173-216), one solid

waste landfill (WAC 173-304), and various ground-

water operable units ( Comprehensive Environmental

Response, Compensation, and Liability Act of 1980

[CERCLA]) are also included. Exceedance of drink-

ing water standards and derived concentration guides

are also discussed for each geographic region. Infor-

mation required by the regulations ( e.g., assessing the

adequacy of the monitoring networks) is included for

each RCRA unit.

Table A.1 lists the monitoring status for RCRA

facilities at the end of fiscal year 1999. Estimates of

groundwater velocity, and supporting data, are shown

for RCRA sites in Table A.2. Table A.3 lists wells

exceeding drinking water standards for each regulated

unit during fiscal year 1999.

The supplemental information includes tables

of wells, constituents, and statistical evaluations

(Table A.4 through A.51) and maps of well locations

(Figures A.2 through A.23). The tables provide refer-

ences to applicable monitoring plans. Wells that are

sampled jointly with other RCRA units or to meet the

requirements of other regulations or U.S. Department

of Energy (DOE) orders are noted in the "other net-

works" column.

A.1 100 B/C Area

The 100 B/C Area continued to be monitored in

accordance with CERCLA (100-BC-5 Operable Unit)

and the Atomic Energy Act of 1954. The CERCLA

well network and constituent list were revised in fiscal

year 1999 and are documented in Federal Facility

Agreement and Consent Order Change Control Form

No. M-15-99-03, dated July 14, 1999. Sampling sched-

ules and analyte selection are coordinated to meet the

requirements of both regulations.

Monitoring wells in the 100 B/C Area are sam-

pled biannually to quarterly. Strontium-90 and trit-

ium exceeded their interim drinking water standards

locally. Gross beta also exceeded its standard, coae-

sponding to the wells with high strontium-90. Chro-

miun3..exceeded the maximum contaminant level in

two wells, nitrate in one well. No radiological con-

taminants were detected at levels above the derived

concentration guides.

A.2 100 K Area

Regulatory compliance issues related to ground-

water in the 100 K Area include monitoring associ-

ated with the KE and KW Fuel Storage Basins and

CERCLA environmental restoration activities.

A.2.1 KW and KE Fuel Storage Basins

Groundwater monitoring in fiscal year 1999 indi-

cated there were no new leaks from these basins. DOE

monitors groundwater around these facilities to ensure

compliance with requirements for nuclear fuel and

waste storage facilities (DOE Order 5400.1 [IV]9b).

The regulatory basis for monitoring these facilities is
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further described in the Hanford Site environmental

monitoring plan (DOE/RL-91-50, Rev. 2). The imple-

mentation of these monitoring and reporting require-

ments is contained in a groundwater monitoring and

assessment plan (WHC-SD-EN-AP-174).

A.2.2 100-KR-4 Operable Unit

The environmental restoration contractor con-

tinued to operate a pump-and-treat system for chro-

mium in 100 K Area in fiscal year 1999. The system

is an interim action in response to a 1996 record of

decision (ROD1996a).

The specific objectives of tFie pump-and-treat sys-

tem are to protect aquatic receptors in the Columbia

River bottom substrate from contaminants in ground-

water entering the Columbia River, protect human

health by preventing exposure to contaminants in the

groundwater, and provide information leading to a

final remedy. The performance evaluation and annual

summary reports indicated that the pump-and-treat sys-

tem reduces contaminant flux to the Columbia River

by creating a hydraulic barrier that extends along the

length of the trench. The extraction wells and treat-

ment system capture and remove contaminants from

the groundwater passing between the trench and the

river that otherwise would enter the Columbia River.

Institutional controls prevent access to groundwater,

thereby protecting human health. Water-level, con-

taminant, system treatment cost and efficiency, and

geologic data all serve to provide the decision basis for

the future final remedy. This area is discussed in more

detail in Section 2.3 of the main text.

CERCLA characterization of groundwater con-

tamination also continued in fiscal year 1999. The

groundwater monitoring schedule consists predomi-

nantly of annual sampling of wells, with analyses for

anions, metals, and radiological indicators (BHI-00916).

The list of wells, frequency of sampling, and analyses

to be performed are described in National Priorities

List Agreement/Change Control Form No. 108, dated

November 20, 1996. DOE/RL-96-90 and DOE/RL-

96-84 describe sampling and monitoring required as

part of the interim action.

A.2.3 Drinking Water Standards and
Derived Concentration Guides

In fiscal year 1999, strontium-90 exceeded the

1,000-pCi/L derived concentration guide in well

199-K-109A, near the 116-KE-2 crib. Tritium

exceeded the 2 million pCi/L derived concentration

guide in well 199-K-30. Wells downgradient of the

KW and KE Reactors exceeded the drinking water

standards for tritium, strontium-90 (and gross beta),

carbon-14, and nitrate. Chromium exceeded the

100-µg/L maximum contaminant level near the

KE Reactor and the 116-K-2 liquid waste disposal

trench. Trichloroethylene exceeded the 5-µg/L maxi-

mum contaminant level near the KW Reactor. Two

wells upgradient ofKE Reactor exceeded the 0.1 mg/L

limit for nickel. Single samples exceeded the maximum

contaminant levels for cadmium and thallium in fil-

tered samples from wells 199-K-34 and 199-K-36,

respectively. Isolated exceedances of secondary limits

for iron, manganese, and nickel also were observed.

A.3 100 N Area

Regulatory compliance of the groundwater in the

100 N Area includes RCRA monitoring, CERCLA

environmental restoration activities, and a National

Pollutant Discharge Elimination System permit under

the Federal Water Pollution Control Act.

A.3.1 RCRA Units

The 1301-N, 1324-N/NA, and 1325-N liquid
waste disposal facilities are monitored in accordance

with RCRA interim status indicator evaluation pro-

grams (40 CFR 265, WAC 173-303-400). During fis-

cal year 1999, upgradient and downgradient wells were

sampled twice for contamination indicator parameters

(pH, specific conductance, total organic carbon, and

total organic halides) and once for groundwater quality

and site-specific parameters (Table A.4 and Figure A.2).

The critical mean values for indicator parameters

were all revised in December 1999 for evaluating the

data from September 1999 and from fiscal year 2000

LJ
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(Tables A.5 through A. 7). The new values are based

on recent data (1997 through 1999) from the upgm-

dient wells.

that concluded the exceedance did not indicate con-

tamination from the facility (see Section 2.4 of the

main text).

At the 1301-N facility, total organic carbon in

downgradient well 199-N-3 exceeded the critical mean

value in January, March, and September 1999. Wash-

ington State Department of Ecology (Ecology) was

notified in February 1999. Because no organic constitu-

ents of concern have been identified in 1301-N waste

or sediment, the contamination is assumed to come

from another source, and the site remains in indicator

evaluation status.

Specific conductance in wells 199-N-59, 199-N-72,

and 199-N-73 downgradient of the 1324-N/NA site

continued to exceed the critical mean value in fiscal

year 1999. A groundwater quality assessment indi-

cated that the high specific conductance is caused by

the non-hazardous constituents sulfate and sodium

(WHC-SD-EN-EV-003, Rev. 1). Because an assess-

ment has already been completed and non-hazardous

constituents caused the high conductance, no further

action was needed.

Concentrations of total organic carbon in one

downgradient well (199-N-59) continued to exceed the

critical mean value in March 1999 at the 1324-N/NA

site. Ecology has agreed that the contamination is

from another source so assessment monitoring is not

required. In accordance with Ecology's instruction, a

detection monitoring program continues for this site.

Total organic carbon data from September 1999 did

not exceed the revised critical mean value.

The revised critical mean value for specific con-

ductance at the 1325-N facility was lower than the

previous value, and two of the downgradient wells

exceeded the revised mean in September 1999. DOE

notified Ecology and submitted an assessment report

Of the dangerous waste constituents or byproduct

discharged to these facilities, only nitrate exceeded

the maximum contaminant level, and the sources are

unclear (see Section 2.43 of main text). The 1301-N

and 1325-N facilities have contaminated the ground-

water with tritium and strontium-90, but radionuclides

are not monitored as part of the RCRA program at

these facilities. The 1324-N/NA site has contami-

nated groundwater with sulfate and sodium, which are

not dangerous waste constituents. Table A.3 lists

constituents that exceeded drinking water standards

in fiscal year 1999.

The closure plans for these facilities were revised

and incorporated into a modification of the Hanford

Site RCRA Permit (Ecology 1994). The modification

became effective in fiscal year 1999. Remedial actions

will be integrated with the 100-NR-1 and 100-NR-2

Operable Units. The closure plan (DOE/RL-96-39)

states that RCRA monitoring during and after closure

activities will continue, according to the existing

interim status monitoring plan (WHC-SD-EN-AP-038,

Rev. 2). The current well networks adequately moni-

tor the sites, and there are no plans to modify the net-

works in fiscal year 2000.

A.3.2 100-NR-2 Operable Unit

A pump-and-treat system for strontium-90 con-

tinued to operate in 100 N Area in fiscal year 1999.

The environmental restoration contractor operates

the system in response to an action memorandum1a)

and a record of decision signed in September 1999

(Ecology 1999).

(a) Letter from D. Butler (Washington State Department of Ecology) and R. E Smith (U.S. Environmental Protection Agency)

to R. Izatt (U.S. Department of Energy, Richland Operaxions Office, Richland, Washington) dated September 23, 1994, "Action

Memorandum: N-Springs Expedited Response Action Cleanup Plan, U.S. Department of Energy, Hanford Site, Richland,

Washington."
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The goals of this pump-and-treat system are to:

• reduce strontium-90 contamination flux from the

groundwater to.the Columbia River

• evaluate commercially available treatment options

for strontium-90

• provide data necessary to set demonstrable

strontium-90 groundwater cleanup standards.

The system met these goals in fiscal year 1999

(see Section 2.4.1 of the main text). The pump-and-

treat operation is successfully intercepting and captur-

ing groundwater containing elevated concentrations

of strontium-90, and preventing that groundwater from

discharging into the Columbia River. The pump-and-

treat program collects hydraulic monitoring data, con-

taminant monitoring data, and treatment system

operation data to assess treatmentsystem performance,

and to provide the basis for selecting the final remedy.

The Sitewide Environmental Surveillance Project

collects riverbank seepage annually. Authority for

this activity comes from DOE orders for environmen-

tal monitoring. The results are presented in an annual

report (e.g., Section 4.2 in PNNL-11795). The Near-

Facility Environmental Monitoring Program, which is

also mandated primarily by DOE orders, conducts

additional groundwater and surface water monitoring.

Samples are collected from 13 near-river well casings;

which have been driven:into the shoreline gravels,

and also from a near-river monitoring well. The moni-

toring supports activities for waste management and

environmental restoration and helps determine the

effectiveness of effluent treatment and control practices.

Results are presented annually (e.g., HNF-EP-0573-6).

A.3.3 Pollution Permit

Until May 1999, the National Pollutant Discharge

National Priorities List Agreement/Change Con-

trol Form No. 113, dated March 25, 1997, specifies

performance monitoringrequirements for the N Springs

pump-and-treat system. The basic requirement is to

sample the process influent and effluent streams

monthly for strontium-90 analysis and to place the

analytical results in a database to which the regulator

has access. An update to the original monitoring plan

(i.e., BHI-00164, Rev. 1) identifies and summarizes all

current groundwater monitoring being conducted in

the 100 N Area (BHI-01165).

The remedial investigation for the 100-NR-2 Oper-

able Unit also collected groundwater data in fiscal year

1999. Monitoring results, along with information

gained by operating the pump-and-treat system, will

be used to support selection of a final remediation

alternative for the operable unit. Federal Facility Agree-

ment and Consent Order Change Control Form No.

M-15-96-08, signed on October 9, 1996, lists the wells

and analyses to be performed to satisfy groundwater

monitoring requirements for the 100-NR-2 Operable

Unit (CERCLA) and the 1301-N, 1325-N, and

1324-N/NA facilities (RCRA).

Elimination System permit required that 100 N Area

well 199-N-8T be sampled quarterly for ammonium,

chromium, grease, iron, oil, and temperature. The

original purpose of this sampling was to monitor the

effects of effluent discharge that was associated with

the 1301-N and 1325-N facilities at a near-river loca-

tion. Because neither facility has been in operation

since 1991, the permit was revised to eliminate this

requirement. . . . .

A.3.4 Drinking Water Standards and
Derived Concentration Guides

Strontium-90 continued to exceed the 1,000-pCi/L

derived concentration guide in well 199-N-67. Nitrate,

strontium-90 (and gross beta), sulfate, and tritium

continued to exceed maximum contaminant levels or

drinking water standards in the 100N Area. Filtered

manganese exceeded its secondary maximummntami-

nant level in two wells. Filtered chromium exceeded

its maximum contaminant level in one well completed

in a locally confined unit.

%
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A.4 100 D Area

RCRA and CERCLA govern groundwater moni-

toring in the 100 D Area. CERCLA environmental

restoration activities include remedial investigations

and performance monitoring associated with the

groundwater interim action pump-and-treat system.

A.4.1 120-D-1 Ponds

The 120-D-1 ponds well network (Table A.8 and

Figure A.3) was sampled oncem fiscal year 1999. After

that, Ecology implemented modification E of the Han-

ford Site RCRA Permit (Ecology 1994) and the site

was clean closed. This means that all dangerous waste

or dangerous waste constituents or residues associated

with the operation of the ponds have been removed.

The closure plan (DOE/RL-92-71, Rev. 2) is a demon-

stration of dean closure, and there are no requirements

for a landfill cover, postclosure care, or further ground-

water monitoring.

Statistical evaluations of indicator parameter data

indicated that the ponds have had no adverse impact

on groundwater quality. Mercury is the only listed

waste that may have been discharged to these ponds

and was never detected in any of the downgradient

monitoring wells. Chromium and nitrate from upgra-

dient sources exceeded maximum contaminant levels

(see Table A.3).

AA.2 100-HR-3 Operable Unit

The extraction well network in the northem region

of the 100 D Area continued to operate through fiscal

year 1999. The purpose for the interim remedial action

is to decrease the amount of hexavalent chromium

that is entering the Columbia River via groundwater.

The key documents that pertain to this interim action

are the record of decision to proceed (ROD 1996b)

and the performance monitoring plan (DOE/RL-96-84).

The specific objectives of the pump-and-treat sys-

tem are to protect aquatic receptors in the river bot-

tom from contaminants in groundwater entering the

Columbia River, protect human health by preventing

exposure to contaminants in the groundwater, and

provide information leading to a final remedy. The

performance evaluation and annual summary reports

indicated that the pump-and-treat reduces contami-

nant flux to river by creating a hydraulic barrier that

extends parallel along the length of the trench. The

extraction wells and treatment system capture and

remove contaminants from the groundwater passing

between the trench and the river that otherwise would

enter the Columbia River. Institutional controls pre-

vent access to groundwater, thereby protecting human

health. Water-level, contaminant, system treatment

cost and efficiency, and geologic data collected in sup-

port of the project all serve to provide the decision basis

for the future final remedy. It is discussed in more

detail in Section 2.5 of the main text.

Groundwater monitoring in other 100-HR-3 wells

in 100 D Area also continued during fiscal year 1999.

The list of wells to be sampled and the analyses to be

performed have been agreed on and are described in

National Priorities List Agreement/Change Control

Form No. 107, dated November 20, 1996. Most wells

are sampled annually, and the samples are analyzed for

anions, metals, and radiological indicators. DOE/RL-

96-90 and DOE/RL-96-84 describe monitoring required

as part of the interim action.

The U.S. Environmental Protection Agency

(EPA), Ecology, and DOE signed an amended record

of decision for the 100-HR3 Operable Unit in Octo-

ber 1999 (ROD 1999). The amendment adds a require-

ment for implementing in situ redox manipulation to

remediate the chromium plume in the southwestern

100 D Area. The goal of this treatment system is to

reduce concentrations of hexavalent chromium to

20 Ng/L or less in compliance wells, which are yet to be

determined. A design report/work plan is being pre-

pared to define groundwater monitoring requirements.

A.4.3 Drinking Water Standards and
Derived Concentration Guides

Nitrate and chromium exceeded the maximum

contaminant levels or drinking water standards during
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fiscal year 1999 in a fairly broad area. Strontium-90

and tritium exceeded interim standards in one well in

the central 100 D Area and another well in the north-

ern 100 D Area; tritium contamination that migrates

from the 100 N Area is present in the southwestern

100 D Area at levels above the drinking water standard.

No radiological constituents exceeded the derived

concentration guides.

A.5 100 H Area

RCRA and CERCLA govern groundwater moni-

toring in the 100 H Area. Environmental restoration

activities under CERCLA include remedial investiga-

tions and performance monitoring associated with the

groundwater interim action pump-and-treat system.

A.5.1 183-H Solar Evaporation Basins

This RCRA unit continued to be monitored under

a final status corrective-action program during fiscal

year 1999 (WAC 173-303-645). The location was

incorporated into the Hanford Site RCRA Permit

(Ecology 1994) in 1998. Groundwater remediation is

integrated with the 100-HR-3 Operable Unit, where

remediation for chromium is under way. While the

pump-and-treat system is operating, RCRAmonitoring

consists of annual sampling of four wells for chromium,

fluoride, nitrate, technerium-99, and uranium (PNNL-

11573; Table A.9 and Figure A.4). The wells were

sampled in November 1998.

The current monitoring network was designed to

accommodate groundwater flow imposed by the pump-

and-treat system. The network remains adequate, and

no changes are planned for fiscal year 2000.

A.5.2 100-HR-3 Operable Unit

The extraction and injection well networks in the

100 H Area continued to operate through fiscal year

1999.

The purpose for the interim action is to decrease

the amount of hexavalent chromium that is entering

the Columbia River via groundwater movement. The

key documents that pertain to this interim action are

the record of decision to proceed (ROD 1996a) and

the remedial action work plan (DOE/RL-96 84).

The specific objectives of the pump-and-treat sys-

tem are to protect aquatic receptors in the river bottom,

substrate from contaminants in groundwater entering

the Columbia River, protect human health by pre-

venting exposure to contaminants in the groundwater,

and provide information leading to a final remedy. The

performance evaluation and annual summary reports

indicated that the pump-and-treat system reduces

contaminant flux to the river by creating a hydraulic

barrier that extends parallel along the length of the

trench. The extraction wells and treatment system

capture and remove contaminants from the ground-

water passing between the trench and the river that

otherwise would enter the Columbia River. Institu-

tional controls prevent access to groundwater thereby

protecting human health. Water-level, contaminant,

system treatment cost and efficiency, and geologic data

all serve to provide the decision basis for the future

final remedy. The interim action is discussed in more

detail in Section 2.6 of the main text.

Groundwater monitoring in other 100-HR-3 wells

in the 100 H Area also continued during fiscal year

1999. The list of wells to be sampled and the analyses

to be performed have been agreed on and are described

in National Priorities List Agreement/Change Con-

trol Form No. 107, dated November 20, 1996. Most

wells are sampled annually, and the samples are ana-

lyzed for anions, metals, and radiological indicators.

During fall 1998, aquifer sampling tubes and riverbank

seepage were sampled. DOE/RL-96-90 and DOE/RL-

96-84 describe additional monitoring that is required

as part of the interim action.

A.5.3 Drinking Water Standards and
Derived Concentration Guides

Maximum contaminant levels were exceeded in

the 100 H Area for the following constituents during

fiscal year 1999: chromium and nitrate throughout

the 100 H Area, gross beta near the former 183-H
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solar evaporation basins and 107-H retention basins,

strontium-90 near the former 107-H retention basins,

and uranium near the former 183-H basins. In all cases,

the fiscal year 1999 values exceeded the limits by rela-

tively small margins. Another contaminant of con-

cern, technetium-99, remained below the 900-pCi/L

standard in fiscal year 1999. No radiological constitu-

ents exceeded the derived concentration guides.

A.6 100 F Area

CERCLA ( 100-FR-3 Operable Unit) and the

Atomic Energy Act of 1954 govern groundwater moni-

toring in the 100 F Area. The CERCLA monitoring

network and constituent list were revised in fiscal year

1999 and are documented in Federal Facility Agree-

ment and Consent Order Change Control Form No.

M-15-99-02, dated July 14, 1999. The Hanford

Groundwater Monitoring Project coordinates sampling

schedule's and analyte selection to meet the require-

ments of both regulations. Wells are sampled biannu-

ally to quarterly.

Nitrate exceeds its maximum contaminant level

beneath most of the 100 F Area and downgmdient:

Gross beta, strontium-90, trichloroethylene, tritium,

and uranium also exceeded standards locally. No

radiological constituents exceeded the derived con-

centration guides.

A.7 200 West Area

RCRA, CERCLA, and state dangerous waste regu-

lations govern groundwater monitoring in the 200 West

Area. Groundwater is monitored at eight RCRA sites

and two groundwater operable units.

A.7.1 Waste Management Area S-SX

This RCRA site continued to be monitored under

an interim status assessment program during fiscal year

1999. DOE initiated the assessment program in

response to a directive from Ecology in 1996. The

directive cited anomalous trends in technetium-99 and

high specific conductance as primary reasons for the

assessment. An assessment plan was submitted in

August 1996 (WHC-SD-EN-AP-191). A report on

the results of the assessment (PNNL-11810) concluded

that this waste management area contributed to ground-

water contamination. Accordingly, investigationpf

the rate and extent of the contamination is required.

Current monitoring wells and constituents are listed

in Table A.10. Well locations are shown in Figure A.5.

Three new wells were installed in 1999 to improve

spatial coverage and to replace wells going dry. Addi-

tional wells are needed to replace upgradient wells

that will be dry in 2000 and in the following years.

However, any new drilling for fiscal year 2000 is sub-

ject to funding availability.

The rate of movement (see Table A.2) and extent

of contamination at this site are discussed in Section 2.8

of the main text.

A.7.2 Waste Management Area T

This RCRA site continued to be monitored under

an interim status assessment program during fiscal year

1999 (Table A. 11 and Figure A.6). Waste management

areasT and TX-TY began assessment monitoring in

November 1992 because of high specific conductance

in downgradient wells (WHC-SD-EN-AP-132).

Assessment findings (PNNL-11809) indicated that

contaminants in we11299-W10-15 are a result of sources

outside the waste management area. There is strong

evidence, however, that contaminants observed in

well 299-W11-27, which include chromium, cobalt-60,

nitrate, technetium-99, andtritium, are a result of

sources within the waste management area, so assess-

ment work has continued. The plume detected in well

299-W11-27 has reached we11299-Wll-23, located to

the east of 299-W 11-27, apparently as a result of

changed groundwater flow direction at Waste Man-

agement Area T.

The rate of groundwater flow (see Table A.2) and

the extent of contamination at this site is discussed in

Section 2.8.
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The current network of wells is inadequate for

assessment monitoring. A minimum of two and prob-

ably three new wells are needed along the eastern

margin of the waste management area. Two have.

been proposed, one between wells 299-W11-23 and

299-W 11-24, and one between wells 299-W11-24 and

299-W11-12. However, the evidence from the

technetium-99 plume (PNNL-11809) indicates that

an appropriate well spacing is -35 meters. Thus, two

new wells between 299-W1'1-24 and 299-W11-12

would,be appropriate. In addition, there is inadequate

upgradient coverage because of the change in ground-

water flow direction.

A.7.3 Waste Management Area TX-TY

This RCRA unit continued to be monitored under

an interim status assessment program during fiscal year

1999 (Table A.12 and Figure A.6). Waste Management

Area TX-TY began assessment monitoring in Novem-

ber 1991 because of high specific conductance in wells

299-W10-17 and299-W14-12 (WHC-SD-EN-AP-

132). The exceedance in well 299-W14-12 was

accompanied by elevated cobalt-60, iodine-129,

technetium-99, and tritium. Assessment results

(PNNL-11809) indicated that contaminants in well

299-W10-17 are a result of sources outside the waste

management area. Assessment results for well 299-

W14-12 indicate that the contamination is consistent

with a source within the waste management area,

though upgradient sources are also possible. Because

there was no direct evidence for upgradient sources,

assessment continues at the site. Well 299-W 15-40

was drilled near the 216-T-25 trench in fiscal year

1999 to evaluate its potential role in providing the

observed contamination. Results indicate that the

trench is not the source of contamination.

The rate of groundwater flow (see Table A.2) and

the extent of contamination at this site is discussed in

Section 2.8.

management area is -70 meters, and a plume could

pass through undetected. In addition, because well

299-W 14-12 is expected to go dry, there are no wells

located at intermediate or farther distances to track

plume movement, and there are no upgradient wells

for the northern portion of the waste management

area (TY Tank Farm).

A.7.4 Waste Management Area U

Monitoring continued in accordance with RCRA

interim status indicator evaluation requirements in fiscal

year 1999. The site is sampled quarterly because con-

taminant concentrations fluctuate rapidly and because

of the evidence that low levels of technetium-99 from

the waste management area are contaminating ground-

water. Quarterly sampling provides assurance that

changes will be detected rapidly. The wells are sampled

for a broader suite of constituents than specified under

the RCRA interim status requirements (Table A. 13

and Figure A.5).

Indicator parameter data from upgradient wells

were statistically evaluated, and values from down-

gradient wells were compared to values established

from the upgradient wells. Two downgradient wells

(299-W18-30 and 299-W19-42) continue to exceed

the critical mean value of total organic halides during

the first and second quarter of fiscal year 1999. The

exceedance is caused by an upgradient source of carbon

tetrachloride, and a letter of notification and assess-

ment report were submitted to Ecology in August 1998.

Field specific conductance in two new downgradi-

ent wells (299-W19-41 and 299-W19-42) exceeded

the critical mean value in December 1998 and February

1999. However, laboratory analyses and relationships

between cations/anions and specific conductance did

not support the field measurements. Verification sam-

pling was not necessary. Anomalous, high field meas-

urements were attributed to a bad batch of calibration

solution and the problem was corrected.

The well network is inadequate for assessment

monitoring. The average distance between monitor-

ing wells along the southeastern margin of the waste

The critical range for pH was exceeded in one

downgradient well (299-W19-12) during February

1999. This well was a pre-RCRA well that has had
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higher pH historically. A new groundwater monitor-

ing plan is being prepared, recommending that this

well be replaced by a new RCRA standard well and

during the interim, this well will be used for informa-

tion only. Background levels were re-established to

reflect this change.

Critical mean values were revised in December

1999 based on recent upgradient data (Table A.14).

The revised values were applied to data from August

1999. Recent specific conductance values in the upgra-

dient wells have been lower and have had less variabil-

ity than in the past, so the revised critical mean value is

lower. Consequently, downgradient well 299-W19-41

exceeded the revised critical mean in August 1999.

An assessment plan is being prepared.

The well network generally is adequate for detec-

tion monitoring. Well 299-W19-12, an older non-

RCRA well, is beingused temporarily to fill a gap in

the downgradient network between wells 299-W19-41

and 299-W19-42. This well is used for indication only

and a replacement well has been proposed. The upgra-

dient network will be reduced to one well within the

next year when the water level in wel1299-W18-25

drops too low for sampling.

Only carbon tetrachloride and gross beta exceeded

maximum contaminant levels in fiscal year 1999. The

carbon tetrachloride is discussed above. The gross

beta is caused by technetium-99, which is present in

the downgradient wells at concentrations below its

900-pCi/L drinking water standard.

A.7.5 216-5-10 Pond and Ditch

During fiscal year 1999, this facility continued to

be monitored semiannually under a RCRA interim

status indicator evaluation program (Table A.15 and

Figure A.7). Statistical evaluation of indicator

parameter data from downgradient wells indicates

that the site is not impacting groundwater. Because

downgradient we11299-W26-10 could not be sampled

during this fiscal year, background concentrations

were re-established using the fiscal year 1999 network

of one upgradient and two shallow downgmdienrwells

(Table A. 16). A new well was installed for use begin-

ning in fiscal year 2000.

Sample results that exceeded drinking water stan-

dards and maximum contaminant levels are presented

in Table A.3. Chromium remains elevated above the

100-pg/L standard in upgradient well 299-W26-7.

Because the upgradient well is located adjacent to the

216-5-10 pond (see Figure A.7), it is unclear if the

elevated chromium is from an upgradient source or

from past discharges to the pond. To assess the chro-

mium source further, a proposal is being drafted to

reclassify this well as a downgradient well and replace

it with a new upgradient well in calendar year 2000.

Currently the 216-5-10 pond and ditch are moni-

tored by only one upgradienrwell and two shallow

downgradient wells because other wells have gone dry.

The groundwater monitoring network is not adequate

for RCRA interim status monitoring. One new down-

gradient well (299-W26-13) is being installed down-

gradient of the pond and will provide groundwater data

for the continued evaluation of the elevated chromium.

Two additional wells, one upgradient and one down-

gradient, are proposed for installation in calendar year

2000.

A.7.6 216-U-12 Crib

This RCRA unit continued to be monitored under

an interim status assessment program in fiscal year

1999. Assessment monitoring began in 1993 because

of high specific conductance in two downgradient wells

(299-W22-41 and 299-W22-42) (WHC-SD-LEF-EV-

001). In fiscal year 1999, network monitoring wells

were sampled quarterly for constituents of interest

(Table A.17 and Figure A.8).

Based on the results of the assessment investiga-

tion (PNNL-11574), the site remains in interim status

assessment monitoring because of continued elevated

levels of nitrate and technetium-99. However, the

w A.9 m



Groundwater Monitoring for FY 1999

objective ofthe assessment monitoring, rather than

delineating the existing plumes, is focused on (1) deter-

mining whether the flux of constituents into the

groundwater is increasing, staying the same, or decreas-

ing; (2) monitoring the known constituents until a

near-term interim corrective action is defined; and

(3) monitoring until a final status plan is implemented.

The rate of groundwater flow (see Table A.2) and the

extent of contamination at this site is discussed in

Section 2.8.

The crib will not receive additional effluents and

is scheduled, according to provisions of the Hanford

Site RCRA Permit (Ecology 1994), to be closed under

RCRA final status regulations in 2005.

Currently the 216-U- 12 crib is monitored by only

one upgradient well (299-W22-43) and two downgra-

dient wells (299-W22-79, and 699-36-70A). Declin-

ing water levels have rendered downgradient wells

299-W22-41 and 299-W22-42 dry in the past year

(both wells last sampled in March 1999). The ground-

water monitoring network is not adequate for RCRA

interim status monitoring. One new well, 299-W22-79,

was installed in calendar year 1998 to replace the down-

gradient wells projected to go dry (PNNL-12127).

The upgradient well, 299-W22-43, is now projected to

go dry before the end of calendar year 2000. Two addi-

tional wells, one upgradient and one downgradient,

are proposed for installation in calendar year 2000.

Sample results that exceeded drinking water stan-

dards and maximum contaminant levels are presented

in Table A.3. Nitrate, which had a source at this crib,

remained elevated above the 45-mg/L standard in all

downgradient wells.

were compared to values established from the upgra-

dient wells. Critical mean values for the contamina-

tion indicator parameters were not exceeded in any of

the wells monitoring this waste management area.

Tables A.19 and A.20 list revised critical mean values.

The network continues to adequately monitor

this waste management area. Several of the ground-

water monitoring wells are approaching the point

where representative sampling will no longer be pos-

sible because of the declining water table. Additional

well installations are planned in calendar year 2000.

A.7.8 Low-Level Waste Management
Area 4

Wells are sampled semiannually for contamination

indicator parameters in accordance with RCRA interim

status regulations (Table A.21 and Figure A.10). Back-

ground concentrations for the general contamination

indicator parameters were re-established during the

second quarter of fiscal year 1999 because the influ-

ence of a nearby pump-and-treat system is causing a

reversal in the groundwater flow direction. The criti-

cal mean value for total organic halides was exceeded

in one downgradient well (299-W 15-16) in January

and July 1999. This well used to be an upgradient

well, and the exceedance is believed to be caused by

carbon tetrachloride from an upgradient source.

Updated critical mean values are listed in Table

A.22. However, indicator parameters will not be

evaluated statistically until groundwater flow stabilizes.

Meanwhile, wells are sampled semiannually to deter-

mine when flow stabilizes and to maintain continuity

in the database.

A.7.7 Low-Level Waste Management
Area 3

This RCRA site continued to be monitored under

interim status indicator evaluation requirements.

Groundwater monitoring wells were sampled twice in

fiscal year 1999 (Table A. 18 and Figure A.9). Indica-

tor parameter data from upgradient wells were statisti-

cally evaluated, and values from downgradient wells

This monitoring network is marginally adequate

to detect releases from Low-Level Waste Management

Area 4. Additional monitoring wells may be necessary

in the future, as the water level continues to decline

and to provide greater downgradient coverage. There

are tentative plans to change the designation of this

waste management area so that it will no longer be a

RCRA facility. If this change occurs, additional
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monitoring wells will not be installed, and groundwa-

ter monitoring will defer to surveillance monitoring.

A.7.9 200-UP-1 Operable Unit

The environmental restoration contractor con-

tinued to operate a pump-and-treat system in fiscal

year 1999 (Figure A.11).

The interim action objectives (ROD 1997) include

the following:

• reduce contamination in the areas of highest

concentration of technetium-99 and uranium to

below 10 times (480 mg(L) the cleanup level under

the Model Toxics Control Act (WAC 173-340) for

uranium, and 10 times (9,000 pCi/L) the maxi-

mum contaminant level for technetium-99

• reduce potential adverse human health risks

through reduction of contaminant mass

• prevent further movement of these contaminants

from the highest concentration area

• provide information that will lead to the devel-

opment and implementation of a final remedy

that will be protective of human health and the

environment.

As of July 1999, the high concentration portions

of the technetium-99 and uranium plumes were hydmu-

lically contained. However, they were not remediated

to the levels required by the interim action objectives

(ROD 1997). Significant progress was made in reduc-

ing the size and concentrations of the technetium

plume. Less progress has been made in remediating

the uranium plume because of its tendency to sorb to

the soil. Section 2.8.3 of the main text discusses

groundwater remediation in more detail.

A.7.10 200-ZP-1 Operable Unit

The pump-and-treat system continued to operate

in fiscal year 1999 (Figure A.12). The purpose of the

pump-and-treat system is to prevent further move-

ment of groundwater contamination from the high

concentration portion of the carbon tetrachloride

plume and to reduce contaminant mass (ROD 1995).

Section 2.8.3 of the main text discusses groundwater

remediation in more detail.

The interim action objectives (ROD 1995) include

the following:

• prevent further movement of contamination

from the highest concentration area of the plume

(i.e., containing carbon tetrachloride inside of

2,000 to 3,000 pg/L contour)

• reduce contamination in the area of highest car-

bon tetrachloride concentrations

• provide infoanation that will lead to development

of a final remedy that will be protective of human

health and the environment.

Data through fiscal year 1999 indicate that the

plume center (greater than 3,000 µg/L) is moving

primarily in a northerly and easterly direction toward

the four northernmost extraction wells. The concen-

trations of carbon tetrachloride east of the extraction

wells may be decreasing, as indicated by a decrease in

concentrations in monitoring well 299-W14-9 (from

-100 pg/L in mid-1997 to -20 µg/L at the end of fiscal

year 1999). However, the area of the 4,000 µg/L con-

tour has apparently increased in size since 1996.

Spreading of the 4,000 pg/L contour is attributed to

the effects of pumping.

A.7.11 State-Approved Land Disposal
Site

A state waste discharge permit (WAC 173-216)

requires groundwater monitoring at this site. The per-

mit was granted in June 1995, and the site began to

operate in December 1995,:.. Groundwater monitoring

for tritium only is conducted in 17 wells near the facil-

ity (Table A.23 and Figure A.13 ). The permit stipu-

lates requirements for groundwater monitoring and

establishes enforcement limits for concentrations of

16 constituents in 3 additional wells immediately sur-

rounding the facility andin background well 299-W8-1

(see Table A.23).

?ti A.11 -9,



Groundwater Monitoring for FY 1999

During fiscal year 1999, groundwater monitoring

wells immediately downgradient of the facility con-

tinued to reflect discharges of high levels of tritium to

the facility that occurred from 1996 through 1998.

Quantities of tritium discharged to the facility during

fiscal year 1999 have been minimal. No permit enforce-

ment limits were exceeded during fiscal year 1999.

Evaluation of the well network indicates that well

coverage is currently adequate to satisfy groundwater

monitoring requirements.

A.7.12 Environmental Restoration

Disposal Facility

drinking water standards in the 200 West Area. Ura-

nium was found at levels above its proposed maximum

contaminant level. Nitrate, carbon tetrachloride,

chloroform, chromium, fluoride, manganese, nickel,

and trichloroethylene were detected at levels above

the maximum contaminant levels.

A.8 200 East Area

Regulatory compliance issues related to ground-

water in the 200 East. Area include monitoring for

RCRA and CERCLA requirements. There is also one

state regulated disposal unit in this region.

This facility is a landfill authorized by CERCLA

that is designated to meet RCRA requirements of Sub-

part N, 40 CFR 264. The groundwater monitoring net-

work consists of one upgradient and three downgradient

wells that are sampled semiannually (Table A.24). In

addition, the facility has a system to collect and remove

leachate that helps evaluate whether the liner system

is performing within design standards. The groundwa-

ter protection plan for this landfill is published in

BHI-00079 and the sampling plan for groundwater

monitoring is documented in BHI-00873.

Monitoring wells for this facility were sampled

twice in fiscal year 1999. Groundwater data collected

from the monitoring network indicate that the facility

is not contaminating groundwater.

A.7.13 Drinking Water Standards and
Derived Concentration Guides

The highest tritium concentration in the 200 West

Area was slightly below the derived concentration

guide in fiscal year 1999 in we11299-W14-2. This well,

located near Waste Management Area TX-TY and

associated facilities,. exceeded the derived concentra-

tion guide in fiscal year 1998. Total uranium analyses

of samples from wells near U Plant that indicate the

derived concentration guides for uranium-234 and

uranium-238 were exceeded. Iodine-129, technetium-

99, and tritium were found at levels above the interim

A.8.1 Waste Management Area A-AX

This RCRA site continued to be monitored under

an interim status indicator evaluation program in fiscal

year 1999. Wells were sampled twice for indicator and

site-specific parameters (Table A.25 and Figure A.14).

Indicator parameter data from upgradient wells were

statistically evaluated, and values from downgradient

wells were compared to those established from the

upgradient we1Ls. The indicator parameters (specific

conductance, total organic carbon, pH, and total

organic halides) did not exceed critical mean values

during fiscal year 1999. Table A.26 updates the criti-

cal mean values based on recent upgradient data.

Because of uncertainty in flow directions, the well

network for this site may not be adequate for RCRA

monitoring. The aquifer ranges from 2.2 to 4.5 meters

thick in RCRA network wells. The rate of water-

table decline has increased from 9.1 centimeters per

year in 1997 to 30.5 centimeters per year in 1999. If

this rate continues, three of the RCRA compliant

wells at Waste Management Area A-AX will become

unusable in 6 years.

A.8.2 Waste Management Area B-BX-BY

RCRA assessment monitoring continued at this

waste management area in fiscal year 1999. Exceed•

ances ofthe critical mean value for specific conduc-

tance in February 1996 at wel1299-E33-32 initiated
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assessment monitoring. An assessment monitoring

plan (WHC-SD-ENV-AP-002) was issued in Septem-

ber 1996, followed by an assessment investigation.

Results indicated that tank waste from this waste man-

agement area had reached the groundwater (PNNL-

11826). The assessment program is continuing to

investigate the rate ofmovement and extent of ground-

water contamination at this site ( see Section 2.9.1 and

Table A.2). Wells are monitored at least quarterly,

and in some cases, monthly.

For fiscal year 1999, iodine-129, nitrate,

technetium-99, and uranium exceeded maximum

contaminant levels or drinking water standards in

RCRA compliant wells, with corresponding exceed-

ances of gross beta and gross alpha standards. A fur-

ther discussion of contaminant trends can be found in

Section 2.9.1.

Originally, the RCRA groundwater monitoring

network was designed for groundwater flow toward the

northwest, based on regional plume maps. This method

was used to determine flow direction because the water

table is almost flat in the immediate area of the farms.

As part of the ongoing studies, a series of steps are

being taken to refine water-level measurements to allow

a better determination the approximate flow direction

based on the local gradient. Although the aquifer is

thin through this area, ranging from 2 to 3 meters for

RCRA compliant wells, it is anticipated that these

wells can be used for at least 5 years.

In fiscal year 1999, the monitoring network was

expanded to include surrounding wells (Table A.27

and Figure A.15). Some of these wells are RCRA

compliant, while others are older wells installed to

monitor past-practice waste disposal sites. The choice

of monitoring wells is reviewed either monthly or

quarterly to track contamination moving through the

site. One new well, 299-E33-44, was installed in fiscal

year 1998 on the eastern side of BX Tank Farm in sup-

port of the assessment work. A discussion of results from

monitoring this well can be found in Section 2.9.1.

Two new wells will be drilled in fiscal year 2000 to

provide monitoring coverage in the southwestern cor-

ner of the site.

A.8.3 Waste Management Area C

This RCRA site continued to be monitored under

an interim status indicator evaluation program in fis-

cal year 1999. Monthly sampling began in fiscal year

1999 to assess the potential impact of waste removal

and sluicing of tank contents. In addition, the required

detection sampling was conducted twice for indicator

and site-specific parameters (Table A.28 and Fig-

ure A.14). Indicator parameter data from upgradient

wells were statistically evaluated. Values from down-

gradient wells were compared to values established

from the upgradient wells. The indicator parameters

(specific conductance, total organic carbon, pH, and

total organic halides) did not exceed critical mean

values during fiscal year 1999. Table A.29 lists revised

critical mean values based on recent data from upgra-

dient wells.

Currently, the well network for this site appears to

comply only marginally with the required placement of

groundwater monitoring wells because of changes and

uncertainty in the direction of flow (see Section 2.9.2).

A.8.4 PUREX Cribs

The 216-A-10, 216-A-36B, and 216-A-37-1 cribs

were monitored under a RCRA assessment program in

fiscal year 1999 (Table A.30 and Figure A.16). The

sites are monitored together because they have similar

hydrogeology and waste constituents. The groundwa-

ter monitoring plan (PNNL-11523) was changed from

an indicator parameter evaluation program to a ground-

water quality assessment program because of evidence

of contamination. Combining these cribs into one

RCRA groundwater monitoring area saves sampling

and analysis costs because the number of near-field

wells is reduced.

Many of the far-field wells that formerly were sam-

pled annually are now sampled every 3years. These

wells mainly track the extent and flow rate of the exten-

sive iodine-129, nitrate, and tritium plumes that change

very little in a 3-year period. This change was incor-

porated in two updates of the groundwater monitoring
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plan along with corrections to inappropriate procedural

references (PNNL-11523 R0.1 and R0.2):

The rate and extent of contamination are discussed

in Sections 2.9.2.1 through 2.9.2.7 of the main text.

Knowledge of the groundwater flow direction and

flow rate in the southeastern portion of the 200 East

Area did not change significantly during fiscal year

1999 (see Table A.2). Therefore, the combined near-

field and far-field monitoring well networks are ade-

quate to continue to monitor both the extent and

rate of flow of the contaminant plumes emanating

from the PUREX cribs.

The current network includes eight downgra-

dient wells and one upgradient well (Table A.31 and

Figure A.17 ). One new well was drilled near the end

of fiscal year 1999 that will be added to the network

during fiscal year 2000. The network is designed to

intercept potential contamination entrained in

groundwater at some distance from the facility (e.g.,

well 699-44-39B) and contamination potentially

entering groundwater from the vadose zone near the

facility (e.g., well 699-42-42B). With the addition of

the new well in 2000, the network is adequate to

detect potential contamination from the facility.

During fiscal year 1999, iodine-129, gross beta,

manganese, nitrate, strontium-90, and tritium con-

tinue to exceed interim drinking water standards or

maximum contaminant levels in areas downgradient

of the PUREX cribs (see Table A.3). Strontium-90, a

beta emitter, and gross beta exceed the interim drink-

ing water standards only in well 299-E17-14, which is

near the 216-A-36B crib. Elevated manganese is found

in wells 299-E25-19 and 299-E25-17 (both near the

216-A-37-1 crib). However, manganese exceeded

the 50-µg/L maximum contaminant level only in well

299-E25-19. Iodine-129, nitrate, and tritium are major

plumes that extend beyond the near-field monitoring

well network at the PUREX cribs. These more exten-

sive plumes are monitored by the far-field monitoring

well network.

A.8.5 216-B-3 Pond

In fiscal year 1999, groundwater monitoring at

B Pond continued under an interim status indicator

evaluation program. The RCRA site was monitored

under an assessment program from 1990 until January

1998 because of elevated total organic halides in two

downgradient wells (699-43-41E and 699-43-41F).

Assessment results (PNNL-11604) concluded that no

hazardous waste constituents had affected groundwater

quality beneath B Pond despite erratic, low levels of

total organic halides. Groundwater beneath the site

apparently has been affected by tritium and nitrate

from past discharges to B Pond. The site was returned

to an indicator evaluation program.

Statistical evaluations of indicator parameters in

fiscal year 1999 indicated the site has not adversely

affected groundwater quality. All replicate averages

for contamination indicator parameters were below

critical mean values or limits of quantitation during

fiscal 1999. Table A.32 lists critical mean values.

A.8.6 216-A-29 Ditch

This RCRA unit continued to be monitored under

an interim status indicator evaluation program in fiscal

year 1999 (Table A.33 and Figure A.16). Indicator

parameter data from upgradient wells were statistically

evaluated, and values from downgradient wells were

compared to values established from the upgradient

wells. All replicate averages for contamination indi-

cator parameters were below critical mean values or

limits of quantitation during fiscal year 1999. Critical

mean values are listed in Table A.34.

The groundwater monitoring plan was revised in

fiscal year 1999 (PNNL-13047). The current network

is adequate for detection monitoring.

A.8.7 216-B-63 Trench

In fiscal year 1999, RCRA monitoring continued

to provide no evidence that dangerous non-mdioactive

constituents from the site have entered groundwater.

The well network was sampled twice for the indicator

parameters pH, specific conductance, total organic

carbon, and total organic halides (Table A.35 and Fig-

ure A.18). All replicate averages for contamination
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indicator parameters were below critical mean values

or limits of quantitation during fiscal year 1999. Criti-

cal mean values are listed in Table A.36. The network

is considered adequate.

A.8.8 Liquid Effluent Retention Facility

This RCRA facility is subject to final status moni-

toring and is included in the Hanford Site RCRA Per-

mit (Ecology 1994). Until the final status plan is

approved by the regulators, groundwater is monitored

under the existing interim status plan (WHGSD-EN-

AP-024):

indicator and site-specific parameters (Table A.39 and

Figure A.20). Downgradient monitoring we11299-E33-

34 exceeded the critical mean for specific conductance

in samples from December 1998 and June 1999. This

exceedance appears to be related to the nitrate plume

and is not related to Low-Level Waste Management

Area 1. A letter of notification was submitted to

Ecology on March 18, 1999. Because no waste has

been placed in the northern portion ofthis site and

there is a known nitrate plume from an upgradient

source, no further action is necessary. Critical mean

values were updated based on recent upgradient data

(Table A.40).

In fiscal year 1999, groundwater monitoring pro-

vided no evidence that dangerous, non-radioactive

constituents from the site have entered the ground-

water. The RCRA indicator parameters are pH, specific

conductance, total organic carbon, and total organic

halides (Table A.3 7 and Figure A. 19). Specific con-

ductance in two downgradient wells (299-E26-9 and

299-E26-10) exceeded the critical mean value in

January 1999. DOE notified Ecology and submitted a

groundwater quality assessment plan and report in

March 1999. The plan concluded that the Liquid

Effluent Retention Facility was not the source of the

high specific conductance and detection monitoring

should continue.

In June 1999, downgradient well 299-E26-9 was

removed from the monitoring network because it went

dry. In September 1999, Ecology directed DOE to

continue the current monitoring using three wells

(one upgradient and two downgradient) for 18 months.

During this period, an alternative method of monitor-

ing should be identified. Background conditions were

re-established to reflect the most recent site condi-

tions (Table A.38).

A.8.9 Low-Level Waste Management
Area 1

Groundwater monitoring under interim status

requirements continued at this RCRA site in fiscal

year 1999. The well network was sampled twice for

The groundwater monitoring network for Low-

Level Waste Management Area 1 is adequate for the

RCRA requirements. No new wells are planned for

this area.

A.8. 10 Low-Level Waste Management
Area 2

This RCRA site continued in RCRA interim sta-

tus indicator evaluation in fiscal year 1999. Wells

were sampled twice for indicator and site-specific

parameters (Table A.41 and Figure A.18). Statistical

evaluations for this area determined that upgradient

we11299-E34-7 exceeded the critical mean for specific

conductance. The major contributors to the increase

are sulfate and calcium. The source of these constit-

uents is not known. However, there is only 0.6 meter

of water remaining in this well, which is completed at

the top of basalt, and the increase may be related to the

basalt chemistry. An additional exceedance occurred

in the quadruplicate average for total organic halides

at well 299-E34-3 in January 1999. The average result

of 42 µg/L is above the critical mean value of 21 µg/L.

Two of the four reported results (30.4 and 131 µg/L)

are probably erroneous and have been flagged in the

database. The quadruplicate average from April 1999

(2.75 µg(L) is well below the critical mean value.

Table A.42 updates the critical mean values based on

recent data from the upgradient wells.
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The monitoring network for Low-Level Waste

Management Area 2 is adequate to detect releases

from the facility. However, the continued water-level

decline may cause additional wells to go dry. Moni-

toring wells in this area are all completed at the top of

basalt and if more wells become dry, alternatives to

groundwater monitoring may be required to detect

contamination from this facility.

A.8.11 200 Areas Treated Effluent
Disposal Facility

A state waste discharge permit (WAC 173-216)

governs groundwater sampling and analysis in the

three monitoring wells at this facility (Table A.43 and

Figure A. 17). The constituent list and frequency of

sampling are specified in the permit. Wells were sam-

pled quarterly during fiscal year 1999, but may be

reduced to semiannually during fiscal year 2000 when

a new permit is issued.

No permit criteria for constituents in groundwater

were exceeded in fiscal year 1999. The groundwater

monitoring network serves to demonstrate that efflu-

ent from the facility is not taking a direct route to the

uppermost aquifer and to differentiate the potential

effects of the facility from those of the 216-B-3 pond

facility. The well configuration is adequate for this

purpose. _

A.8.12 200-PO-1 Operable Unit

This groundwater operable unit, which encom-

passes the area of the tritium plume southeast of the

200 East Area, has the same monitoring objectives as

monitoring for the Atomic Energy Act of 1954 (surveil-

lance) and RCRA (PUREX cribs assessment). See

Section A.8.4 for additional discussion.

A.8.13 200-BP-5 Operable Unit

This groundwater operable unit, which encom-

passes the northern portion of 200 East Area, has the

same monitoring objectives as the Atomic Energy Act

of 1954 ( surveillance). See Section A.8.14 for addi-

tional discussion.

A.8.14 Drinking Water Standards and
Derived Concentration Guides

Tritium was detected at levels above the 2 mil-

lion pCi/L derived concentration guide at one well

south of the PUREX Plant. Tritium contamination at

levels above the 20,000-pCi/L interim drinking water

standard was found throughout much of the 200 East

Area. Strontium-90 was detected at levels above the

1,000-pCi/L derived concentration guide in two wells

near the 216-B-5 injection well. Strontium-90 con-

tamination was found at levels above the 8-pCi/L

interim drinking water standard in several wells near

the 216-B-5 injection well and in one well south of the

PUREX Plant. The following constituents also were

detected at levels above standards in the 200 East Area:

aluminum, cesium-137, cyanide, iodine-129, manga-

nese, nitrate, sulfate, technetium-99, and uranium.

A.9 400 and 600 Areas

This section discusses compliance issues for the

400 Area process ponds, 400 Area water supply wells,

Nonradioactive Dangerous Waste Landfill, and Solid

Waste Landfill.

A.9.1 400 Area

The 4608 B/C ponds (also called the 400 Area

process ponds), are regulated under WAC-173-216.

The permit, issued on August 1, 1996, and modified

on February 10, 1998, defines groundwater enforce-

ment limitations (Table A.44 and Figure A.21).

Groundwater quality met permit conditions in fiscal

year 1999.

The water supply in the 400 Area, which comes

from wells, is also monitored to maintain compliance

with drinking water standards. Tritium was detected

at levels above the 20,000-pCi/L standard in the backup

water supply wells for this area. Because the backup

water supply wells are seldom used, however, the

monthly water supply sampling indicates that tritium

in the drinking water is maintained at a level below

the 4-mrem/yr dose equivalent standard.
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A.9.2 Nonradioactive Dangerous Waste
Landfill

This RCRA site continued to be monitored under

an interim status indicator evaluation program in fiscal

year 1999 (Table A.45 and Figure A.22). Statistical

evaluations indicated the site has not adversely affected

groundwater quality. Table A.46 updates critical mean

values based on recent data from upgradient wells.

The groundwater monitoringplan for the landfill was

rewritten during fiscal year 1999 (PNNL-12227) to

update the operating procedures and bring the plan up

to date with the current monitoring well network and

constituents monitored. It is pending approval from

government regulators.

Groundwater flow direction and rate did not

change significantly during fiscal year 1999, and the

wells in the network are still functioning. Therefore,

the monitoring well network is adequate to fulfill the

needs of the current groundwater monitoring plan.

Tritium exceeded its interim drinking water stan-

dard at many of the monitoring wells on the eastern

side of the landfill, but the source is upgradient. Six

chlorinated hydrocarbons exceeded WAC 173-200

groundwater quality criteria in at least one well of the

monitoring network. They are as follows, with the

numbers of wells having exceedances and the WAC

limit:

• Carbon tetrachloride (3) (0.3 µg/L)

• 1,1-dichloroethane (8) (1.0 µg/L)

• 1,2-dichloroethane (2) (0.5 µg/L)

• Tetrachloroethylene (10) (0.8 pg L)

• Trichloroethylene (3) (3.0 iug/L)

• 1,1,1-tcichloioethane (10) (0.2 pg/L).

The monitoring network for the Solid Waste 1-and-

fill has two upgradient wells and eight downgradient

wells and is adequate for meeting the requirements of

WAC 173-304.

A.9.3 Solid Waste Landfill

State dangerous waste regulations (WAC 173-304)

govern groundwater monitoring at this landfill. The

final closure plan for the site has not been implemented.

Wells are sampled quarterly for constituents specified

in WAC 173-304 plus the site-specific constituents

chlorinated hydrocarbons and tritium (Table A.47

and Figure A.22).

Statistical evaluations of the constituents speci-

fied in WAC 173-304 for landfills (Tables A.48 and

A.49) revealed that three exceeded their background

threshold levels during fiscal year 1999:

(1) Specific conductance exceeded its 550-gS/cm

threshold level is9 of the 10 wells in the moni-

toring network.

(2) Sulfate exceeded its 51.5-mg/L threshold level in

2 of the 10 wells.

(3) Filtered zinc exceeded its 34-pg/L threshold level

in one well.

A.9.4 Drinking Water Standards and
Derived Concentration Guides

No radionuclides exceeded derived concentration

guides in the 600 Area. Contamination from other

operational areas impacted the 600 Area at levels that

exceeded the interim drinking water standards or maxi-

mum contaminant levels, as discussed in Section 2.0.

Contamination from 600 Area sources at levels exceed-

ing standards includes strontium-90 near Gable Moun-

tain Pond, uranium in the vicinity of the 618-10 burial

ground and316-4 crib, and chromium in the southern

Central Plateau and southwest of the 200 West Area.

Nitrate concentrations that exceeded the maximum

contaminant level were found upgradient of the opera-

tional areas and probably result from offsite agriculture.

Nitrate exceeded the 45 mg/L maximum conmm-

inant level in the 400 Area. Tritium from upgradient

sources exceeded the drinking water standard.
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A. 10 300 and Richland North
Areas

Groundwater in these areas is monitored for one

RCRA site and the 300-FF-5 and 1100-EM-1 ground-

water operable units.

A.10.1 316-5 Process Trenches

This RCRA site continued to be monitored with

a final status corrective-action network. The objective

of groundwater monitoring during the corrective-

action period is to monitor the trend of the constitu-

ents of concern to confirm thattheyare naturally

attenuating, as expected by the CERCLA record of

decision for the 300-FF-5 Operable Unit (ROD 1996b).

A proposed groundwatermonitoring plan for conec-

tive action calls for samples from rhe same wells as in

the compliance period, but with fewer independent

samples from.each well during each sampling period

(i.e., four to one). Also, each well showing an exceed-

ance of one of the constituents of concern will be sam-

pled quarterly to better follow the trends of contaminant

concentration. The other wells in the network will

continue to be sampled semiannually. The proposed

plan is still being reviewed by the regulator.

Until the proposed plan is implemented, the final

status compliance monitoring program (WHC-SD-

EN-AP-185) remains in effect (Table A.50 and Fig-

ure A.23). This plan calls for four independent

groundwater samples from each network well (eight)

during each semiannual sampling period (i.e., 64 well

trips per year). The monitoring network for the 316-5

process trenches includes two wells upgradient and six

wells downgradient. One of the upgradient wells and

three of the downgradient wells monitor the bottom

of the unconfined aquifer, and one upgradient well

and three downgradient wells monitor the unconfined

aquifer near the water table. The monitoring network

has eight wells and is adequate to ensure that the

316-5 process trenches complies with a RCRA final sta-

tus corrective-action network and the current ground-

water monitoring plan (WHC-SD-EN-AP-185).

Uranium, trichloroethylene, and cis-1,2-dichloro-

ethylene continued to exceed concentration limits

specified in the permit (Table A.5 1). Uranium, gross

alpha, and tetrachloroethylene exceeded maximum

contaminant levels in one or more wells monitoring

near the water table (see Table A.3). Cis-1,2-dichloro-

ethylene and trichloroethylene exceeded standards in

one downgradient well tliat monitors the base of the

unconfined aquifer. Concentrations of uranium and

various volatile organics rose sharply inY995 after the

large quantities of relatively clean waste cooling water

ceased to be discharged to the 316-5 process trenches.

However, since that time, concentrations of those

constituents have begun a slight downward trend as

was expected.

A. 10.2 300-FF-5 Operable Unit

Groundwater in this operable unit is monitored to

assess whether the contaminants of concern (uranium,

trichloroethylene, and cis-l;2-dichloroethylene) are

naturally diminishing over time. The remedial action

is an interim action that involves imposing restrictions

on the use of the groundwater until these contami-

nants meet health-based criteria (ROD 1996b). This

is an interim action because there are other constitu-

ents (e.g., tritium) migrating into the unit that have

not yet been fully addressed and because a portion of

the unit is overlaid by uncharacterized waste sites in

the 300-FF-2 Operable Unit. A final action decision

for the 300-FF-5 Operable Unit will be made after

these issues have been addressed.

An operation and maintenance plan for the

300-FF-5 Operable Unit (DOE/RL-95-73) identifies

tasks necessary to verify the effectiveness of the reme-

dial action. The plan describes the monitoring program

and administrative tasks that are part of the remedial

action. The routine operation and maintenance

activities include groundwater and river monitoring.

As discussed in Section A.10.1, the constituents

of concern actually increased in concentration in the

groundwater of the 300-FF-5 Operable Unit immedi-

ately after discharges from the process sewers to the
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316-5 process trenches stopped. The previously lower

concentrations in the groundwater were apparently

due to the dilution of the constituents by the large

quantities of relatively clean waste cooling water.

When the trenches ceased to be used and the dilution

no longer occurred, the concentrations rose to the

high levels discovered in 1995-1997. More recently

the constituents of concern have begun to decrease in

concentration slightly, as was predicted (ROD 1996a).

A. 10.3 1100-EM-1 Operable Unit

The 1100-EM-1 Operable Unit contains the Horn

Rapids Landfill. Results of the CERCLA investigation

for this operable unit are presented in the final reme-

dial investigation study (DOE/RL-92-67, Draft B) and

the record of decision (ROD 1993). The selected

remedy for groundwater is monitored natural attenua-

tion of volatile organic compounds, with institutional

controls on drilling of new water supply wells. Moni-

toring includes analysis for uichloroethylene, its break-

down products (vinyl chloride and 1,1-dichlomethene),

and nitrate in wells downgradient of the Horn Rapids

Landfill, as recommended in the sampling plan (DOE/

RL95-50), which was updated in 1999 (PNNL-12220).

Pacific Northwest National Laboratory has been respon-

sible for groundwater monitoring at the 1100-EM-1

Operable Unit since 1997. Five years of monitoring

are now complete (1995 to 1999), and the data will be

reviewed to evaluate the progress of natural attenua-

tion of trichloroethylene (DOE/RL-95-80). Although

not specified in the record of decision, chromium is

monitored annually in one well downgradient of the

1171 Building.

Trichloroethylene levels did not exceed 5 µg/L at

the point of compliance wells 699-S27-E12A, 699-

S28-E13A, and 699-S29-E13A in fiscal year 1999.

These wells form a line downgradient of the Horn

Rapids Landfill that is approximately perpendicular to

the prevailing path of the trichloroethylene plume.

A.10.4 Drinking Water Standards and
Derived Concentration Guides

No radiological constituents in 300 Area ground-

water were detected at levels above their derived con-

centration guides in fiscal year 1999. Uranium

exceeded the proposed maximum contaminanrlevel

in much of the eastern part of the 300 Area. Trichlo-

roethylene and cis-l,2-dichloroethylene were found at

levels above standards in the deeper part of the uncon-

fined aquifer system at one well (399-1-16B). Trichlo-

zoethylene was detected in 22 other wells in the upper

portion of the unconfined aquifer of the central and

southern parts of the 300 Area, but only wells 399-1-

16B and 399-4-1 exceeded the maximum contaminant

level. Tetrachloroethylene was detected at 12 wells in

the 300 Area, but exceeded its standard in only one

well in the upper part of the unconfined aquifer south-

east of the 316-5 process trenches. Nitrate exceeded

its maximum contaminant level at four wells in the

southern portion of the 300 Area.

In the Richland North Area, fluoride, nitrate,

and trichloroethylene were detected in groundwater at

concentrations above their respective maximum con-

taminant levels. High levels of gross alpha suggest tltat

uranium may also have been above its standard during

fiscal year 1999. Likely sources of these constituents

include offsite industry and agriculture.
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m A-25 u



Table A.1. RCRA Interim and Final Status Groundwater Monitoring Projects, September 1999

Interim Status TSD Unit Final Status TSD Unit
Groundwater Monitoring Groundwater Monitoring . ^ _

Groundwater . ^ ^ . Year
Indicator Quality Corrective Scheduled

TSD Units, Parameter Assessment, date Detection Compliance Action, date for Part B
date initiated EvaluationO initiated Evaluation Evaluation init iated Regulations or Closure

1301-N LWDF, X(") 40 CFR 265.93(b) 1999(`)
December 1987 WAC 173-303-400

1324-N/NA LWDF, X(b) 40 CFR 265.93(b) 1999(')
December 1987 WAC 173-303-400

1325-N LWDF, ^ . . . X(o . _ - . ^ . 40CFR 265.93(b) 1999(`)
December 1987 WAC 173-303-400

9 120-D-1 ponds, X, clean 40 CFR 265.93(b) 1999idi
April 1992 closed in . - . WAC 173-303-400

FY 1999

183-H solar evaporation X, 1998 40 CFR 264 1994(`i
basins, June 1985 . ^ . ^ . WAC 173-303-645(10)

WMA S-SX, . ^ . . ^ . X, 1996 40 CFR 265.93(d) >2000(0
October 1991 WAC 173-303-400

WMA T,^ . ^ . . X, 1993 . . ^ ^ ^ 40 CFR 265.93(d) >2000(0
February 1990 WAC 173303-400

WMA TX-TY, X, 1993 40 CFR 265.93(d) >2000(`)
September - October 1991 WAC 173-303-400

WMA U; ^ . . X ^ ^ . 40 CFR265.93(b) >2000W
October 1990 WAC 173-303-400

216-5-10 pond and X ^ - ^ 40 CFR 265.93(b) >2000(0
ditch, August 1991 WAC 173-303-400 . ^ .^

216-U-12 crib, ^ - X, 1993 40 CFR 265.93(d) >2000(°)
September 1991 ^ ^ ^ ^ . . . WAC 173-303-400

. ..
.i^ ^^

-^ . . ^^.
. . ..

` ^
. . ` ^l

... . ..._
_

^

a

a
T
<

^

^



TSD Units,
date initiated

LLWMA 3,
October 1988

LLWMA 4,
October 1988

WMA A-AX,
February 1990

WMA B-BX-BY,
February 1990

WMA C,
February 1990

PUREX cribs(e)
1988

216-B-3 pond,
November 1988

216-A-29 ditch,
November 1988

216-8-63 trench,
August 1991

LERF, July 1991

LLWMA 1,
September 1988

LLWMA 2,
September 1988

Table A.1. (contd)

Interim Status TSD Unit Final Status TSD Unit

Groundwater Monitoring Groundwater Monitoring

Groundwater
Indicator Quality Corrective

Parameter Assessment, date Detection Compliance Action, date
Evaluation(ai initiated Evaluation Evaluation initiated

x

x

. . .

x

X, 1996

x

X, 1997

X

x

x

X, 1998ihi

x

x

Year
Scheduled

for Part B
Regulations or Closure

40 CFR 265.93(b) TBDi°?
WAC 173-303-400

40 CFR 265.93(b) TBDi10
WAC 173-303-400

40 CFR 265.93 (b) >2000(°)
WAC 173-303-400

40 CFR 265.93(d) >2000i"i
WAC 173-303-400

40 CFR 265.93(b) >2000(`)
WAC 173-303-400

40 CFR 265.93(d) >2000(c)
WAC 173-303-400

40 CFR 265.93(b) 2000i°i
WAC 173-303-400

40 CFR 265.93 (b) 2000i°i
WAC 173-303-400

40 CFR 265.93 (b)

WAC 173-303-400 >2000i°i

40 CFR 265.93(b) 1998(°)
WAC 173-303-400

40 CFR 265:93(b) TBD(g,h)
WAC 173-303-400

40 CFR 265.93(b) TBD(s•")
WAC 173-303-400



Table A.1. (contd)

Interim Status TSD Unit Final Status TSD Unit
. . . . Groundwater Monitoring Groundwater Monitoring

TSD Units,
date initiated Groundwater Year

(associated [CERCLA] Indicator Quality Corrective Scheduled
groundwater operable Parameter Assessment, date Detection. Compliance Action, date for Part B

units ) Evaluation(o initiated Evaluation Evaluation initiated Regulations or Closure

NRDWL, October 1986 X 40 CFR 265.93(b) >2000(0
WAC 173-303-400

316-5 process trenches, X, 1998 40 CFR 264 1996(0)
June1985 WAC 173-303-645(10)

(a) Specific parameters (pH, specific conductance, total organic carbon, and total organic halides) used to determine if a facility is affecting groundwater quality. Exceed-
9 ing the established limits meansthat additionalevaluation and sampling are required (i.e., groundwater quality assessment). An X in the assessment column indicates

whether anevaluation was needed or an assessmenrwas required.
oNO (b) Monitored according to interim status plan as specified in closure plans. . ' ..
^ (c) Closure/postclosure plan; TSD unit will close under final status.

(d) Closure plan approved in fiscal year 1999; facility: groundwater monitoring not required after clean closure.
(e) Pzrt B permit; TSD unit scheduled to operate under final status regulations beginning in year indicated. . . . ,
(f) Facility Part B permit and final status groundwater monitoring plan contingent on completion of solid waste environmental impact statement,
(g) 216-A-10, -A-36B,and -A-37-1 combined into one RCRA monitoring unit. RCRA monitoring will be performed according to interim status groundwater quality

assessment requirements. . . . .

(h) Will monitor groundwater under interim status until final status groundwater monitoring plan is approved.

(i) Closure plan pending Ecology approval.

CERCLA = Comprehensive Environmental Response, Compensation, and Liability Act of 1980.

LERF = Liquid effluent retention facility. . . - :

LLWMA = Low-level waste management area.

LWDF = Liquid waste disposal facility.
NRDWL = Nonradioactive Dangerous Waste Landfill. . . .
PUREX =Plutonium-uraniumextraction(plant). . . . . .
RCRA = Resource Conservation and Recovery Act of 1976.
TBD = To be determined.
TSD = Treatment, storage, or disposal (unit). . . . .

WMA = Waste management area.
> = Beyond the year 2000.

^
â
a
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Site
Flow

Direction

Table A.2.

Flow Rate (m/d)

Estimates of Groundwater Flow Rates at Hanford Site Facilities

Hydraulic
- Conductivity Effective

Method (m/d) (source) Porosity(') Gxadienti"i Comments

1301-N LWDF NW 0.045 to 0.82 Darcy 6.1 to 37 0.1 to 0.3 0,0022 Gradient calculated between wells 199-N-34
(PNL8335) and 199-N-2.

1324-N/NA NW 0.086 to 1.6 Darcy 6.1 to 37 0.1 to 0.3 0.0042 Gradient calculated between wells 199-N-72
(PNL-8335) and 199-N-26.

1325-N LWDF N 0.021 to 0.38 Darcy 6.1 to 37 0.1 to 0.3 0.0010 Gradient calculated between wells 199-N-28
(PNL-8335) and 199-N-81.

120-D-1 ponds NW 0.0021 to 0.22 Darcy 1.2 to 40 0.1 to 0.3 0.00055 Gradient calculated between wells 199-D5-13
(WHC-SD-EN-DP. and 199-D8-4.
043)

183-H solar E 0.12 to 3.2 Darcy 15 to 140 0.1 to 0.3 0.0023 Gradient calculated between wells
evaporation (PNL-6728) 199-H3-2B and 199-H4-12B. Flow meter in
basins wells 199-H4•7 and 199-H3-2A (Section 3.3

inDOE/RL-96-01).
0.65 to 4.9 Flow meter

WMA S-SX ESE 0.0023 to 0.43 Darcy 0.43 to 27 0.1 to 0.3 0.0016 Lower bound for hydraulic conductivity and
9 (WHC-SD-EN-DP- velocity.

042)
0.07 to 0.14 Contaminant Average gradient calculated from wells

travel time 299-W23-13 and 299-W22-45 at S Tank Farm
(PNNL-12114) and wells 299-W23-14 and 299-W22-39 at

SX Tank Farm. . .

WMA T E 0.04 to 0.13 Darcy 10 0.1 to 0.3 0.0013 Lower bound for hydraulic conductivity and
(WHC-SD-EN-TI- velocity, Gradient calculated between wells
147) 299-W10-12and299-WI1-27.

WMA TX-TY E(north half) 0.2 to 0.6 Darcy 55 0.1 to 0.3 0.001 Lower bound for hydraulic conductivity and
S or SW (south (WHC-SD-EN-DP- velocity. Gradient calculated between wells

half) 042) 299-WI5-12and299-W15-4.

WMA U E 0.028 to 0.52 Darcy 6 to 37 0.1 to 0.3 0.0014 Lower bound for hydraulic conductivity and
(WHC-SD-EN-DP- velocity. Gradient calculated between wells

042) 299-W18-31 and 299-W 19-32.

216-5-10pond ESE 0,04 to 4.8 Darcy 10 0.1 to 0.3 0.0011 to Gradient increases to the south. Gradients
(WHC-SD-EN-DP- 0.0032 calculated between wells 299-W26-8 and
052) average of wells 299-W26-10 and 299-W26-12
12 to 150 (north) and wells 299-W26-7 and 299-W26-9
(BNWL-1709) (south).

216-U-12 crib ESE, changing 0,03 to 0.1 Darcy 6.2 (see comments) 0.1 to 0.3 0.00165 Hydraulic conductivity is geometric mean of
to E . .. . values in WHC-MR-0208. Gradient calcu-

lated between wells 299-W22-43 and
. 299-W22-79.
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Table A.2: (contd)

Hydraulic
Flow Conductivity Effective

Site Direction Flow Rate(m/d) Method ( m/d) (source) Porosity) Gradient(e) Comments

LLWMA 3 NE 0.0001 to 0.13 Darcy 0.02 to 9.8 0.1 to 0.3 0.0013 .
. . (PNL-6820)

LLWMA 4 E 0.2 to 0.6 Darcy 24 0.1 to 0.3 0.0025
(PNL-6820)

SALDS Radial to 0.03 to 5.8 Darcy 3.5 to 36.3 . 0.25(0 0.0018 to Higher gradient was calculated between wells

NE (WI-IC-SD-C018H- 0.004 699-48-77Aand699-48-77D.
RPT-003)

WMA A-AX E? 0.5 to 0.7 Darcy 2,005 to 2,519 0.3 -0.00008 Gradient calculated between wells 299-E25-41 .
. , (WHC-SD-EN-TI- and 299-E24-20. Plow direction unclear

. . ' 019) because of flat water table.

WMA B-BX-BY SW? 0.9 Darcy 1,615 0.3 -0.00017, Gradient calculated between wells 299-E33-33
(WHC-SD-EN-Tl September and 299-E33-42. Flow direction is not well
019) 1999 known; based oncurreat contamination .

. - - . . :. migration and water table.

WMA C SW 0.7 to 1.4 Darcy 1,067 to 2,073 0.3 0.00021, Gradient calculated between wells 299-E27-7
W (WHC-SD-EN-TI- September and299-E27-13. Flow direction inferred from
o 019):" . . . 1999 hydrographs.

216-A-10 crib SE 0.004 to 0.60 Darcy 60[0 3,000 0.1 to 0.3 -0,00002 Gradient estimated from rcgional water-level

216-A-36B (WHC-SD-EN-TI- contours.
019; PNNL-11515) - . . . . ^

216-A-37-1 crib SW -0.018 to 0.18 Darcy 18 to 60 0.1 to 0.3 .-0.0003 Gradient estimated from regional water-level
(WHC-SD-EN-DP- contours. . .

. 047; PNNL-11515)

216-B-3 pond Radial 0.01 to 19.2 Darcy; plume 1 to 640 (WHC-SD- 0.1 to 0.3 -0.003 Gradient calculated between wells 699-44-42
, . - migration EN-EV-002; and 699-43-45 ( Maroh 1999).

PNL-10195)

216-A-29 ditch WSW -0.02 to - 0.07 Darcy 18 0.1 to 0.3 - 0:0004
, . , (WHGSD-EN-DP-

. .. 047)

216-B-63 trench W 0.01 to 0.1 Darcy 52 to 200 0.1 to 0.3 - 0.00004 .
(WHC-SD-EN-EV-
002)

LERF W 0.04 to 6.0 Darcy 6.1 to 120 0.1 to 0.3 0.002 to
' . . (PNNL-11620) 0.005

LLWMA 1 NW 0.5 Darcy 73 to 760 0.1 to 0.3 <_0.00006 Uncertainty with gradient and rate of flow.

( PNL-6820) ' Flow direction inferred from plume maps.

. ^..../ . . . . \\__ l . . ^.^^
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Flow
Site Direction

LLWMA2
W--._-_

200 Area TEDF SSW

NRDWL

SWL

62 to 90° E of
N (based on
water-level

data); 125° E

of N (based on
plume and

regional water-

table maps)

96±28° E of N

to 139±15° E

of N (based on

water-level

data); 125° E

of N (based on

plume maps)

Flow Rate (m/d) Method

-0.06 to -0.8 Darcy

0.004 Darcy

See estiinated NA -
below for SWL

Table A.2. (contd)

Hydraulic
Conductivity '
(m/d) (source)

430 to 2,000
(PNL-6820)

1.1
(WI-iC-SD-EN-ES-
004)

NA

1.2 to 1.8 Darcy NA

6 Recent plume

movement

>30 Tracer tests

Effective

Porosity(O Gradienta) - Comments

0.1 to 0.3 -0.00004 Gradient calculated between wells
299-E27-16 and 299-E27-9.

0.25(0 -0.001

NA NA See Section 17.0 in DOE/RL-91-03, Sec-
tion 5.2 in DOE/RL-93-88, and
WHC-EP-0021 for direction of flow.

NA NA See WHC-EP-0021 for Darcy velocity. See
. .. Section 18.0 in DOE/RL-91-03; Section 19

in DOE/RL92-03, DOE/RL-93-09; Sec-
tion 5.3 in DOE/RL-93-88; Section 5.2 in
DOE/RL-94-136 for direction of flow.

See HW-60601 for tracer tests. Hydraulic
gradient during tracer test was higher than

in 1997.

316-5 process SE 31 Movement of
trenches (DOE/RL-89-14) PCE spill

S 0.35 to 105 Darcy 150 to 15,000 0.1 to 0.3

(PNL-6716)

(a) Effective porosity assumed to be between 0.1 and 0.3, a representative range for the unconfined aquifer system.

(b) March 1999 unless noted otherwise.

(c) RHO-ST-42, RHO-RE-ST-12, PNNL-11801. . . .

LERF = Liquid effluent retention facility.

LLWMA = Low-levelwaste management area.

LWDF = Liquid waste disposal facility.

NA = Not applicable.
NRDWL = Nonradioactive Dangerous Waste Landfill.
PCE Tetrachloroethylene.
RCRA = Resource Conservation and Recovery Act of 1976.
SALDS = State-Approved Land Disposal Site.
SWL = Solid Waste Landfill.
TEDF = Treated Effluent Disposal Facility.
WMA = Waste management area.

0.0007 Gradient from Plate 2.



Groundwater Monitoring for FY 1999

Table A.3. Monitoring Results Exceeding Maximum Contaminant Levels or Drinking Water Standards

(Regulated Units listed in alphanumeric ordery')

Upgmdient/ Number of Maximum MCL or
Constituent, units Filter Well Name Downgradient Exceedances Result DWS(e)Level

. . ^ 100 N Area

Gross beta, pCi/L N 199-N-105A Down 3 3,770 50 . . .
N 199-N-3 Down 1 1,980 50

Nitrate, µg(L N 199-N-2 Down 1 51,000 45,000
N 199-N-81 Down 1 52,000 45,000

Nitrogen in Nitrate, pg/L N 199-N-2 Down 1 20,200 10,000
N 199-N-59 Down 3 22,900 10,000 . . '^,
N 199-N-81 Down 1 11,300 10,000

Strontium-90, pCi/L N 199-N-105A Down 3 1,870 8
N 199-N-28 Down 1 85.8 8

. ^ N 199-N-3 Down 3 1,170 8
N 199-N-34 Up 1 54.9 8
N 199-N-57 Up 1 14.6 8

^. . N 199-N-81 Down 2 1,210 8 . '^.,
Y 199-N-81 Down 1 1,220 8

Tritium, pCi/L N 199-N-105A Down 3 23,800 20,000
^^ . N 199-N-28 Down 1 25,800 20,000

N 199-N-32 Down 2 32,600 20,000
N 199-N,34 Up 1 24,100 20,000

. . ^ 1 20-D-1 Ponds

Chromium, µg/L
^

N 199-D5-13 Up 1 317 100
^ . . ^ N 199-D8-5 Down 1 228 100 '^.

. ^ . Y 199-D5-13^ Up 2 366 100
Y 199-D8-4 Down 1 101 100
Y 199-D8-5 Down 3 251 100

. . Y 199-D8-6 Down 1 107 100

Hexavalent Chromium, µg/L Y 199-D5-13 Up 3 416 100

Nitrogen in Nitrate, pg/L N 199-D5-13 Up 2 19,000 10,000
N 199-D8-4 Down 2 15,500 10,000
N 199-D8-6 Down 1 16,500 10,000

183-H Solar Evaporation Basins

Chromium, µglL N 199-H4-12C Down 1 244 100 ^ '.
N 199-H4-3 Down 1 168 100 .
Y 199-H4-12A Down 1 132 100 ^ i.
Y 199-144-12C Down 1 201 100
Y 199-H4-3 Down ^ . . 1 150 100

Gross beta,pCi/L N 199-H4-3 Down 1 63.5 50

Hexavalent Chromium, µg/L Y 199-114-12C Down 2 200 - - 100
Y 199-H4-3 Down 2 .204 100

Nitrogen in Nitrate, µg/L N 199-H4-12A Down 1 31,900 10,000
N 199-H4-3 Down 1 22,700 10,000 .
N 199-H4-7 Down 1 10,500 10,000

Uranium, µg/L N 199-H4-12A Down 1 33.1 20
^ . ^ N 199-H4-3 Down 1 21.3 20 ^ . .

2 16-B-63 Ditch ^ . . .

Ioduie-129, pCi/1- ^ . ^ N 299-E33-33 Down 3 4.07 1
^ . .. .

. . .

N

. .

299-E33v36

. .

Down. .

-

4 6.5. " 1.

. .

i`^ , I

^
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Appendix A

Table A.3. (contd)

Constituent, units Filter

Carbon tetrachloride, µg/L

Chromium, Ng/L

Nickel, µg/L

Carbon tetrachloride, µg/L

Iodine-129, pCi/I-

Nitmte, µg/L

Nitrogen in Nitrate, µg/L

Nitrogen in Nitrite and Nitrate, pg/L

Tritium,pCi/L

cis-1,2-Dichloroethylene, µg/L

Gross alpha, pCi/L

Tetmchloroethylene,µg/L

Trichloroethylene, µg(L

Uranium, Ng/L

Nitrogen in Nitrate, Ng/L

Tritium, pCi/L

Gross bera, pCi/L

Nitrogen in Nitrate, pg/L

Technetium-99, pCi/L

Uranium, Ng/L

N

Y

Y

N

N

N

N
N
N
N

N

N
N
N

N

N

N

N

N
N
N

N

N
N
N
N

N
N
N

N
N
N
N
N
N
N

N
N

N

Upgradient/ Numberof Maximum

Well Name Downgradient Exceedances Result

2 16-S-10 Pond

299-W26-12 Down 1 6

299-W26-7 Up 1 175

299-W27-2 Down 1 121

2 16-U-12 Crib

699-36-70A Down 1 7

299-W22-42 Down 1 931

699-36-70A Down 1 110,000

299-W22-41 Down 2 4,5800
299-W22-42 Down 3 25,100
299-W22-79 Down 3 18,000
699-36-70A Down 3 26,000

699-36-70A Down 1 24,600

299-W22-42 Down 3 49,200
299-W22-79 Down 2 22,300
699-36-70A Down 3 95,000

316-5 Trenches

399-1-16B Down 8 180

399-1-17A Down 2 673

399-1-16A Down 1 7

399-1-168 Down 2 6

399-1-10A Down 6 61.1
399-1-16A Down 7 111
399-1-17A Down 6 166

400 Area

699-2-7 Down 4 20,800

499-S0-7 ND 1 20,200
499-S0-8 ND 4 33,800
699-2-6A Down 1 22,300
699-8-17 Up 2 68,400

Low-Level Waste Management Area 1

299-E32-10 Down 3 413
299-E33-34 Down 2 1,410
299-E33-35 Up 3 441

299-E28-26 Up 2 10,900
299-E32-10 Down 3 17,700
299-E32-2 Down 2 11,600
299-E32-3 Down 2 11,300
299-E32-6 Down 2 11,400
299-E33-34 Down 2 44,600
299-E33-35 Up 3 20,500

299-E33-34 Down 1 3,210
299-E33-35 Up 2 1,720

299-E33-34 Down 1 21.1

MCL or

5

100

100

5

1

45,000

10,000
10,000
10,000
10,000

10,000

20,000
20,000
20,000

70

15

5

5

20
20
20

10,000

20,000
20,000
20,000
20,000

50
50
50

10,000
10,000
10,000
10,000
10,000
10,000
10,000

900
900

20
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Groundwater Monitoring for FY 1999

Table A.3. (contd)

Constituent, units Filter

Nitrogen in Nitrate, Ng/L

Carbon tetrachloride, gg/L

Nitrogen in Nitrate, Ng/L

Trichloroethylene, µg/L

Cadmium,µg/L

Carbon tetrachloride, pig/L

Gross alpha, pCi/L

Nitrogen in Nitrate, µg/L

Trichloroerhylene, pg/L

Tritium, pCi/L

N

N
N
N
N
N
N
N
N

N
N
N
N
N
N

N

Y

N
N
N
N
N
N
N
N
N
N

N

N
N
N
N
N
N
N

N

N
N
N
N
N
N
N
N

Upgmdient/ Number of

Well Name Downgradient Exceedances

Low-Level Waste Management Area 2

299-E34-7 Up 2

Low-Level Waste Management Area 3

299-W10-13 Up 1
299-W10-19 Up I
299-W10-20 Up 1
299-W10-21 Up 1
299-W6-2 Down 1
299-W7-4 Down 1
299-W7-5 Down 1
299-W8-1 Down 1

299-W10-19 Up 1
299-W10-20 Up 1
299-W10-21 Up 1
299-W6-2 Down 1
299-W7-4 Down 1
299-W7-5 Down 1

299-W10-21 Up 1

Low-Level WasteManagement Area 4

299-W18-26 Up 1

299-W15-15 Up 7
299-W15-16 Down 4
299-W15-17 Down 2
299-W15-18 Down 4
299-W18-21 Up 6
299-W18-23 Up 2
299-W18-24 Down 3
299-W18-26 Up 5
299-W18-27 Up 5
299-W18-32 Up 2

299-W18-21 Up 2

299-W15-15 Up 2
299-W15-16 Down 2
299-W15-18 Down 2
299-W18-21 Up 4
299-W18-23 Up 1
299-W18-24 Up 2
299-W18-26 Up I

299-W15-16 Down 2

Nonradioactive Dangerous Waste Landfill

699-25-34A Down 2
699-25-34B Down 2
699-25-340 Down 2
699-26-33 Down 2
699-26-34A Up 2
699-26-34B Down 3
699-26-35A Up 4
699-26-35C Up 2

Maximum MCL or

Result DWS()Level

17,200 10,000

9
89

1,300
400
130
450
110

6

5
5
5
5
5
5
5
5

19,500
25,400
45,600
10,900
21,500
13,800

7

10.8

510
5,800

9
1,900
200
190

1,400
120
410
13

16.5

20,300
16,500
23,100
18,200
11,600
18,100
17,600

6

80,800
78,800
75,700
85,600
73,200
81,700
73,700
31,100

10,000
10,000
10,000
10,000
10,000
10,000

5

5

5
5
5
5
5
5
5
5
5
5

15

10,000
10,000
10,000
10,000
10,000
10,000
10,000

5

20,000
20,000
20,000
20,000
20,000
20,000
20,000
20,000

^-^
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Appendix A
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Table A.3. (contd)

Upgradient/ Number of Maximum MCL or

Constituent, units Filter Well Name Downgradient Exceedances Result DWSu)Level

Plutonium-Uranium Extraction (PUREX) Cribs

Gross bem, pCi/L N 299-E17-14 Down 4 110 50

Iodine-129, pCi/L N 299-E17-1 Down 1 9.76 1
N 299-E17-14 Down 4 12.5 1
N 299-E17-.17 Down 3 9.41 1
N 299-E17-19 Down 2 9.42 1
N 299-E17-9 Down 2 .11.1 1
N 299-E24-16 Down 4 12.2 1
N 299-E24-18 Up 1 1.54 1

. , . . N 299-E25-17 Down 1 3.49 1
N 299-E25-19 Down 2 1.91 1
N 299-E25-31 Up 1 2.8 1
N 699-37-47A Down 1 2.48 1

Nitrogen in Nitrate, NgIL N 299-E17-1 Down 2 22,000 10,000
N 299-E17-14 Down 4 26,900 10,000
N 299-E17-19 Down 2 22,400 10,000
N 299-E17-9 Down 2 43,300 10,000

Strontium-90, pCi/L N 299-E17-14 Down 4 17.2 8

Tritium, pCi/L N 299-E17-1 Down 2 919,000 20,000
N 299-E17-14 Down 4 901,000 20,000
N 299-E17-17 Down 3 285,000 20,000

.,^..., N 299-E17-19 Down 2 730,000 20,000
N 299-E17-9 Down 2 3,870,000 20,000
N 299-E24-16 Down 4 385,000 20,000
N 299-E24-18 Up 2 93,800 20,000
N 299-E25-19 Down 4 174,000 20,000
N 699-37-47A Down 2 36,000 20,000

State-Approved Land Disposal Site

Carbontetrachioride,pg/L N 299-W8-1 ND 1 6 5
N 699-48-77C Down 2 7 5

Tritium, pCi/L N 699-48-77A Down 3 140,000 20,000
N 699-48-77C Down 3 77,000 20,000
N 699-48-77D Down 5 730,000 20,000

Solid Waste Landfill

Tetmchloroerhylene, µg/I. N 699-23-34A Down 1 10 5
N 699-23-34B Down 1 7 5
N 699-24-33 Down 1 11 5
N 699-24-34A Down 1 9 5
N 699-24-34B Down 1 9 5
N 699-24-34C Down 1 9 5
N 699-25-34C Down 2 7 5

Tritium, pCi/L N 699-24-33 Down 4 49,300 20,000
N 699-24-34C Down 4 49,700 20,000
N 699-25-34C Down 5 72,000 20,000
N 699-26-35A Up 4 73,700 20,000

Waste Management Area A-AX

Chromium, µg/L Y 299-E24-19 Down 6 2,820 100
Y 299-E25-46 Down 1 131 100

Iodine-129, pCi/L N 299-E24-19 Down 2 5.14 1
f..^., N 299-E24-20 Down 1 4.54 1

N 299-E25-40 IJp 2 6.65 1
N 299-E25-41 Up 2 4-7 1
N 299-E25-46 Down 2 4.39 1

Nickel, pg/L Y 299-E24-19 Down 6 883 100

'a, A35 m



Groundwater Monitoring for FY 1999

Table A.3.. (contd)

Upgradiend Number of Maximum MCI, or
Constituent, units Filter Well Name Downgradient - Exceedances Result DWP)Level

Waste Management Area B-BX-BY . . .

Cadmium,µglL Y 299-E33-7 Down 1 5.4' 5

Cyanide, µg/L . . . N 299-E33-7 Down 4 291 200

Gross alpha, pCi/I. N 299-E33-13 Down 10 37.2 15
N 299-E33-18 Down 9 100 15
N 299-E33-26 Down 3 31.7 15
N 299-E3338 Down 4 68.9 15
N 299-E33-44 Down 12 201 15
N 299-E33-5 Down 3 41 15

Gross beta, pCi/L N 299-E33-13 Down 12 1,220 50
N 299-E33-15 Down 1 59.4 50
N 299-E33-16 Down 5 700 50
N 299-E33-18 Down 9 476 50
N 299-93-26 Down 3 1,080 50
N 299-E33-31 Down 13 609 50
N 299-E33-32 Down 11 434 50
N 299-E33-34 Down 2 1,410 50
N 299-E33-35 Down 3 441 50
N 299-E33-38 Down 3 2,460 50
N 299-E33-41 Down 12 532 50
N 299-E93-42 Down 12 763 . 50
N 299-E33-44 Down 10 2,140 50 r-„
N 299-E33-5 Down 3 2,220 50 - ^
N 299-93-7. Down 8 2,620 50
N 299-E33-8 Down 5 541 50
N 699-50-53A Down 1 80.8 50
Y 299-E33-8 Down 1 452 50

Iodine-129, pCi/I. N 299-E28-8 Down 2 3.54 - 1
N 299-E33-15 Down 1 3.88 1
N 299-E33-17 Down 2 6.54 1
N 299-E33-18 Down 1 5.86 1
N .299-E33-20 Down 2 5.25 1
N 299-E33-21 Down 2 3.81 1
N 299-E33-26 Down 1 4.95 1
N ' 299-E33-31 Down 1 437 1
N 299-E33-32 Down 3 4.11 1
N 299-E33-33 Up 3 4-07 1
N 299-E33-36 Up 4 6.5 1
N 299-E33-41 Down 1 4.53 1
N 299-E33-42 Down 1 4.92 1
N 299-E33-43 Down

^
3 4.31 1

. . ' N 299-H33-44 Down 1 4.56 1 ..
. N 299-E33-8 Down 1 4.48 1

NitrogeninNitrate,N9/L N 299-E33-13 Down 12. 58,700 10,000
N .299-83-15 Down 4 71,100 10,000
N 299-E33-16 Down 5 116,000 10,000
N 299-E33-17 Down 5 ' 49,500 10,000
N 299-83-18 Down 8 31,600 10,000
N 299-E33-20 Down 3 - 50,500 10,000
N 299-E33-26 Down . 4 39,400 10,000
N 299-E33-31 Down 13 26,300 10,000
N 299-E33-32 Down 11 15,900 10,000
N 299-E33-34 .. Down 2 44,600 10,000

.. . N 299-E33-35 Down 3 20,500 10,000
N 299-E33-38 Down 4 47,900 10,000
N 299-E33-42 Down 12 16,200 10,000
N 299-E33-44 Down 12 31,100 10,000

aa A.36 losi



Appendix A

Table A.3. (contd)

Upgradient/ Number of Maximum MCLor

Constituent,units Filter Well Name Downgradient Exceedances Result DWS6>Level

N 299-E33-5 Down 2 42,300 10,000
N 299-E33-7 Down 8 85,100 10,000
N 299-E33-8 Down 6 17,200 10,000
N 699-49-57A Down 1 26,000 10,000
N 699-50-53A Down 1 37,000 10,000

Technetium-99, pCi/L N 299-E33-13 Down 12 3,660 900
N 299-E33-16 Down 5 2,200 900
N 299-E33-18 Down 6 1,490 900
N 299-E33-26 Down 4 3,750 900
N 299-E33-31 Down 13 1,860 900
N 299-E33-32 Down 4 1,210 900
N 299-E33-34 Down 1 3,210 900
N 299-E33-35 Down 2 1,720 900
N 299-E33-38 Down 4 5,750 900

. . . N 299-E33-41 Down 9 1,450 900
N 299-R33-42 Down 12 1,730 900
N 299-E33-44 Down 12 4,700 900
N 299-E33-5 Down 3 5,000 900
N 299-E33-7 Down 8 6,850 900
N 299-93-8 Down 5 1,560 900
N 699-49-57A Down 1 2,470 900
Y 299-E33-8 Down 1 1,300 900

Uranium, Ng/L N 299-F33-13 Down 12 63.7 20
N 299-E33-18 Down 9 186 20
N 299-E33-26 Down 4 45.8 20
N 299-E33-34 Down 1 21.1 20
N 299-E33-38 Down 4 119 20
N 299-E33-41 Down 9 253 20
N 299-E33-44 Down 12 350 20
N 299-E33-5 Down 3 85.6 20
Y 299-E33-13 Down 3 663 20
Y 299-E33-18 Down 2 156 20
Y 299-E33-26 Down 1 283 20
Y 299-E33-38 Down 1 60.3 20
Y 299-E33-41 Down 2 25.2 20
Y 299-E33-44 Down 1 214 20
Y 299-E33-5 Down 1 52.5 20

Waate Management Area C

Gross beta, pCi/L N 299-E27-13 Down 1 50.8 50
N 299-E27-14 Up 12 180 50

Iodine-129, pCi/L N 299-E27-12 Down 1 4.27 1
N 299-E27-13 Down 1 3.93 1
N 299-E27-14 Up 1 2.91 1
N 299-E27-15 Down 1 3.47 1
N 299-E27-7 Up 1 4.54 1

Waste Management Area S-SX

Carbon tetrachloride, µg/L N 299-W23-15 Down 1 120 5

Gross alpha, pCi/L N 299-W23-7 Down 1 128 15

Gross beta, pCi/I- N 299-W22-45 Down 5 649 50
N 299-W22-46 Down 4 1,500 50
N 299-W23-7 Down 1 993 50

NitrogeninNitrate,µg/L N 299-W22-46 Down 1 10,100 10,000
N 299-W23-14 Up 3 20,600 10,000

a A.37 a



Groundwater Monitoring for FY 1999

Table A.3. (contd)

Constituent, units Filter

Techtretium-99, pCi/L N

N

Tritium, pCi/L N

N
N

Uranium, µg/L N

Carbon tetrachloride, jig/L

Chromium, pg/L

Fluoride, µg/L

Gross alpha, pCi/L

Gross beta, pCi/L

Methylenechloride, µg/L

Nitrogen in Nitrate, µg(L

Technetium-99, pCi/1-

Trichloroethylene,pg/L

Tritium, pCi/L

N

Y
Y
Y
Y
Y

N
N
N

N

N
N
N
N
N
N
N
N
N
N
Y

N

N
N
N
N
N
N
N
N
N
N
N
N
Y

N
N
N

N

N
N
N
N
N
N

Upgmdient/

Well Name Downgradient

299-W22-45 Down
299-W22-46 Down

299-W22-39 Down
299-W22-46 Down
299-W23-14 Up

299-W23-7 Down

Waste Management Area T

299-W10-24 Down

299-W10-23 Down
299-W10-24 Down
299-W10-4 Up
299-W10-8 Down
299-W11-23 Down

299-W10-12 Down
299-W10-24 Down
299-W104 Up

299-W11-27 Down

299-W10-12 Down
299-W10-23 Down
299-W10-24 Down
299-W10-4 Up
299-W10-8 Down
299-W11-12 Down
299-W11-23 Down
299-W11-24 Down
299-W11-27 Down
299-W11-28 Down
299-W10-24 Down

299-W10-24 Down

299-W10-1 Up
299-W10-12 Down
299-W10-22 Down
299-W 10-23 Down
299-W10-24 Down
299-W10-4 Up
299-W10-8 Down
299-W11-12 Down
299-W11-23 Down
299-W11-24 Down
299-W11-27 Down
299-W11-28 Down
299-W11-24 Down

299-W10-24 Down
299-W11-23 Down
299-W11-27 Down

299-W10-24 Down

299-W10-12 Down
299-WI0-23 Down
299-W10-24 Down
299-W10-4 Up
299-W10-8 Down
299-W11-12 Down

Number of Maximum MCL or

Exceedances Result DWSro)Level

5 1,760 900
4 3,760 900

4 24,800 20,000
4 41,700 20,000 -
4 325,000 20,000

1 74.3 20

6 1,600 5

4 153 100
4 115 100
4 192 100
3 115 100
2 129 100

1 4,290 4000
2 4,960 4000
4 5,250 4000

1 90.1 15

2 77.5 50
4 106 50
7 972 50
4 106 50
4 115 50
4 71.7 50
5 2,460 50
2 70.7 50
1 2,050 50
4 122 50
2 221 50

1 8 5

2 36,100 10,000
2 85,600 10,000
5 17,400 10,000
4 132,000 10,000
10 120,000 10,000
4 186,000 10,000
4 89,300 10,000
4 28,100 10,000
5 23,400 10,000
2 63,400 10,000
1 16,300 10,000
4 41,300 10,000
1 57,000 10,000

4 3,660 900
5 8,540 900
2 7,010 900

4 11 5

1 21,700 20,000
4 25,500 20,000
5 29,300 20,000
2 23,700 20,000
3 23,600 20,000
4 71,500 20,000

^°--r
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Appendix A

Table A.3. (contd)

Constituent, units

Carbon tetrachloride, µg/L

Gross beta, pCi/L

Niuogen in Nitrate, µg/I-

Trichloroethylene, µg/L

Tritium, pCi/I-

Carbon tetrachloride, p/L

Chromium, µg/L

Gross alpha, pCi/L

Gross beta, pCi/L

Iodine-129, pCi/L

Nickel, pg/L

Nitrogen in Nitmte, pg/L

IJpgradient/ Number of Maximum
Filter WeIlName Downgradient Exceedances Result

N 299-W11-24 Down 3 28,200
N 299-W11-28 Down 4 41,100
Y 299-W10-24 Down 3 29,600

Waste Management Area T, Assessment Wells

N 299-W30-19 Down 1 89
N 299-W10-20 Down 1 1,300
N 299-W10-21 Down 1 400
N 299-W6-2 Down 1 130

N 299-W6-10 Up 2 83.2
Y 299-W11-31 Down 1 118

N 299-W10-19 Down 1 19,500
N 299-W10-20 Down 1 25,400
N 299-W10-21 Down 1 45,600
N 299-W6-10 Up 2 27,000
N 299-W6-2 Down 1 10,900
N 299-W6-4 Down 2 19,600
N 299-W6-9 Down 2 14,600
Y 299-W31-31 Down 1 30,000

N 299-W10-21 Down 1 7

N 299-W6-10 Up 2 49,400
N 299-W6-4 Down 1 21,700
Y 299-W11-31 Down 1 52,500

Waste Management Area TX-TY

N 299-W14-14 Down 7 920
N 299-W15-4 Down 3 460
N 299-W15-40 Down 1 950

Y 299-W14-13 Down 4 433

N 299-W14-12 Down 1 26.4

N 299-W10-17 Down 4 101
N 299-W10-18 Down 1 52.5
N 299-W10-26 Down 1 559
N 299-W14-13 Down 4 1,510
N 299-W14-14 Down 4 117
N 299-W14-2 Down 3 468
N 299-W14-5 Down 4 91.5
N 299-W14-6 Down 3 58.5
N 299-W15-12 Down 2 245
N 299-W15-4 Down 4 418
Y 299-W14-14 Down 1 135

N 299-W14-13 Down 2 31.1
N 299-W14-2 Down 3 47.4

Y 299-W10-18 Down 3 360

N 299-W10-17 Down 4 52,400
N 299-W10-18 Down 3 18,500
N 299-W10-26 Down 5 19,900
N 299-W14-12 Down 1 131;000
N 299-W14-13 Down 4 78,500
N 299-W14-14 Down 5 51,000
N 299-W14-2 Down 4 19,300
N 299-W14-5 Down 4 48,600
N 299-W14-6 Down 4 20,100

MCL or

GV,VVV

20,000
20,000

5
5
5
5

50
50

10,000
10,000
10,000
10,000
10,000
10,000
10,000
10,000

5

20,000
20,000
20,000

5
5
5

100

15

50
50
50
50
50
50
50
50
50
50
50

1
1

100

10,000
10,000
10,000
10,000
10,000
10,000
10,000
10,000
10,000
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Groundwater Monitoring for FY 7999

Table A.3. (contd)

Upgradient/ Number of Maximum MCL or
Constituent, units Filter WellNune Downgradient Exceedances Result DWSro)Level

N 299-W15-12 Down 2 37,100 10,000
N 299-W15-4 Down 4 29,800 10,000
N 299-W15-40 Down 4 32,300 10,000

Technetium-99, pCi/L N 299-W14-12 Down 1 , 6,200 900
N 299-W14-13 Down 4 5,130 900
N 299-W14-2 Down 2 1,450 900
N 299-W15-4 Down 1 982 900

Txichlorcethylene,µgll N 299-W14-14 Down 4 10 5
N 299-W15-40 Down 1 15 5

Tritium, pCi/L N 299-W10-17 Down 3. 27,200 20,000
N 299-W14-12 Down 1 1,170,000 20,000
N 299-W14-13 Down 4 2,000,000 20,000
N 299-WI4-2 Down 4 1,970,000 20,000
N 299-W15-12 Down 2 29,900 20,000
N 299-W15-4 Down 1 21,400 20,000

Waste Management Area U

Carbon tetrachloride, µgiL N 299-W 18-30 Down 5 610 5
N 299-W19-41 Down 1 290 5
N 299-W19-42 Down 2 510 5

Gross beta, pCi/L N 299-W19-12 Down 4 78.4 50
N 299-W19-31 Down 1 57.4 50
N 299-W19-41 Down 4 148 50
N 299-W19-42 Down 3 124 50

Treated Effluent Disposal Facility . . .

Gross beta, pCi/L N 699-40-36 Down 1 130 50

(a) Samples collected between October 1, 1998 and September 30, 1999. Primary maximum contaminant levels and interim drinking
water standards. Excludes constiments where the detection limit is greater than the standard.

(b) MCL = Maximum contaminant level. .. '
DWS = Drinking water standard. . , -

ND = Not determined. . . . •
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AppendixA

Table A.4. Monitoring Wells and Constituents for 100 N Area Units (adapted from

WHC-SD-EN-AP-038, Rev. 2)

Hydrogeologic Unit Sampling Water-Level well
Well Monitored Frequency Measurement Standard Other Netwozks

1301-N Liquid Waste Disposal Facility

199-N-264 Top of unconfined Semiannual Semiannual PRE 100-NR-2,ERA

199-N-360 Top of unconfined Semiannual Semiannual PRE 100-NR-2, ERA,

Surveillance

199-N-348' Top of unconfined Semiannual Semiannual PRE Surveillance

199-N-5787 Top of unconfined Semiannual Semiannual RCRA Surveillance

199-N-105A95 Unconfined Semiannual -- RCRA(') ERA

1324-N/NA Liquid Waste Disposal Facilities

199-N-59s' Top of unconfined Semiannual Semiannual RCRA Surveillance

199-N-719' Top of unconfined Semiannual Semiannual RCRA Surveillance

199-N-729' Top of unconfined Semiannual Semiannual RCRA

199-N-7391 Top of unconfined Semiannual Semiannual RCRA

199-N-7792(6) Bottom of unconfined Semiannual Semiannual RCRA --

1325-N Liquid Waste Disposal Facility

199-N-28s?(") Top of unconfined Semiannual Semiannual PRE Surveillance

199-N-32w Top of unconfined Semiannual Semiannual PRE 100-NR-2, Surveillance

199-N-41s" Top of unconfined Semiannual Semiannual PRE Surveillance

199-N-749i Top of unconfined Semiannual Semiannual RCRA 100-NR-2, Surveillance

199-N-81" Top of unconfined Semiannual Semiannual RCRA 100-NR-2, Surveillance

Contamination Indicator Parameters Site-Specific Parzmeters

pH (field) Alkalinity(°) ICP metals (fihered)(°)

Specific conductance (field) Anions(O Turbidity

Total organic carbon Gross alphacd)

Total organic halides

(a) Extraction well; screened over entire thidrness of aquifer.
(b) Used for supplemental information; no statistical evaluations.

(c) Annually for 1301-N and 1325-N liquid waste disposal facilities.
(d) Gross alpha required for wells 199-N-59 and 199-N-77 only.
Bold italic = Upgradient wells. . . .
Superscript = Year of installation.
ERA = Expedited response action.
ICP = Inductively coupled plasma emission spectroscopy.
PRE = Well not constructed to RCRA standards.
RCRA = Well constructed to RCRA standards.
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Table A.5. Critical Mean Values for 1301-N Liquid Waste Disposal Facility(a^

Upgradient/
Average Standard Critical Downgradient

Constituent, unit n df t^ Background Deviation Mean Comparison Value

Specific

conductance, µS/cm 10 9 4.7815 537.69 237.05 1,726.5 1,726.5

Field pH 10 9 5.2912 7.969 0.356 [5.99, 9.94] [5.99, 9.94]

Total organic carbon,

119/1- 10 9 4.7815 623.625 350.836 2,383.0 2,383.0

Total organic
halides,(b) pg/L 9 8 5.0420 6.162 3.377 24.1 24.1

(a) Based on semiannual sampling events from September 1997 to September 1999 for upgradient wells 199-N-57 and
199-N-34.

(b) Ezcluding suspect data collected on September 30, 1997 from well 1 99-N-57.
df = Degrees of freedom (n-1).
n = Number of background replicate averages.
t^ = Bonferroni critical t-value for appropriate df and 20 comparisons.

Table A.6. Critical Mean Values for 1324-N/NA Liquid Waste Disposal Facilities(a)

Upgradient/
Average Standard Critical Downgradient

Constituent, unit ndi t' Background Deviation Mean Comparison Value

Specific

conductance, pS/cm 5 4 8.1216 305.25 18.694 471.6 471.6

Field pH 5 4 9.7291 8.162 0.095 [7.15, 9.17] [7.15, 9.17]

Total organic . . . '^,

carbon,(") pg/L 5 4 8.1216 237.25 180.157 1,840.1 1,840.1

Total organic halides,
pg/1. 5 4 8.1216 7.334 2.286 27.7 27.7

(a) Based on semiannual sampling events from September 1997 to August 1999 for upgradient well 199-N-71:
(b) Critical mean calculated from values reported below vendor's specified method detection limit. ',.
df = Degrees of freedom (n-1). , '..

n = Number of background replicate averages. ^.,
t, = Bonferroni critical t-value for appropriate df and 16 comparisons. . . . ',
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Table A.7. Critical Mean Values for 1325-N Liquid Waste DisposalFacilityca)

Upgradient/

Average Standard Critical Downgradient
Constituent, unit n df t' Background Deviation Mean Comparison Value

Specific
conductance, µS/cm 5 4 8.1216 349.75 13.621 470.9 470.9

Field pH 5 4 9.7291 8.163 0.149 [6.57, 9.761 [7.46, 8.79](")

Total organic carbon,
µg/L 5 4 8.1216 307.5 156.774 1,702.3 1,702.3

Total organic halides,
Ng/L 5 4 8.1216 6.185 2.375 27.3 27.3

(a) Based on semiannual sampling events from September 1997 to September 1999 for upgradient well 199-N-74.
(b) Values calculated using data collected from August 1995 to September 1999 because the critical range calculated using

limited data is too large to be meaningful.
df = Degrees of freedom (n-1).

n = Number of background replicate averages.
t^ = Bonferroni critical t-value for appropriate df and 16 comparisons.

Table A.8. Monitoring Wells and Constituents for 120-D-1 Ponds (adapted from

WHC-SD-EN-AP-048)

Hydrogeologic Unit Sampling Water-Level Well
Well Monitored Frequency^') Measurement Standard Other Networks

199-D5-13" Top of unconfined Semiannual Semiannual RCRA 100-HR-3, Surveillance

199-D8-491 Top of unconfined Semiannual Semiannual RCRA 100-HR-3

199-D8-59' Top of unconfined Semiannual Semiatmual RCRA 100-HR-3

199-D8-691 Topofunconfined Semiannual Semiannual RCRA Surveillance

Contamination Indicator Parameters

pH (field)

Specific conductance (field)

Total organic carbon

Total organic halides

Site-Specific Parameters

Alkalinity ICP metals (filtered)

Anions Mercury (filtered)

Gross alpha Tritium

Gross beta Turbidity (field)

(a) Through March 1999. Site clean closed. No further RCRA monitoring required.
Bold italic = Upgradient well.
Superscript = Year of installation.
ICP = Inductively coupled plasma emission spectroscopy.
RCRA = Well constructed to RCRA standards.
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Table A.9: Monitoring Wells and Constituents for 183-H Solar Evaporation Basins

(adapted from PNNL-11573)

Hydrogeologic Unit Sampling Water-Level Well
Well Monitored Frequency Measurement Standard Other Networks

199-H4-3" Top of unconfined Annual Semiannual PRE IRA, Surveillance

199-H4-7m(a) Top of unconfined Annual Semiannual RCRA IRA, Surveillance

199-H4-12A86(a) Top of unconfined Annual Semiannual RCRA IRA

199-H4-12Ce6 Mid-depth unconfined Annual Semiannual RCRA IRA

Dangerous Waste Constituents Site-Specific Parameteis

Chromium (filtered) Alkalinity pH

Nitrate Anions Specific conductance

Fluoride . . . ICP metals (filtered) Turbidity . . .

Technetium-99 . . .

Uranium

(a) Extraction well.
Superscript = Year of installation.

ICP = Inductively coupled plasma emission spectroscopy.
IRA = Interim response action.
PRE = Well not constructed to RCRA standards.
RCRA = Well constructed to RCRA standards.

^-t
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Table A.10. Monitoring Wells and Constituents for Waste Management Area S-SX ( adapted from

WHC-SD-EN-AP-191)

Hydrogeologic Unit
Well Monitored

299-W22-3991 Top of unconfined

299-W22-4491 Top of unconfined

299-W22-45- Top of unconfined

299-W22-4691 Top of unconfined

299-W22-489° Top of unconfined

299-W22-4999 Topofunconfined

299-W22-50's Top of unconfined

299-W23-769 Top of unconfined

299-W23-972 Topofunconfined

299-W23-1390 Top of unconfined

299-W23-149' Top of unconfined

299-W23-1591 Top of unconfined

Contamination Indicator Parameters

pH

Specific conductance

^..,^ Total organic carbon

Total organic halides

Bold italic = Upgradient wells.
Superscript = Year of installation.
ICP = Inductively coupled plasma emission spectroscopy.
PRE = Well not constructed to RCRA standards.
RCRA = Well constructed to RCRA standards.

Sampling
Frequency

Quarterly

Quarterly

Quarterly

Quarterly

Quarterly

Quarterly

Quarterly

Quarterly

Quarterly

Quarterly

Quarterly

Quarterly

Water-Level
Measurement

Quarterly

Quarterly

Quarterly

Quarterly

Quarterly

Quarterly

Quarterly

Quarterly

Quarterly

Quarterly

Quarterly

Quarterly

Well

Standard

RCRA

RCRA

RCRA

RCRA

RCRA

RCRA

RCRA

PRE

PRE

RCRA

RCRA

RCRA

recific Parameters

ICP metals (filtered)

Other Networks

Anions

Cesium-137

Gross alpha

Gross beta

Hexavalent chromium

Surveillance

11

Surveillance

Surveillance

Surveillance

Surveillance

Strontium-90

Technetium-99

Tritium

Turbidity

Uranium

Volatile organic compounds
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Table A.1 1. Monitoring Wells and Constituents for Waste Management Area T (adapted from

WHC-SD-EN-AP-0 12, Rev. I and WHC-SD-EN-AP-132)

Hydrogeologic Unit Sampling Water-Level Well
Well Monitored Frequency Measurement Standard Other Networks

299-W6-280(') Top of unconfined Semiannual Semiannual RCRA LLWMA 3, Surveillance

299-W6-491(a) Top of unconfined Semiannual Semiannual RCRA

299-W6-992(') Top of unconfined Semiannual Semiannual RCRA

299-W6-1092 Unconfined Semiannual Semiannual RCRA --

299-W10-147 Unconfined Semiannual Semiannual PRE Surveillance

299-W10-251 Unconfined Semiannual Semiannual PRE

299-W 10-4''' Unconfined Quarterly Quarterly PRE Surveillance

299-WIO-8?3 Top of unconfined Quarterly Quarterly PRE --

299-W 10-1279 Top ofunconfined Semiannual Semiannual PRE Surveillance

299-W 10-19'2(') Top of unconfined Semiannual Semiannual RCRA LLWMA 3

299-W 10-2093(') Top of unconfined Semiannual Semiannual RCRA LLWMA 3

299-W10-2193('). Topofunconfined Semiannual Semiannual RCRA LLWMA3

299-W10-2294 Unconfined Quarterly Quarterly RCRA Surveillance

299-W10-2398 Unconfined Quarterly Quarterly RCRA --

299-W10-2498 Unconfined Quarterly Quarterly RCRA Surveillance

299-W11-751 Unconfined Semiannual Semiannual PRE --

299-WII-1259 Unconfined Quarterly Quarterly PRE -- .^'

299-W11-237' Topofunconfined Quarterly Quarterly PRE

299-W11-2473 Top of unconfined Quarterly Quarterly PRE --

299-W11-2791 Top of unconfined Quarterly Quarterly RCRA --

299-WI1-2891 Topofunconfined Quarterly Quarterly RCRA Surveillance

299-W11-309' Unconfined Semiannual Semiannual RCRA 200-ZP-1

299-W11-3192(s) Topofunconfined Semiannual Semiannual RCRA

299-W15-12P3 Unconfined Semiannual Semiannual PRE

Contamination Indicator Parameters Site-Specific Pammeters(b)

pH Anions Strontium-90

Specific conductance Gamma scan (cesium-137, Technetium-99

Total organic carbon cobalt-60) Total dissolved solids

Total organic halides Gross alpha Tritium

Gross beta Turbidity

ICP metals (filtered) Volatile organic compounds

Iodine-129

( a) Wells used for expanded assessment monitoring.
(b) Constituent list varies by well.

Superscript = Year of installation.
ICP = Inductively coupled plasma emission spectroscopy.
LLWMA =Low-level waste management area.
PRE =We11 not constructed to RCRA standards.
RCRA = Well constructed to RCRA standards.
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Table A.12. Monitoring Wells and Constituents for Waste Management Area TX-TY (adapted from

WHC-SD-EN-AP-012, Rev. 1 and WHC-SD-EN-AP-132)

Hydrogeologic Unit
Well Monitored

299-W10-1791. Top ofunconfined

299-W10-189p Top of unconfined

299-W10-269° Unconf'med

299-W14-2'5 Unconfined

299-W14-514 Unconfined

299-W14-614 Unconfined

299-W14-1291 Top of unconfined

299-W14-1399 Unconfined

299-W14-14'o Unconfined

299-W15-456 Unconfined

299-W15-229' Top of unconfined

299-W15-4099 Unconfined

Contamination Indicator Parameters

Sampling
Frequency

Water-Level Well
Measurement Standard Other Networks

Quarterly RCRA --

Quarterly RCRA -_

Quarterly RCRA --

Quarterly PRE --

Quarterly PRE -.

Quarterly PRE --

Quarterly RCRA --

Quarterly RCRA --

Quarterly RCRA Surveillance

Quarterly PRE 200-ZP-1

Dry RCRA --

Quarterly RCRA

Site-Specific Parameters

Alkalinity Iodine-129

Anions Strontium-90(')

Gamma scan ( cesium-137, Technetium-99

cobalt-60) Total dissolved solids

Gross alpha Tritium

Gross beta , Turbidity

ICP metals ( filtered) Volatile organic compounds(°)

Quarterly

Quarterly

Quarterly

Quarterly

Quarterly

Quarterly

Quarterly

Quarterly

Quarterly

Quarterly

DrY

Quarterly

pH

Specific conductance

Total organic carbon

(a) Limited wells.
Bold italic = Upgradient well.
Superscript = Year of installation.
ICP = Inductively coupled plasma emission spectroscopy.
PRE = Well not constructed to RCRA standards.
RCRA = Well constructed to RCRA standards.
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Table A.13. Monitoring Wells and Constituents for Waste Management Area U (adapted from

WHC-SD-EN-AP-012, Rev. 1)

Hydrogeologic Unit Sampling Water-Level Well
Well Monitored Frequency Measurement Standard Other Networks

299-W18-2590 Top of unconfined Quarterly Quarterly RCRA Surveillance

299-W18-3091 Top of unconfined Quarterly Quarterly RCRA 200-ZP-1

299-W18-3191 Top of unconfined Quarterly Quarterly RCRA

299-W19-1283(0 Topofunconfined Quarterly Quarterly PRE --

299-W19-3190 Top of unconfined I Dry(b) .Dry(") RCRA Surveillance

299-W19-41w Topofunconfined Quarterly Quarterly RCRA Surveillance

299-W19-4299 Topofunconfined Quarterly Quarterly RCRA Surveillance

Contamination Indicator Parameters Site-Specific Parameters

pH Alkalinity Iodine-129(°)

Specific conductance Anions Phenols(a)

Total organic carbon Gamma scantO Technetium-99

Total organic halides Gross alpha Total dissolved solids

Gross beta Tritium

. . . ICP metals (filtered) Turbidity

(a) Used for supplemental information; no statistical evaluations.
(b) Last sampled December 1998:
(c) Wells 299-W 19-41 and 299-W 19-42 only.
(d) Annually.

Bold italic = Upgradient wells.

Superscript = Year of installation.

ICP = Inductively coupled plasma emission spectroscopy.

PRE = Well not constructed to RCRA standards.
RCRA = Well constructed to RCRA standards.

Table A. 14. Critical Mean Values for Waste Management U(')

. . . . . . Upgradient/

Average Standard Critical Downgradient

Constituent, unit n df t,_ Background Deviation Mean Comparison Value

Specific
conductance, pS/cm 10 9 4.7815 218.175 10.870 272.7 272.7

Field pH 10 9 5.2912 8.088 0.112 [7.46, 8.71] [7.46, 8.71]

Total organic carbon,^"3
µg/L 10 9 4.7815 465.250 125.069 1,092.5 1,153.7

Total organic halides,
µg/L 10 9 4.7815 32.938 25.438 160.5 160.5

(a) Data collected from August 1998 to August 1999 for upgradient wells 299-W 18-25 and 299-W 18-31:

(b) Upgradient/downgradient comparison value is the limit of quantitation discussed in Appendix B.

df = Degrees of freedom (n-1).

n = Number of background replicate averages. -

t^ = Bonferroni aitical t-value for appropriate df and 20 comparisons.
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Table A.15. Monitoring Wells and Constituents for 216-S-10 Pond and Ditch (adapted from

WHC-SD-EN-AP-018)

Hydrogeologic Unit Sampling
Well Monitored Frequency

299-W26-791 Top of unconfined Semiannual

299-W26-890 Top of unconfined Dry(')

299-W26-990 Topofunconfined Dry()

299-W26-1091 Top of unconfined Dry(°)

.299-W26-1291 Top of unconfined Semiannual

299-W27-2nid' Base of unconfined Semiannual

Contamination Indicator Parameters

pH

Specific conductance

Total organic carbon

Total organic halides

Water-Level Well
Measurement Standard Other Networks

Semiannual RCRA Surveillance

NA RCRA Surveillance

NA RCRA --

NA RCRA --

Semiannual RCRA Surveillance

Semiannual RCRA Surveillance

Site-Specific Parameters

Alkalinity ICP metals (filtered)

Anions Phenols

Gross alpha Turbidity

Gross beta

( a) Well dry; last sampled March 1998.
( b) Well dry; last sampled June 1999.
( c) Well dry; last sampled March 1999.
(d) Used for supplemental information; no statistical evaluation.
Bold italic = Upgradient wells.
Superscript = Year of installation. . . .
ICP = Inductively coupled plasma emission spectroscopy.
NA = Not applicable.
RCRA = Well constructed to RCRA standards.

Table A.16. Critical Mean Values for 216-5-10 Pond and Ditch(a)

Upgradient/
Average Standard Critical Downgmdient

Constituent, unit n df t^ Background Deviation Mean Comparison Value

Specific
conductance, pS/cm 5 4 7.5288 276.6 5.504 322.0 322.0

Field pH 5 4 9.0292 8.101 0.089 [7.22, 8.98] [7.22, 8.98]

Total organic
carbon,°'3µg/L. 5 4 7.5288 274.45 111.93 1,197.6 1,197.6

Total organic halides,

µg/L 5 4 7.5288 5.584 2.175 23.5 23.5

(a) Data collected from December 1996 to December 1997 for upgradient well 299-W26-7, except for total organic carbon
that was collected from December 1995 to December 1997.

(b) Crirlcal mean calculated from values reported below vendor's specified method detection limit.
df = Degrees of freedom (n-1).
n = Number of background replicate averages.
tc = Bonferroni critical ovalue for appropriate df and 12 comparisons.
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Hydrogeologic Unit Sampling Water-Level Well
Well Monitored Frequency Measurement Standard Other Networks

299-W22-4090 Top of unconfined Removed NA RCRA Surveillance

299-W22-4190 Top of unconfined Dry(') NA RCRA --

299-W22-429° Top of unconfined Dry(s) NA RCRA --

299-W22-4390 Top of unconfined Quarterly Quarterly RCRA --

299-W22-7998 Top of unconfined Quarterly Quarterly RCRA --

699-36-70AN Top of unconfined Quarterly Quarterly RCRA ERDF

Contamination Indicator Parameters Site-Specific Parameters

pH Alkalinity Iodine-129"1

Specific conductance Anions Technetium-99

Total organic carbon Gross alpha Total dissolved solids

Total organic halides Gross beta Tritium

ICP metals (filtered)(6) Turbidity

(a) Well is dry; last sampled March 1999.
(b) Analyzed annually.
Bold italic = Upgradient well.

Superscript = Year of installation.
ERDF = Environmental Restoration Disposal Facility.

ICP = Inductivelycoupled plasma emission spectroscopy.

NA = Not applicable.
RCRA = Well constructed to RCRA standards.
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Table A.18. Monitoring Wells and Constituents for Low-Level Waste Management Area 3

(adapted from WHC-SD-EN-AP-015)

Hydrogeologic Unit Sampling Water-Level Well
Well Monitored Prequencg Measurement Standard Other Networks

299-W6-217 Top of unconfined Semiannual Semiannual RCRA, WMA T, Surveillance

299-W7-1s' Top of unconfined Semiannual Semiannual RCRA SALDS
299-W7-287 Top of unconfined Dry Dry RCRA --
299-W7-38' Deep unconfined Semiannual Semiannual RCRA SALDS
299-W7-48' Top of unconfined Semiannual Semiannual RCRA

299-W7-587 Top of unconfined Semiannual Semiannual RCRA SALDS,Surveillance

299-W7-687 Topofunconfined Semiannual Semiannual RCRA SALDS, Surveillance
299-W7-7w Top of unconfined Semiannual Semiannual RCRA SALDS

299-W7-8s' Top of unconfined Semiannual Semiannual RCRA SALDS, Surveillance
299-W7-9n Top of unconfined Semiannual Semiannual RCRA SALDS

.299-W7-1090 Top of unconfined Semiannual Semiannual RCRA

299-W7-1191 Top of unconfined Semiannual Semiannual RCRA SALDS, Surveillance
299-W7-1281 Top of unconfined Semiannual Semiannual RCRA SALDS, Surveillance
299-W8-187 Top of unconfined Semiannual Semiannual RCRA SALDS, Surveillance
299-W9-187 Topofunconfined Semiannual Semiannual RCRA Surveillance

299-W10-138' Top of unconfined Semiannual Semiannual RCRA Surveillance
299-W10-1487 Deep unconfined Semiannual Semiannual RCRA --

299-W10-19^ Top of unconfined Semiannual Semiannual RCRA WMA T
299-W10-2093 Top ofunconfined Semiannual Semiannual RCRA WMAT, Surveillance

299-W10-21" Top of unconfined Semiannual Semiannual RCRA WMA T, Surveillance

Contamination Indicator.Parameters Site-Specific Parameters

pH Alkalinity Mercury (filtered)
Specific conductance - Anions Phenols
Total organic carbon Gross alpha Tritium

Total organic halides Gross beta Turbidity

ICP metals (filtered) Volatile organic compounds

Lead (filtered)

Bold italic = Upgradient wells.
Superscript = Year of installation.
RCRA = Well constructed to RCRA standards.
SALDS = State-Approved Land Disposal Site.
WMA = Waste management area.
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. . . . Upgradient/

Average Standard Critical Downgradient
Constituent, unit n df t,_ Background Deviation Mean Comparison Value

Specific

conductance, pS/cm 9 8 5.3168 445.472 24.948 585.3 585.3

Field pH 9 8 5.9119 8.287 0.226 [6.88, 9.691 [6.88, 9.691

Total organic
carbon,(hc) µg/L 8 7 5.7282 169.062 49.945 472.5 1,153.7

Total organic halides, . . .
pg/1. 8 7 5.7282 9.10 7.137 52.5 52.5

(a) Data collected from December 1994 to September 1995 for upgradient wells 299-W9-1 and 299-W 1 0-13. Critical means
calculated for area not impacted by upgradient source of contamination.

(b) Critical means calculated from values reported below vendor's specified method detection limit.
(c) Upgradient/downgradient comparison value is the limit of quantitation discussed in Appendix B.
df=Degreesoffreedom(n-1).
n= Number of background replicate averages.

t^ = Bonferroni critical t-value for appropriate df and 28 comparisons. ..:

r

Table A.20. Critical Mean Values for Low-Level Waste Management Area 3 (area affected

by upgradient contamination)('^

Upgradient/
. . . Average Standard Critical Downgradient

Constituent, unit n df t Background Deviation Mean Comparison Value

Specific
conductance, pS/cm 11('') 10 5.0494 561.296 54.4 848.2 848.2

Field pH 15 14 4.8656 . 8.059 0.316 [6.47, 9.65] [6.47, 9.651

Total organic
carbon,(s') pg/1. 15 14 4.4995 336.9167 126.77 926.0 1,153.7

Total organic halides
µg/L13(") 12 4.7168 784.492 374.522 2,617.7 2,617.7

( a) Data collected from March 1997 to March 1998 for upgradient wells 299-W10-19, 299-W I0-20, and 299-W10-21.

Critical means calculated for area impacted by upgradient source of contamination.

(b) Excluded outliers.
(c) Critical means calculated from values reported below vendor's specified method detection limit.

( d) Upgmdient/downgradient comparison value is the limit of quantitation discussed in Appendix B.

df = Degrees of freedom (n-1).

n = Number of background replicate averages.

t= Bonferroni critical t-value for appropriate df and 40 comparisons. .

. . . . . . . .
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Table A.21. Monitoring Wells and Constituents for Low-Level Waste Management Area 4

(adapted from WHC-SD-EN-AP-015)

Hydrogeologic Unit
Well Monitored

Sampling Water-Level

Frequency Measurement

299-W15-1587 Top of unconfined Semiannual

299-W15-1617 Top of unconfined Semiannual

299-W15-17 Deep unconfined Semiannual

299-W15-18s7 Top of unconfined Semiannual

299-W15-19s" Top of unconfined Dry

299-W15-20s" Top of unconfined Dry

299-W15-2390 Top of unconfined Dry

299-W15-24w Top of unconfined Dry

299-W18-2187 Top of unconfined Semiannual

299-W18-2287 Deep unconfined Semiannual

299-W18-2387 Top of unconfined Semiannual

299-W18-2484 Top of unconfined Semiannual

299-W18-26s" Top of unconfined Dry

299-W18-27" Top of unconfined Semiannual

299-W18-28" Top of unconfined Semiannual

299-W 18-2991 Perched zone Dry

299-W18-3292 Top of unconfined Dry

Contamination Indicator Parameters

pH

Specific conductance

Total organic carbon

Total organic halides

Semiannual

Semiannual

Semiannual

Semiannual

Dry

Dry

Dry

Dry

Semiannual

Semiannual

Semiannual

Semiannual

Dry

Semiannual

Semiannual

Dry

Dry

Well
Standard Other Networks

RCRA 200-ZP-1

RCRA

RCRA --

RCRA -

RCRA 200-ZP-1, Surveillance

RCRA

RCRA

RCRA --

RCRA 200-ZP-1

RCRA Surveillance

RCRA 200>ZP-1

RCRA

RCRA 200-ZP-1

RCRA --

RCRA --

RCRA 200-ZP-1

Site-Specific Parameteis

Alkalinity Mercury (filtered)

Anions Phenols

Gross alpha Tritium

Gross beta Turbidity

ICP metals (filtered) Volatile organic compounds

Lead (filtered)

Bold italic = Upgradient wells.
Superscript = Year of installation.
ICP = Inductively coupled plasma emission spectroscopy.
RCRA = Well constructed to RCRA standards.
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Table A.22. Critical Mean Values for Low-Level Waste Management Area 4(a)

Upgradient/
Average Standard Critical Downgradient

Constituent, unit n df t' Background Deviation Mean Comparison Value

Specific . . . .

conductance, pS/cm 16 15 4.2395 377.156 68.587 676.9 676.9

Field pH 16 15 4.5857 7.958 0,130 [7.34, 8.57] [7.34, 8.57]

Totalorganic
carbon,(b) µg/L 16 15 4.2395 543.438 236.054 .1,575.0 1,575.0

Total organic halides,

pg/L 16 15 4.2395 262.510 199.616 1,134.8 1,134.8

(a) Based on semiannual sampling events from July 1997 to January 1998 for upgradient wells 299-W 15-15, 299-W18-21,
299-WI8-23,and299-WI8-26.

(b) Critical means calculated using data below vendor's specified method detection limit.
df = Degrees of freedom (n-I ).
n =Numberofbackgroundreplicateaverages.
t^ = Bonferroni critical t-value for appropriate df and 28 comparisons.

.
i
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Table A.23. Monitoring Wells, Constituents, and Enforcement Limits for State-Approved

Land Disposal Site ( adapted from WHC-SD-C018H-PLN-004, Rev. 1)

WP11

299-W6-6

299-W6-7

299-W6-8

299-W6-11

299-W6-12

299-W7-i

299-W7-3

299-W7-5

299-W7-6

299-W7-7

299-W7-8

299-W7-9

299-W7-11

299-W7-12

299-W84(°)

699-48-71

699-48-77A(a)

699-48-770°1

699-48-771)1a1

699-49-79

699-51-75

(^nn^rin,P.,r

Acetone

Ammonia

Benzene

Cadmium, total

Chloroform

Coppey total

Gross alpha

Gross beta

Hydrogeologic Unit
Monitored

Top of unconfined

Top of unconf`med

Top of unconfined

Top of uncon£med

Top of unconfined

Top of unconfined

Top of unconfined

Top of unconfined

Top of unconfined

Top of unconfined

Top of unconfined

Top of unconfined

Top of unconfined

Top of unconfined

Top of unconfined

Unconfined

Confined Ringold

unit E; upper

Confined Ringold

unit E; mid to lower

Confined Ringold

unit E; upper

Top of unconfined

Confined Ringold(?)

Sampling
Frequency

Annual

Annual

Semiannual

Annual

Annual

Semiannual

Annual

Annual

Semiannual

Annual

Annual

Annual

Semiannual

Annual

Quarterly

Annual

Quarterly

Well
Standard

RCRA

RCRA

RCRA

RCRA

RCRA

RCRA

RCRA

RCRA

RCRA

RCRA

RCRA

RCRA

RCRA

RCRA

RCRA

PRE

RCRA

Quarterly RCRA

Quarterly RCRA

Annual-

Annual

PRE

PRE

ConstituentEnforcement Limit (µg/L)

160

1,100

5

10

6.2

70

Monitor only

Monitor only

Lead, total

Mercury, total

pH

Strontium-90

Sulfate

Tetrahydrofutan

Total dissolved solids

Tritium

(a) Monitored for full constituent list. Other wells analyzed for tritium only.
Bold italic = Upgradient well.
LLWMA = Low-level waste management area.
PRE = Well not constructed to RCRA standards.
RCRA = Well constructed to RCRA standards.

Other Networks

Surveillance

Surveillance

Surveillance

LLWMA 3

LLWMA 3

LLWMA 3, Surveillance

LLWMA 3, Surveillance

LLWMA 3

LLWMA 3, Surveillance

LLWMA 3

LLWMA 3, Surveillance

LLWMA 3, Surveillance

LLWMA 3, Surveillance

Surveillance

Surveillance

Surveillance

Enforcement Limit (gg/L)

50

2

6.5 - 8.5 pH units

. . . Monitor only

250,000

100

500,000

Monitor only
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Groundwater Monitoring for FY 1999

Table A.24. Monitoring Wells and Constituents for Environmental Restoration Disposal Facility

(adapted from BHI-00873)

Hydrogeologic Unit Sampling Water-Level Well
Well Monitored Frequency Measurement Standard Other Networks

699-35-66A17 Top of unconfined Semiannual

699-36-67% Top of unconfined Semiannual

699-36-7094 Top of unconfined Semiannual

699-37-6896 Top of unconfined Semiannual

Contamination Indicator Parameters

pH
Specific conductance

Turbidity

Bold italic = Upgradient well.
Superscript = Year of installation.

ICP = Inductively coupled plasma emission spectroscopy.
PRE = Well not constructed to RCRA standards.
RCRA = Well constructed to RCRA standards.

Table A.25. Monitoring Wells and Constituents for Waste Management Area A-AX

(adapted from WHC-SD-EN-AP-012, Rev. 1) '

Hydrogeologic Unit
Well Monitored

299-E24-19ss Top of unconfined

299-E24-209' Top of unconfined

299-E25-255'") Top of unconfined

299-E25-400 Top of unconfined

299-E25-4189 Top of unconfined

299-E25-4692 Top of unconfined

Contamination Indicator Parameters

pH

Specific conductance

Total organic carbon

Total organic halides

Sampling Water-Level Well
Frequency Measurement Standard Other Networks

Semiannual Quarterly RCRA Surveillance

Semiannual Quarterly RCRA Surveillance

-- Quarterly PRE --

Semiannual Quarterly RCRA --

Semiannual Quarterly RCRA Surveillance

Semiannual Quarterly RCRA Surveillance

Site-SpecificParameters

Anions Low-level gamma

Gross alpha Phenols

Gross beta Technetium-99

ICP metals ( filtered) Tritium

Iodine-129 Turbidity

(a) Used for supplemental infonnation; no statistical evaluations. .. .
Bold italic = Upgradient wells.
Superscript = Year of installation.
ICP = Inductively coupled plasma emission spectroscopy.
PRE = Well not constructed to RCRA standards.
RCRA = Well constructed to RCRA standards.

Semiannual PRE Surveillance

Semiannual RCRA --

Semiannual RCRA 216-U-12

Semiannual RCRA --

Site-Specific Parameters

Alkalinity ICP metals (filtered)

Anions Iodine-129

Arsenic (filtered) Radium

Carbon-14 Technetium-99

Carbon tetrachloride Total dissolved solids

Gross alpha Total organic halides

Gross beta Uranium

i-^
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AppendixA

^

Table A.26. Critical Mean Values for Waste Management Area A-AX(a)

Upgradient/
Average Standard Critical Doumgmdient

Constituent, unit n df t^_ Background Deviation Mean Comparison Value

Specific
conductance, EtS/cm 6(b) 5 6.8688 313.50 29.838 534.9 534.9

Field pH 8 7 6.0818 8.066 0.182 [6.89, 9.241 [6:89, 9.241

Total organic carbon,
gg/t. 8 7 5.4079 724.375 168.522 1,691.0 1,691.0

Total organic
halides,(°•d) gg/L 8 7 5.4079 2.552 0.791 7.1 17.9

(a) Based on semiannual sampling events from February 1998 to June 1999 for upgradient wells 299-E25-40 and 299-E25-41..
(b) Outlier excluded.

(c) Critical mean calculated from values reported below vendor's specified method detection limit.
(d) Upgradient/downgradient comparison value is the limit of quantitation discussed in Appendix B.
df = Degrees of freedom (n-I).
n = Number of background replicate averages.
t^ = Bonferroni critical t-value for appropriatedf and 20 comparisons. . . . . .
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I Groundwater Monitoring for FY 1999

Table A.27. Monitoring Wells and Constituents for Waste Management Area B-BX-BY(a^

(adapted from WHC-SD-EN-AP-0 12, Rev. 1 and WHC-SD-ENV-AP-002)

Hydrogeologic Unit Sampling Water-Level Well
Well Monitored Frequency Measurement Standard Other Networks

299-E28-857 Unconfined Quarterly Quarterly PRE --

299-E33-555 Unconfined Quarterly') Quarterly PRE Surveillance

299-E33-75i Unconfined Quaterly°) Quarterly PRE Surveillance

299-E33-8" Unconfined Quarterly(b) Quarterly PRE .. .

299-E33-13" Unconfined Quarterly°) Quarterly PRE Surveillance

299-E33-155' Unconfiried Quarterly Quarterly PRE -

299-E33-1653 Unconfined Quarterly Quarterly PRE

299-E33-1753 Unconfined Quarterly Quarterly PRE --

299-E33-185° Unconfined Quarterly PRE Surveillance

299-E33-21" Unconfined Quarterly Quarterly PRE --

299-E33-27'° Unconfined Quarterly°) Quarterly PRE

299-E33-2887 Unconfined Quarterlya) Quarterly RCRA LLWMA 1
299-E33-2987 Unconfined Quarterlyb) Quarterly RCRA

299-E33-31w Unconfined Quarterlyai Quarterly RCRA --

299-E33-32`n Unconfined Quarterly Quarterly RCRA Surveillance

299-E33-3389 Unconfined Quarterly Quarterly RCRA 216-B-63 trench,

Surveillance

299-E33-3590 Unconfined Quarterlyb) Quarterly RCRA LLWMA 1, Surveillance

299-E33-3690 Unconfined Quarterly Quarterly RCRA 216-B-63 trench,

- Surveillance

299-E33-3891 Unconfined Quarterly Quarterly RCRA Surveillance

299-E33-3991 Unconfined Quarterly Quarterly RCRA Surveillance

299-E33-4191 Unconfined Quarterly Quarterly RCRA Surveillance

299-E33-4291 Unconfined Quarterly Quarterly RCRA Surveillance

299-E33-4391 Unconfined Quarterly Quarterly RCRA --

299-E33-4498 Unconfined Quarterly(°) Quarterly RCRA --

Contamination Indicator Parameters Site-Specific Parameters

pH Anions (nitrate, nitrite) Low-level gamma (cobalt-60)

Specific conductance Cyanide Strontium-90

Total organic carbon Gross alpha Technetium-99

Total organic halides Gross beta Tritium

ICP metals (filtered) Turbidity

Iodine-129 Uranium

(a) Well list varies, depending on assessment requirements and changes in contaminant conditions.
(b) Not sampled entire year.
(c) Sampled monthly for selected constituents on1y.Subject to monthly revision.
Bold italic = Upgradient wells.
Superscript = Year of installation.
ICP = Inductively coupled plasma emission spectroscopy.
LLWMA = Low-level waste management area.
PRE = Well not constructed to RCRA standards.
RCRA = Well constructed to RCRA stan dards.
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Appendix A

Table A.28. Monitoring Wells and Constituents for Waste Management Area C(a) (adapted from

WHC-SD-EN-AP-012, Rev. 1)

Hydrogeologic Unit Sampling Water-Level Well
Well Monitored Frequency Measurement Standard Other Networks

299-E27-7820i Top of unconfined Semiannual Quarterly PRE Surveillance

299-E27-12v Top of unconfined Semiannual Quarterly RCRA --

299-E27-139 Top of unconfined Semiannual Quarterly RCRA

299-E27-14s' Top of unconfined Semiannual Quarterly RCRA Surveillance

299-E27-15m Top of unconfined Semiannual Quarterly RCRA Surveillance

Contamination Indicator Parameters - Site-Specific Parameters

pH Anions Phenols

Cyanide Gross alpha Technetium-99

Specific conductance Gross beta Total uranium

Strontium-90 ICP metals (filtered) Tritium
Total organic carbon Iodine-129 Turbidity

Total organic halides Low-level gamma

(a) Sampling increased January 1999 to monthly withlimited constituent list to provide adequate temporal coverage for
surface sluicing activities at Tank C-106. -

(b) Used for supplemental information; no statistical evaluation.
Bold italic = Upgradient wells.
Superscript = Year of installation.
ICP = Inductively coupled plasma emission spectroscopy.
PRE = Well not constructed to RCRA standards.
RCRA = Well constructed to RCRA standards.

Table A.29. Critical Mean Values for Waste Management Area C(')

Upgradient/
Average Standard Critical Downgradient

Constituent, unit n df t, Background Deviation Mean Comparison Value

Specific
conductance,µS/cm 4(h) 3 11.9838 349.812 15.202 553.5 553.5

Field pH 6 5 7.6037 8.345 0.072 [7.76, 8.93] [7.76, 8.93]

Total organic
carbon,W VOL 5(') 4 8.1216 516.25 128.871 1,662.9 1,662.9

Total organic
halides,(Ie) µg/L 6 5 6.5414 3.021 1.076 10.6 17.9

(a) Based on semiannual sampling events from February 1997.to June 1999 for upgradient well 299-E27-14.
(b) Outliers removed.
(c) Critical mean calculated from values reported below vendor's specified method detection limit.
(d) Upgradient/downgradient comparison value is the limit of quantitation discussed in Appendix B.
df = Degrees of freedom (n-1).
n = Number of background replicate averages.
tc = Bonferroni critical t-value for appropriate df and 16 comparisons.
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Groundwater Monitoring for FY 1999

Table A.30. Monitoring Wells and Constituents for PUREX Cribs 216-A-10, 216-A-36B, and

216-A-37-1 (adapted from PNNNL-11523)

Hydrogeologic Unit Sampling Water-Level Well
Well Monitored Frequency Measurement Standard Other Networks

Upgradient
. . . _.

Wells
. . ' ^'

299-E24-1881

.

Top of unconfined Semiannual Semiannual RCRA Surveillance

299-E25-3184 Top of unconfined Semiannual Semiannual ^ -- -RCRA

Near-Field Wells - 216-A-10 Crib

299-Ei7-I5' Topofunconfined Semiannual Semiannual PRE -- .

299-E17-1918 Top of unconfined Semiannual Semiannual RCRA ^ ^ -- ^

299-E24-16ss Top of unconfined Quarterly Quarterly RCRA Surveillance

Near-Field Wells - 216-A-36B Crib

299-E17-968 Top of unconfined Semiannual Semiannual PRE Surveillance

299-E17-14ss Top of unconfined Quarterly Quarterly RCRA Surveillance

299-E17-17s8 Topofunconfined Semiannual Semiannual RCRA

Near-Field Wells - 216-A-37-1 Crib

299-E25-1706 Top of unconfined Semiannual Semiannual PRE

299-E25-1976 Top of unconfined Quarterly Quarterly PRE ^.. Surveillance

699-37-47A96 Top of unconfined Semiannual Semiannual RCRA

Far-Field Wells

57 wells Unconfined TriannualO Triannual(O RCRA, PRE Sitewide '^.

Contamination Indicator Parameters Site-Specific Parameters

pH(s) Alkalinity ICP metals (filtered) -

Specific conductance(b1 Ammonium ion Iodine-12901) -

Temperaturetb) Anions(s) Phenols ^ '.

Turbidity(b) Arsenic (filtered) Strontium-90

Gross alpha Tritium(b)

. . . Gross beta . . ^

(a) Some far-field wells sampled annually.
(b) Far-field wells analyzed for these constituents only.
Superscript = Year of installation.
ICP = Inductively coupled plasma emission spectroscopy.
PRE = Well not constructed to RCRA standards.
PUREX = Plutonium-uranium extraction (plant). .. ^ .
RCRA =

. . ^

Well constructed to RCRA standards. .
. . ^ . . . ^ ..

. . ^

. .. - . .

\^J
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Table A.3 1. Monitoring Wells and Constituents for 216-B-3 Pond (adapted from

WHC-SD-EN-AP-013)

Hydrogeologic Unit Sampling
Well Monitored Frequency

299-E26-11^ Bottom of uppermost Semiannual

299-E32-48' Top of uppermost Semiannual

699-40-39 Lower uppermost Semiannual

699-41-4292 Top of uppermost Semiannual

699-42-39B91 Lower uppermost Semiannual

699-42-42B18 Top ofuppermost Semiannual

699-43-41G91 Top of uppermost Semiannual

699-43-458' Top of uppermost Semiannual

699-44-39B92 Top of uppermost Semiannual

Contamination Indicator Parameters

pH

Specific conductance

Total organic carbon

Total organic halides

(a) Analyn
Bold italic
Superscript

ICP
LERF
LLWMA
RCRA = Well constructed to RCRA standards.

Water-Level Well

d annually.
= Upgradient well.
= Year of installation.
= Inductively coupled plasma emission spectroscopy
= Liquid Effluent-Retention Facility.
= Low-level waste management area.

Measurement Standard Other Networks

Semiannual RCRA LERF, Surveillance

Semiannual RCRA LLWMA 1

Semiannual RCRA

Semiannual RCRA --

Semiannual RCRA --

Semiannual RCRA --

Semiannual RCRA --

Semiannual RCRA 216-A-29 ditch

Semiannual RCRA Surveillance

Site-Specific Parameters

Alkalinity ICP metals (filtered)(4

Anions(') Phenols(')

Gross alpha Turbidity

Gross beta
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Groundwater Monitoring for FY 1999

Table A.32. Critical Mean Values for 216-B-3 Pond(')

. . . Upgradient/
.. . . Average Standard Critical Downgradient

Constituent, unit n. df t^_ Background Deviation Mean Comparison Value

Specific

conductance, µS/cm 15 14 4.4445 417.667 7.215 450.8 450.8

Field pH 15 14 4.8903 7.704 0.262 [6.40, 9.01] [6.40, 9:011

Total organic
carbon,"•°) Ng/L 15 14 4.4445 174.150 123.011 738.8 1,153.7

Total organic
halides;60) Ng/L 14 13 4.5400 3.980 2.242 14.5 17.9

(a) Based on semiannual sampling events from January 1994.to January 1997 for upgradient well 299-E3 2-4.
(b) Critical means calculated from values reported below vendor's specified method detection limit.

(c) Upgradient/downgradient comparison value is the limit of quantitation discussed in Appendix B.
df = Degrees of freedom (n-1).

n= Number of background replicate averages.

t^ = Bonferroni critical t-value for appropriate df and 36 comparisons.

Table A.33. Monitoring Wells and Constituents for 216-A-29 Ditch (adapted from

WHC-SD-EN-AP-645, Rev. 0-A and WHC-SD-EN-EV032)

Hydrogeologic Unit Sampling Water-Level Well
Well Monitored Frequency Measurement Standard OtherNetworks

299-E25-26w Upper unconfined Semiannual Quarterly RCRA --

299-E25-28m Deep unconfined Semiannual Quarterly RCRA --

299-E25-32Pss Top of unconfined Semiannual Quarterly RCRA Surveillance

299-E25-3488 Top of unconfined Semiannual Quarterly RCRA

299-E25-35ss Top of unconfined Semiannual Quarterly RCRA Surveillance

299-E25-48"r Top of unconfined Semiannual Quarterly RCRA

299-E26-129' Top of unconfined Semiannual Quarterly RCRA --

299-E26-1391 Top of unconfined Semiannual Quarterly RCRA --

69943-43" Top of unconfined Semiannual Quarterly RCRA 216-B-3 pond

699-43-45s' Top of unconfined.. Semiannual Quarterly RCRA 216-B-3 pond

Contamination Indicator Parameters _ Site-Specific Parameters

pH Alkalinity ICP metals (filtered)(e'

Specific conductance Anions Turbidity

Total organic carbon

Total organic halides

(a) Analyzed annually.
Bold italic = Upgradient wells.

Superscript = Year of installation.

ICP = Inductively coupled plasma emission spectroscopy.
RCRA = Well constructed to RCRA standards.

^
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Appendix A

Table A.34. Critical Mean Values for 216-A-29 Ditch(0

Upgradient/
Average Standard Critical Downgradient

Constituent, unit n di t' Background Deviation Mean Comparison Value

Specific

conductance, µS/cm 8 7 5.9757 207.50 22.003 347.0 347.0

FieldpH 8 7 6.6987 8.364 0.238 [6.68, 10.05] [7.26, 9.391(b)

Total organic carbon,
µg/1. 8 7 5.9757 467.03 150.309 1,419.7 1,419.7

Total organic
halides,(°) pg/1- 8 7 5.9757 4.951 1.985 17.5 17.9

(a) Data collected from January 1998 to October 1998 for upgradient wells 699-43-43 and 699-43-45.
(b) Values calculatedusingdam collected from October 1997 to April 1999 (wells 699-43-43 and 699-43-45) because the

critical range calculated using only four quarters of data is too large to be meaningful.
(c) Upgradient/downgradient comparison value is the limit of quantitation discussed in Appendix B.
df = Degrees of freedom (n-1).
n = Number of background replicate averages.
t^ = Bonferroni critical t-value for appropriate df and 36 comparisons. . , .
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Groundwater Monitoring for FY 1999

Table A.35. Monitoring Wells and Constituents for 216-B-63 Trench (adapted from

WHC-SD-EN-AP-165 )

Hydrogeologic Unit Sampling Water-Level Well
Well Monitored Frequency Measurement Standard

299-E27-887 Top of unconfined Semiannual Quarterly RCRA

299-E27-987 Top of unconfined Semiannual Quarterly RCRA

299-E27-11s' Top of unconfined Semiannual Quarterly RCRA

299-E27-1690 Top of unconfined Semiannual Quarterly. RCRA

299-E27-1791 Top of unconfined Semiannual Quarterly RCRA

299-E27-1892 Top of unconfined Semiannual Quarterly RCRA

299-E27-1992 Top of unconfined Semiannual Quarterly RCRA

299-E33-3390 Top of unconfined Semiannual Quarterly RCRA

299-E33-3690 Top of unconfined Semiannual

299-E33-3790 Topofunconfined Semiannual

299-E34-89° Top of unconfined Semiannual

299-E34-1091 Top of unconfined Semiannual

Contamination Indicator Parameters

pH

Specific conductance

Total organic carbon

Total organic halides

(a) Analyzed annually.
Bolditalic = Upgradient wells.
Superscript = Year of installation.
ICP = Inductively coupled plasma emission spectroscopy.
LLWMA = Low-level waste management area.
RCRA = Well constructed to RCRA standards.

WMA = Waste management area. ,

Quarterly RCRA

Quarterly RCRA

Quarterly RCRA

Quarterly RCRA

Other Networks

LLWMA 2

LLWMA 2

LLWMA 2

LLWMA 2,. Surveillance

WMA B-BX-BY,

Surveillance

WMA B-BX-BY

Surveillance

Surveillance

LLWMA 2, Surveillance

Site-Specific Parameters

AIlcalinity(') ICP metals ( filtered)(0

Anions(') Phenols(')

Gross alpha Turbidity

Gross beta

i^^*
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Appendix A

Table A.36. Critical Mean Values for 216-B-63 Trench(')

Average Standard Critical
df t,. Background Deviation Mean

17 4371 360.889 23.830 467.9

19 4.572 8.029 0.179 [7.19, 8.87]

19 4.267 474.375 200.588 1,351.5

Upgradient/
Downgradient

Comuarison Value

467.9

[7.19, 8.871

1,351.5

ha1ides,(") pg/L 20 19 4.267 3.520 1.549 10.3 17.9

Constituent, unit n

Specific

conductance, µS/cm 18(b)

Field pH 20

Total organic carbon,
µg/L 20

Total organic

(a) Based on semiannual sampling events from November 1997 to April 1999 for upgradient wells 299-E27-8, 299-E27-9,
299-E27-11,299-E27-17,and 299-E34-10.

(b) Excluded outliers.
(c) Upgradient/downgradient comparison value is the limit of quanritation discussed in Appendix B.
df = Degrees of freedom (n-1).
n = Number of background replicate averages.
t^ = Bonferroni critical t-value for appropriate df and 48 comparisons.

Table A.37. Monitoring Wells and Constituents for Liquid Effluent Retention Facility

(adapted from WHC-SD-EN-AP-024)

Hydrogeologic Unit Sampling Water-Level Well
Well Monitored Frequency Measurement Standard Other Networks

299-E26-987 Top of unconfined Semiannual(a) Quarterly4) RCRA Surveillance

299-E26-1090 Top of unconfined Semiannual Quarterly RCRA Surveillance
299-E26-110 Top of unconfined Semiannual Quarterly RCRA 216-B-3 pond,

Surveillance

299-E35-287 Top of unconfined Semiannual Quarterly RCRA Surveillance

Contamination Indicator Parameters Site-Specific Parameters

pH Alkalinity(b) _ ICP metals (filtered)(b)
Specific conductance Ammonium(b) Phenols(')

Total organic carbon Anionsroi Temperature

Total organic halides Gross alphaM Turbidity

Gross betat') Volatile organic compounds

(a) Well dry in June 1999.
(b) Analyzed annually.
Bold italic = Upgradient well.
Superscript = Year of installation.
ICP = Inductively coupled plasma emission spectroscopy.
RCRA = Well constructed to RCRA standards.
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Groundwater Monitoring for FY 7999

^

Table A.38. Critical Mean Values for Liquid Effluent Retention Facility(O

Upgradient/
Average Standard Critical Downgradient

Constituent, unit ndi t^ Background Deviation Mean Comparison Value

Specific
conductance, N.S/cm 6 5 6.1384 382.833 9.617 446.6 446.6

Field pH 6 5 7.1464 8.131 0.092 [7.42, 8.85] [7.42, 8.851

Total organic carbon,C'3
µg/L 5 4 7.5287 362.00 191.788 1,943.7 1,943.7

Total organic
halides,(b) µg/L 4 3 10.8688 3.15 1.912 26.4 26.4

(a) Based on semiannual sampling events from July 1997 to June 1999 for upgradient we11299-E26-11.
(b) Critical means calculated from values reported below vendor's specified method detection limit.
df = Degrees of freedom (n-1).

n = Number of background replicate averages.
t, = Bonferroni critical t-value for appropriate df and 12 comparisons.

^../
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Table A.39. Monitoring Wells and Constituents for Low-Level Waste Management Area 1

(adapted from WHC-SD-EN-AP-015)

Hydrogeologic Unit Sampling Water-Level Well
Well Monitored Frequency Measurement Standard Other Networks

299-E28-2687 Top of unconfined Semiannual Semiannual RCRA Surveillance
299-E28-2787 Top of unconfined Semiannual Semiannual RCRA WMA B, Surveillance
299-E28-2890 Top of unconfined Semiannual Semiannual RCRA Surveillance
299-E32-28? Top of unconfined Semiannual. Semiannual RCRA
299-E32-381 Top of unconfined Semiannual Semiannual RCRA --
299-E32-48' Top of unconfined Semiannual Semiannual RCRA 216-B-3 pond
299-E32-509 Top of unconfined Semiannual Semiannual RCRA Surveillance
299-E32-691 Topofunconfined Semiannual Semiannual RCRA Surveillance
299-F32-791 Top of unconfined Semiannual Semiannual RCRA Surveillance
299-F32-89' Top of unconfined Semiannual Semiannual RCRA .--
299-E32-991 Top of unconfined Semiannual Semiannual RCRA Surveillance
299-E32-1092 Top of unconfined Semiannual Semiannual RCRA Surveillance
299-E33-288P Top of unconfined Semiannual Semiannual RCRA WMA B
299-E33-298' Top of unconfined Semiannual Semiannual RCRA WMA B
299-E33-30" Top of unconfined Semiannual Semiannual RCRA --
299-E33-3490 Top of unconfined Semiannual Semiannual RCRA WMA B
299-E33-3590 Top of unconfined Semiannual Semiannual RCRA WMA B, Surveillance

Contamination Indicator Parameters Site-Specific Parameters

pH Alkalinity Lead (filtered)
Specific conductance Anions Mercury (filtered)
Total organic carbon Gross alpha Phenols
Total organic halides Gross beta Tritium

ICP metals (filtered) Turbidity

Bold italic = Upgradient wells.
SupersQipt = Year of installation.
ICP = Inductively coupled plasma emission spectroscopy.
RCRA = Well constructed to RCRA standards:
WMA = Waste management area.
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Groundwater Monitoring for FY 1999" ^ ^ .

Table A.40. Critical Mean Values for Low-Level Waste Management Area lW

Upgradient/

. . , Average Standard Critical Downgradient
Constituent, unit n df t, Background Deviation Mean Comparison Value

Specific . . . . . .

conductance, µS/cm 27(') 26 4.1774 390.259 53.332 617.1 617.1

Field pH 28 27 4.4138 7.968 0.216 [7.00, 8.941 [7.00, 8.941

Total organic carbon,(°) . .. .
µg/L 28 27 4.1542 465.625 263.589 1,580 1,580

Total organic
halides,(d) µg/L 27(') 26 4.1774 3.132 1.891 11.2 17.9

(a) Based on semiannual sampling events from December 1997 to June 1999 for upgradient wells 299-E28 -26, 299-E28-27,

299-E28-28,299-E32-4,299-E33-28,299-E33-29,and 299-E33-35.
(b) Excluding outlier or data exceeding the holding time requirement.
(c) Critical mean calculated from values reported below vendor's specified method detection limit.

(d) Upgradient/downgradient comparison value is the limit of quantitation discussed in Appendix B.

df = Degrees of freedom (n-1).
n = Number of background replicate averages.

t,= Bonferroni critical t-value for appropriate df and 68 comparisons.
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Table A.41. Monitoring Wells and Constituents for Low-Level Waste Management Area 2

(adapted from WHC-SD-EN-AP-015)

Hydrogeologic Unit Sampling Water-Level Well
Well Monitored Frequency Measurement Standard

299-E27-887 Top of unconfined Semiannual Semiannual RCRA

299-E27-9s' Top of unconfined Semiannual Semiannual RCRA

299-E27-1090 Topofunconfined Semiannual Semiannual RCRA

299-E27-1109 Top of unconfined Semiannual Semiannual RCRA

299-E27-1791 Top of unconfined Semiannual Semiannual RCRA

299-E34-287 Top of unconfined Semiannual Semiannual RCRA

299-E34-38' Top of unconfined Semiannual Semiannual RCRA
299-E34-48' Top of unconfined Dry Dry RCRA
299-E34-58' Top of unconfined Semiannual Semiannual RCRA
299-E34-68' Top of unconfined Dry Dry RCRA
299-E34-789 Top of unconfined Semiannual Semiannual RCRA

299-E34-991 Top of unconfined Semiannual Semiannual RCRA

299-E34-1091 Top of unconfined Semiannual Semiannual RCRA

299-E34-1192 Top of unconfined Semiannual

299-E34-1292 Top of unconfined Semiannual

299-E35-18' Top of unconfined Dry

Contamination Indicator Parameters

PH

Specific conductance

Total organic carbon

Total organic halides

Bold italic = Upgradient wells.
Superscript = Year of installation.
ICP = Inductively coupled plasma emission spectroscopy.
RCRA = Well constructed to RCRA standards.

Semiannual RCRA

Semiannual RCRA

Dry RCRA

Other Networks

216-B-63 trench

216-B-63 trench

216-B-63 trench

216-B-63 trench,

Surveillance

Surveillance

Surveillance

Surveillance

Surveillance

216-B-63 trench,

Surveillance

Site-Specific Parameters

Alkalinity Mercury (filtered)

Anions Phenols

Gross alpha Polychlorinated biphenyls

Gross beta Tritium

ICP metals (filtered) Turbidity . . .

Lead (filtered)
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Table A.42: Critical Mean Values for Low-Level Waste Management Area 2(a)

Upgradient/
Average Standard Critical Downgradient

Constituent, unit n df t' Background Deviation Mean Comparison Value

Specific
conductance, µS/cm 7 6 7.0210 448.321 46.78 799.4 799.4

Field pH 12 11 5.4261 8.0246 0.126 [7.31, 8.741 17.31, 8.74]

Totalbrganic carbon, . . .
119/L 12 11 4.9785 554.375 253.489 1,867.9 1,867.9

Total organic . . ' .
halides;1 1,0 gg/L 12 11 4.9785 3.013 1.148 9.0 17.9

(a) Data collected from January 1998 to Apri11999 for upgradient wells 299-E27-10, 299-E34-3, and 299-E34-7, except for
specific conductance that included data collected in the same period for upgradient wells 299-E27-10 and 299-E34-3.

(b) Critical mean calculated from values below vendor's specified method detection limit.
(c) Upgradient/downgradient comparison value is the limit of quantitation discussed in Appendix B.

df = Degrees of freedom (n-1).
n= Number of background replicate averages.

t, = Bonferroni critical t-value for appropriate df and 48 comparisons.

Table A.43. Monitoring Wells, Constituents, and Enforcement Limits for 200 Areas Treated

Effluent Disposal Facility (adapted from WHC-SD-EN-WP-012, Rev. 1)

Sampling Well

Well Hydrogeologic Unit Frequency Standard Other Networks

699-40-3692 Ringold confined Quarterly RCRA --

699-41-35'c Ringold confined Quarterly RCRA --

69942-3792 Ringold confined Quarterly RCRA --

Constituent(') Enforcement Limit (µg/L )

Cadmium 5

Cyanide 50

Lead 10

Total trihalomethanes 66

Trichloroethane 5

pH 6.5 - 8.5 pH units

(a) Also monitored for ICP metals, anions, trace metals, volatile and semivolatile organic compounds,

total petroleum hydrocarbons, ammonia, alkalinity, specific conductance, total dissolved solids,

turbidity, total organic carbon, oil and grease, gross alpha, gross beta, radium-226, and

radium-226/228. No enforcement limits for those constituents.

Bold italic = Upgradient well.
Superscript = Year of installation.

ICP = Inductively coupled plasma emission spectroscopy.

RCRA = Well constructed to RCRA standards.

^. .
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Table A.44. Monitoring Wells, Constituents, and Enforcement Limits for 400 Area

Process Ponds (specified in state waste discharge permit)

Hydrogeologic Unit Sampling Water-Level Well
Well Monitored Frequency Measurement Standard Other Networks

699-2-6A9PUnconfinedaquifer Quarterly Annual RCRA

699-2-771 Unconfined aquifer Quarterly Annual PRE

699-8-1750 Unconfined aquifer Quarterly Semiannual PRE

Constituent EnfoicementLimit (gg/L)(,b )

Cadmium (unfiltered) 10

Chromium (unfiltered) 50

Lead (unfiltered) 50

Manganese (unfiltered) 50

Mercury (unfiltered) 2

pH Monitor only

Specific conductance Monitor only

Sulfate Monitor only

Temperature Monitor only

Total organic carbon Monitor only

Turbidity Monitor only

(a) Defined as the average of four quarterly measurements from a well. Average to be calculated using the four most recent
quarterly measurements from a well.

(b) Enforcement limit in groundwater shall be met in point-of-compliance we11699-2-7.
Bold italic = Upgradient well.
Superscript = Year of installation.
ICP = Inductively coupled plasma emission spectroscopy.
PRE = Well not constructed to RCRA standards.
RCRA = Well constructed to RCRA standards.
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Table A.45. Monitoring Wells and Constituents for Nonradioactive Dangerous Waste Landfill

(adapted from WHC-SD-EN-AP-026)

Hydrogeologic Unit Sampling
Well Monitored Frequency

699-25-33A17 Top of LPUW Semiannual

699-25-34A06 Top of unconfined Semiannual

699-25-34Bm Top ofunconfined Semiannual

699-25-34D- Top of unconfined Semiannual

699-26-3316 Top of unconfined Semiannual

699-26-34A92 Top of unconfined Semiannual

699-26-34B92 Top of unconfined Semiannual

699-26-35As6 Top of unconfined Quarterly

699-26-35C"' Top of LPU') Semiannual

Contamination Indicator Parameters

pH

Specific conductance

Total organic carbon

Total organic halides

Water-Level Well
Measurement Standard Other Networks

Semiannual RCRA --

Semiannual RCRA

Semiannual RCRA --

Semiannual RCRA

Semiannual RCRA Surveillance, DOH

Semiannual RCRA --

Semiannual RCRA

Quar[erly RCRA SWL

Semiannual RCRA --

Site-Specific Parameters

Alkalinity Tritium

ICP metals (filtered) Turbidity

Phenols Volatile chlorinated hydrocarbons

(a) Low-permeability unit in upper Ringold Formation.
Bold italic = Upgradient wells.

Superscript = Year of installation.

DOH = Washington State Department of Health.
ICP = Inductively coupled plasma emission spectroscopy.
RCRA = Well constructed to RCRA standards.

SWL = Solid Waste Landfill.

Table A.46. Critical Mean Values for Nonradioactive Dangerous Waste Landfill('^

. . . Upgradient/
Average Standard Critical Downgmdient

Constituent, unit n df [ ' Background Deviation Mean Comparison Value

Specific
conductance, µS/cm 11 10 4.8092 452.89 29.427 600.7 600.7

Field pH 11 10 5.2814 7.450 0.164 [6.55, 8.351 [6.55, 8.351

Total organic carbon,^b)

µ9/L 11 10 4.8092 308.682 242.278 1,597.7 1,597.7

Total organic
halides,(',°) µg/L 11 10 4.8092 4.278 2.054 14.6 17.9

(a) Data collected based on semiannual sampling events from August 1997 to February 1999 for upgradient wells
699-26-34A and 699-26-35A.

(b) Critical means calculated from values reported below vendor's specified method detection limit.
(c) Upgradient/downgradient comparison value is the limit of quantitation discussed in Appendix B.

df = Degrees of freedom (n-1).
n = Number of background replicate averages.
t^ = Bonferroni critical t-value for appropriate df and 28 comparisons.
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Table A.47. Monitoring Wells and Constituents for Solid Waste Landfill (adapted from

WHC-SD-EN-AP-043)

Hydrogeologic Unit Sampling Water-Level Well
Well Monitored Frequency Measurement Standard Other Networks

699-22-3593 Topbfunconfined Quarterly Quarterly RCRA Surveillance

699-23-34A8' Top of unconfined Quarterly Quarterly RCRA --

699-23-34B93 Top of unconfined Quarterly Quarterly RCRA

699-24-3341 Top of unconfined Quarterly(O Quarterly PRE --

699-24-34A" Top of unconfined Quarterly Quarterly RCRA --

699-24-34B8P Top of unconfined Quarterly Quarterly RCRA --

699-24-34Cs' Top of unconfined Quarterly Quarterly RCRA Surveillance

699-24-3587 Top of unconfined Quarterly Quarterly RCRA --

699-25-34C87 Top of unconfined Quarterly Quarterly --RCRA

699-26-35A86 Top of unconfined Quarterly Quarterly RCRA NRDWL

Parameters/Constituents Required by WAC 173 -304-490 Site-Specific Parameters

Ammonia as nitrogen Nitrate Gross alpha 1,1,1-Trichloroethane

Chemical oxygen demand Nitrite Gross beta Trichloroethylene

Chloride pH Total organic halides Tritium

Specific conductance Sulfate

Dissolved iron Temperature

Dissolved zinc Total coliform

Manganese Total organic carbon

(a) Well sampled for supporting data.
Bold italic = Upgradient wells.
Superscript = Year of installation.
NRDWL = Nonradioactive Dangerous Waste Landfill.
PRE = Well not constructed to RCRA standards.
RCRA = Well constructed to RCRA standards. . .

.^
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^

Table A.48. Sampling Results for Required Constituents(a) at Solid Waste Landfill

Tolerance Well Well well Well
Constituent, unit Interval(b) Date 699-22-35 699-23-34A 699-23-34B 699-24-34A

Temperature, °C 21.0 December 1998 18.1 17.9 17.4 17.3
February 1999 17.3 18.0 17.6 . '.18.1
May 1999 18.5 19.0 18.2 19.0

August 1999 18.4 18.8 19.3 --

Specific conductance, 550 December 1998 801(ta) 613(ua) 714(`'a) 581(,5)
pS/cm February 1999 809(°a) 663(°•a) 747(c,d) 630(°,d)

May 1999 826(sa) 675(") 766(c,d) 641(°a)
August 1999 822(c) 686(°) 772(°)

Field pH (6.2, 8.46] December 1998 6.8 6.7 6.8 6.8
February 1999 7.1 6.7 6.9 6.6
May 1999 6.8 6.6 6.7 6.6

August 1999 7.0 6.7 6.8 --

Total organic carbon, 1,154 December 1998 330 390 588 368
gg/I. February 1999 250 965 901 565

May 1999 <220 480 580 355
Aug,Lst 1999 455 315 342 498

Chloride, pg/L 9.045 December 1998 5,190 5,680 6,360 5,840
February 1999 5,790 5,270 5,645 5,540
May 1999 5,430 5,280 5,560 5,420

August 1999 5,620 5,540 5,570 5,700

Nitrate, µg/I. 33,800 December 1998 14,900 12,400 13,900 12,100
February 1999 15,600 11,700 15,100 12,700 L--^ f
May 1999 13,700 10,500 13,500 11,600

August 1999 15,500 11,700 15,200 12,300

Nitrite, µg/L 109 December 1998 <70 <70 <70 <70
February 1999 <70 <70 <70 <70
May 1999 <70 <70 <70 <70

August 1999 <70 <70 <70 <70

Ammonium, µg/L 165 December 1998 <37 <37 <37 <37
February 1999 <37 <37 <37 <37
May1999 <37 <37 <37 <37

Augusx1999 <37 <37 <37 <37

Sulfate, pg/L 51,500 December 1998 49,300 45,600 56,400(°) 44,500
February 1999 56,400(°) 43,900 54,650(°) 42,500
May 1999 54,200(°) 43,600 53,200(°) 40,900

August 1999 56,100(°) 46,400 55,000(°) 44,600

Iron, filtered, µg/L 137 December 1998 89.4 44.9 71.1 90.5
February 1999 513 38.9 46.5 47.1
May 1999 84.3 65.5 78.0 91.1

August 1999 51.1 70.4 58.8 117.0

Zinc, filtered, pg/L 34 December 1998 13.9 6.7 8.8 6.1
February 1999 3.9 6.6 5.0 3.7
May 1999 7.4 9.3 7.4 12.2

August 1999 6.6 10.4 4.9 25.8

Manganese, filtered, 11 December 1998 9.2 4.8 6.1 4.5
µgL February 1999 3.9 4.2 3.4 2.9

May 1999 5.7 5.2 6.3 5.6
August 1999 4.8 5.1 5.1 5.0
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Table A.48. (contd)

Tolerance Well Well Well Well
Constituent, unit Interval(b) Date 699-22-35 699-23-34A 699-23-34B 699-24-34A

Chemical oxygen 5,000 December 1998 <3,820 <3,820 <3,820 <3,820
demand, µg/L February 1999 <3,820 <3,820 <3,820 <3,820

May 1999 33,000(40) <3,820 25,000(°•') 26,000(u)
August 1999 <3,820 <3,820 <3,820 <3,820

Colifonn bacteria, 16 December 1998 0 0 0 0
most probable February 1999 0 0 0 0
number May 1999 0 0 0 0

August 1999 0 0 0 0

Well Well Well Well Well
699-24-34B 699-24-34C 699-24-35 699-25-340 699-26-35A

Temperature, °C 21.0 December 1998 18.3 18.1 16.9 18.8 19.8
February 1999 17.8 18.7 17.1 18.5 19.4
May 1999 19.0 19.2 17.8 19.9 19.6

August 1999 19.5 19.3 18.9 19.6 20.1

Specific conductance, 550 December 1998 612(4') 638(c•6) 510(ld) 576(°,d) 454(')
µS/cm February 1999 632(^) 672(°•a) 538(sd) 593(ld) 471(d)

May 1999 645(-') 684(`a) 553(s') 601("') 484(")
August 1999 663(°) 708(") 565(Sd) 616(c) 507

Field pH [6.2,8.46] December 1998 6.7 7.1 6.9 7.2 7.3
February 1999 6.7 7.0 7.1 7.4 7.5
May 1999 6.7 6.9 7.0 7.2 7.4

August 1999 6.7 7.1 6.9 73 7.3

Total organic carbon, 1,154 December 1998 458 292 525 203 532
µg/L February 1999 290 600 328 155 . . .. 538

May 1999 360 400 390 330 430
August 1999 488 465 342 505 348

Chloride, Ng/L 9.045 December 1998 5,910 7,090 5,520 7,230 7,040
February 1999 5,650 6,890 5,640 7,430 7,120
May 1999 5,360 6,310 5,220 7,000 7,100

August 1999 5,540 6,620 5,840 6,520 7,500

Nitrate, µg/L 33,800 December 1998 12,800 19,300 11,200 21,800 21,600
February 1999 12,700 18,500 12,000 20,800 22,700
May 1999 11,600 16,200 10,900 19,500 19,700

August 1999 12,200 16,700 11,300 18,100 21,000

Nitrite, pg/L 109 December 1998 <70 <70 <70 <70 <70
February 1999 <70 <70 <70 <70 <70
May1999 <70 <70 <70 <70 <70

August 1999 <70 <70 <70 <70 <70

Ammonium, µg/L 165 December 1998 <37 <37 <37 <37 <37
February 1999 <37 <37 <37 <37 <37
May 1999 <37 <37 <37 <37 <37

August 1999 <37 <37 <37 <37 <37

Sulfate, pg/L 51,500 December 1998 44,300 45,100 45,700 43,550 41,800
February 1999 43,100 42,000 45,000 41,500 39,400
May 1999 41,000 40,000 42,400 39,300 36,800

August 1999 44,000 42,700 44,100 39,200 40,100
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Table A.48. (contd)

Tolerance Well Well
Constituent, unit Interval(b) Date 699-24-34B 699-24-34C

Iron, filtered, Ng/L 137 December 1998 56.4 76.4
February 1999 33.0 53.1
May`1999 77.9 103

August 1999 70.3 70.6

Zinc, filtered, µg/L 34 December 1998 6.7 36.2(")
February 1999 4.4 10.5
May 1999 9.9 8.7

August 1999 14.6 13.5

Manganese, filtered, 11 December 1998 4.7 5.1
µg/L February 1999 2.1 4.9

May 1999 5.3 5.7
August 1999 4.4 4.5

Chemical oxygen 5,000 Decemberi998 <3,820 <3,820
demand, µg/L February 1999 <3,820 <3,820

May1999 25,000(°°) 24,000(°,')
August 1999 <3,820 <3,820

Coliform bacteria, 16 December 1998 0 0
most probable February 1999 0 0
number May 1999 0 0

August 1999 0 0

Well Well Well
699-24-35 699-25-34C 699-26-35A

56.8 49.9 38.4
36.0 31.2 34.7
57.8 54.1 55.2
44.7 39.6 37.9

12.4 10.1 8.6
4.8 7.9 5.1
6.2 11.2 9.5
11.2 6.6 6.6

4.4 4.4 4.5
1.8 2.3 3.4
4.8 5.0 4.1
4.0 <3 4.5

<3,820 <3,820 <3,820
<3,820 <3,820 <3,820

41,000(s°) 50,000(c•°) 38,000(-)
<3,820 <3,820 <3,820

0 0 0
0 0 0
0 0 0
0 0 0

(a) WAC 173-304.
(b) Numbers obtained from Table A.49, background threshold valuecolumn.(c)

Exceeding background threshold values.
( d) Field measurements were suspect; values reported were laboratory analysis results.
(e) Suspect data.
< = Data values less than the method detection limit; number given is the respective limit.

^J
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Table A.49. Results of Lilliefors Test for Normality and Background Threshold Values for Solid Waste Landfill

Test Statistic, Test Statistic, Upper Background
Constituent, unit Raw Data Log Value Tolerance Limit Threshold Value(a)

Temperature, °C 0.115 ns NA 21.0(b) 21.0

Specific conductance, µS/cm 0.162 s 0.207 s 550(`) 550

Field pH 0.140 ns NA [5.7, 8.75](b) {6.2, 8.46]
Field pH(d) 0.089 ns NA [6.2, 8.46](b)

Total organic carbon, Ng/L 0.191 s 0.181 s 750(°) 1,568
1,568(e)

Chloride, µg/L 0.104 ns NA 9,045(^) 9,045

Nitrate, gg/I. 0.168 s 0.195 s 33,800(°) 33,800

Nitrite, pg/L . . , NC NC 109W 109

Ammonium, Ng/L NC NC 100(0 165
165(e)

Sulfate, µg/L 0.179s 0.190 s 51,500(c) 51,500

Iron, filtered, pg/L NC NC 78(c) 137
137^

Zinc, filtered, pg/L NC NC 34(`) 34
19t.i

Manganese, filtered; pg/L NC NC 11(°) 11
2.3(')

Coliform, most probable NC NC 16(°) 16
number 3.7()

Chemical oxygen demand, NC NC 5,000(e) 5,000
R/L

(a) Background threshold value for each constituent is the larger of the upper tolerance limit or the applicable limit of
quantitation.

(b) Based on normal distribution.
(c) Maximum value reported.
(d) Outliers removed.
(e) Based on limit of quantitation discussed in Appendix B.
(f) Based on method detection limit. . . . .
(g) Based on laboratory practical quantitation limit.
NA = Not applicable.
NC = Not calculated; insufficient measured values,
ns = Not significant at 0.05 level of significance.
s = Significant at 0.05 level of significance.
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Hydrogeologic Unit Sampling Water-Level Well
Well Monitored Frequency(') Measurement Standard Other Networks

399-1-10A86 Top of unconfined Semiannual Semiannual RCRA Surveillance

399-1-1OB91 Bottom of unconfined Semiannual Semiannual RCRA Surveillance
399-1-16A% Top of unconfined Semiannual Semiannual RCRA .. . Surveillance
399-1-16B8' Bottom of unconfined Semiannual Semiannual RCRA Surveillance
399-1-17A86 Top of unconfined Semiannual Semiannual RCRA Surveillance, DOH

399-1-17Bs6 Bottom of unconfined Semiannual Semiannual RCRA Surveillance

399-1-18Ass Top of unconfined Semiannual Semiannual RCRA Surveillance

399-1-18B8' Bottom of unconfined Semiannual Semiannual RCRA Surveillance

Field-Measured Parameters

pH

Specific conductance

Total organic carbon

Totalorganichalides.

Constituent of Concern

(a) Sampled and measured monthly for 4 months for each semiannual sampling period.
Bold italic = Upgradient wells.
Superscript = Year of installation. . . .. ^'`^
DOH = Washington State Department of Health. . . ^ ;
RCRA = Well constructed to RCRA standards.

Table A.5 1. Summary of Groundwater Sampling Results for 316-5 Process Trenches

Sampling Tune

December 1998, January,
February, March, June,
July, August, September
1999

(a) Excluded outliers.

Trichloroethylene

cis-1,2-Dichloroethylene

Uranium

Site-Specific Parameters

cis-Dichloroethylene Trichloroethylene

Tetrachloroethylene Uranium

Thallium

Concentration Well Exceeding Concentration
Level ( µg/L) Limit ( Range, pg/L)

5 399-1-16B(a) (4- 6)

70 399-1-16B ( 120 - 180)

20 399-1-10AW (23.6 - 61.1)
399-1-16A (52.3- 111)
399-1-17A(88.8- 166)

^
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Figure A. 1. Regulated Units on the Hanford Site Requiring Groundwater Monitoring
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Appendix A

200-West Area
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Figure A.7. Monitoring Well Locations for 216-S-10 Pond and Ditch
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Groundwater Monitoring for FY 1999
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Appendix A
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Groundwater Monitoring for FY 1999
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Figure A.19. Monitoring Well Locations for Liquid Effluent Retention Facility
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Figure A.23. Monitoring Well Locations for 316-5 Process Trenches
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Appendix B

Quality Assurance and Quality Control

This appendix presents fiscal year 1999 quality

assurance/quality control (QA/QC) information for

long-term and interim action groundwater monitoring

at the Hanford Site. The phrase "long-term monitor-

ing" refers to monitoring performed to meet the require-

ments of the Resource Conservation and Recovery Act of

1976 (RCRA) and the Atomic Energy Act of 1954.

Long-term monitoring also includes monitoring per-

formed at Comprehensive Environmental Response, Com-

pensation, and Liability Act of 1980 (CERCLA) sites

with no groundwater remediation. Pacific Northwest

National Laboratory (PNNL) manages long-term moni-

toring via the Hanford Groundwater Monitoring Project

(groundwater project). Interim action monitoring

encompasses monitoring at sites with active ground-

water remediation under CERCLA. Bechtel Hanford,

Inc. manages interim action groundwater monitoring.

The QA/QC practices used by the groundwater

project assess and enhance the reliability and validity

of field and laboratory measurements conducted to

support these programs. Accuracy, precision, and

detection are the primary parameters used to assess

data quality (Mitchell et al. 1985). Representativeness,

completeness, and comparability may also be evaluated

for overall quality. These parameters are evaluated

through laboratory QC checks (e.g., matrix spikes,

laboratory blanks), replicate sampling and analysis,

analysis of blind standards and blanks, and interlabo-

ratory comparisons. Acceptance criteria have been

established for each of these parameters. When a

parameter is outside the criteria, corrective actions are

taken to prevent a future occurrence.

The QA/QC practices for RCRA samples are

based on guidance from the U.S. Environmental Pro-

tection Agency (EPA) (OSWER-9950.1; SW-846).

U.S. Department of Energy (DOE) orders and internal

requirements provide the guidance for the collection

and analysis of samples for long-term monitoring.

The QA/QC practices for the groundwater project are

described in the project-specific QA plan. Guidance

for interim action monitoring QA/QC practices is

provided in project-specific documents (e.g., DOE/

RL-88-36; DOE/RL-90-08; DOE/RL-90-21; DOE/RL-

91-46; DOE/RL-91-53; Section 1.5 in DOE/RL-92-03;

DOE/RL-96-07; DOE/RL-96-90, Draft A).

A glossary of QA/QC terms is provided in

PNNL-13080.

B. 1 Sample Collection and Analysis

C. J. Thompson

B.1.1 Sample Collection

Waste Management Federal Services, Inc., North-

west Operations conducted groundwater sampling for

fiscal year 1999. Their tasks included bottle prepara-

tion, sample set coordination, field measurements,

sample collection, sample shipping, well pumping, and

coordination of purgewater containment and disposal.

Waste Management's statement of work defines qual-

ity requirements for sampling activities. Groundwater

project staff review all sampling procedures before

the procedures are implemented.

B.1.2 Sample Analysis

QuanterraIncorporated, St. Louis, Missouri

(Quanterra, St. Louis) performed most routine analy-

ses of hazardous and non-hazardous chemicals for the

groundwater project. Recra Environmental, Inc.,

im B.1 t



Groundwater Monitoring for FY7999

Lionville, Pennsylvania (Recm) served as the project's

secondary laboratory for chemical analyses of split sam-

ples and blind standards. In contrast, Recm performed

the majority of chemical analyses for interim action

groundwater monitoring. Quanterra, St. Louis also

analyzed samples from sites with active groundwater

remediation.

Quanterra Incorporated, Richland, Washington

(Quanterra, Richland) served as the primary radiolog-

ical laboratory for the groundwater project. Thermo

NUtech, Richmond, California also performed radio-

logical analyses on long-term monitoring samples. The

roles of these laboratories were reversed for interim

action groundwater monitoring (i.e., Thermo NUtech

served as the primary laboratory, while Quanterra,

Richland was used as a backup laboratory).

B.2 Field Quality Control Samples

times the method detection limit are identified

as suspected contamination. However, for com-

mon laboratory contaminants such as acetone,

methylene chloride, 2-butanone, toluene, and

phthalate esters, the limit is five times the method

detection limit. For radiological data, blank results

are flagged if they are greater than two times the

total propagated analytical uncertainty.

If a field blank does not meet the established cri-

teria, it is assumed that there are potential problems

with the data for all associated samples. For full-trip

and field-transfer blanks, an associated sample is one

that was collected on the same day and analyzed by

the same method as a full-trip or field-transfer blank.

For equipment blanks, an associated sample is one that

has all of the following in common with an equipment

blank:

• collection date

C. J. Thompson, R. W. Weiss

Field QC samples include field duplicates and three

types of field blanks. Field duplicates are used to

assess sampling and measurement precision, while field

blanks provide an overall measure of contamination

introduced during the sampling and analysis process.

B.2.1 Long-Term Monitoring (Hanford
Groundwater Monitoring Project)

The groundwater project considers analytical

results of field QC samples acceptable if the following

evaluation criteria are met:

field duplicates - Results of field duplicates must

have precision within 20%, as measured by the

relative percent difference. Only those field dup-

licates with at least one result greater than five

times the method detection limit or minimum

detectable activity are evaluated.

• field blanks - Three kinds of blanks are used to

check for contamination that may result from

field activities and/or bottle preparation: full

trip, field transfer, and equipment blanks. For

most chemical constituents, results above two

• collection method/sampling equipment

• analysis method.

Data associated with out-of-limit field blanks are

flagged with a Q in the database to indicate a poten-

tial contamination problem. A Q is also applied to

both duplicate results when their precision exceeds

the QC limits.

The percentages of acceptable field blank (92%)

and duplicate ( 98%) results evaluated in fiscal year

1999 were very high, indicating little problem with

contamination and good precision overall. Tables B. 1

through B.4 summarize the field blank and field dupli-

cate results that exceeded QC limits. To assist with

their evaluation, the tables are divided into the fol-

lowing categories, where applicable: general chemical

parameters, ammonia and anions, metals, volatile

organic compounds, semivolatile organic compounds,

and radiological parameters. Constituents not listed

in the tables had 100% acceptable field blanks and/or

field duplicates.

With the exception of semivolatile organic com-

pounds, all classes of constituents had results that were
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flagged as potentially contaminated because of out-of-

limit field blank results. Generally, the out-of-limit

blank results were less than five times the method

detection limit (i.e., below quantifiable limits). How-

ever, the majority of the flagged blank results for vola-

tlle organics were more than five times greater than

the method detection limits, resulting in quantifiable

contamination of 2-butanone, carbon disulfide, car-

bon tetrachloride, chloroform, methylene chloride,

and tetrahydrofuran. In general, these compounds

had low frequencies of detection ( i.e., less than 10%)

in field blanks, and the impact on the data is minor.

Chloroform and methylene chloride had relatively

high percentages of unacceptable field-transfer blanks

results (25% and 41%, respectively). Chloroform may

have been present in the water used to prepare the

field blanks because of incomplete removal by the

water-purification system. Methylene chloride is a com-

mon laboratory contaminant that was also detected at

similar concentrations in several laboratory method

blanks. Thus, laboratory contamination is the suspected

source of the methylene chloride.

Near the end of fiscal year 1998 and early in fiscal

year 1999, PNNL staff observed that the field blank

results for total organic carbon were slightly higher

than had been observed previously. Twenty-seven

percent of the fiscal year 1999 field blank results for

total organic carbon were out of limits, though none

of the results exceeded the method detection limit by

more than a factor of four. Based on this finding, it

was postulated that the elevated results were caused by

degraded performance of the water-purification system

used to prepare reagent water for the field blanks. To

test this hypothesis, seven replicate samples of certi-

fied, organic-free water, along with seven samples of

water from the sampler's water-purification system,

were collected throughout the second quarter of fiscal

year 1999 and submitted in blind fashion to Quanterra,

St. Louis. The samplers also collected additional sam-

ples by filling sample bottles with the certified water

at the site where full-trip blanks are normally prepared.

The purpose of these latter samples was to determine

whether field blanks were being contaminated as a

result of conditions at the preparation site. The results

from this study were somewhat inconclusive, because

the total organic carbon values for each sample type

were highly variable and the laboratory changed total

organic carbon analyzers approximately midway through

the study. However, the data suggest that the water

from the water-purification system was not signifi-

cantly different from the certified, organic-free water.

Although the cause of the elevated readings has not

been discovered, total organic carbon concentrations

in field blanks from the latter half of the year were

-15% lower than values from the first half. More-

over, the number of field blanks with detectable total

organic carbon dropped from 65% in the first half of

the year to 37% in the second half.

Equipment-blank and full-trip blank results were

similar. Thirsuggests that the use of non-dedicated

sampling equipment at some wells did not have a sig-

nificant impact on data quality. However, equipment

blanks had higher percentages of out-of-limit results ,

than full-trip blanks for anions and most metals.

The chemical class with the greatest number of

out-of-limit field blank results was metals. Most of the

unacceptable results were within a factor of two of the

QC limits. Many of the out-of-limit values were prob-

ably false detections, resulting from the use of the instnr-

ment detection limit as a reporting limit for metals.

Instrument detection limits do not take into account

sample-matrix effects, which can have a negative

impact on analyte detection.

Duplicate results were flagged for oil and grease,

seven metals, six volatile organic compounds, and two

radiological parameters. Overall, the total number of

flagged duplicate results was very low, but the percent-

ages of unacceptable results were high for several metals

and volatile organic compounds based on the number

of duplicates that met the evaluation criteria. Most of

the out-of-limit duplicate results appear to be anoma-

lous instances of poor precision based on other QC

indicators such as the results from the blind standards

and laboratory duplicates (discussed in Sections B.4.2

and B.4.3). In several cases, the laboratory was asked

to reanalyze or investigate duplicate results with a very
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high relative percent difference, but the checks did

not reveal the source of the problem. Especially poor

agreement was observed between one or more pairs of

results for the following: 25,900 and 2,380 µg/L oil

and grease; non-detection and 11.7 Ng/L copper; 2,150

and 5,880 µg/L; 1,010 and 350 µg/L iron; and non-

detectionand 2 pg/L; 0.2 and 4 µg/L chloroform.

Mislabeled samples or procedural deviations at the

laboratory may have caused the unmatched results.

B.2.2 Interim Action Monitoring

Trained staff collected samples in accordance with

approved procedures. Field QC samples were collected

and evaluated according to site-specific requirements

(e.g., BHI-00038, Rev. 2; DOE/RL-90-08; DOE/RL-

91-03; DOE/RL91-46; DOE/RL-92-76; DOE/RL-96-07;

DOE/RL-96-90, Draft A; DOE/RL-97-36, Rev. 2). In

general, field QC samples consisted of field duplicates,

splits, equipment blanks, and trip blanks. Field QC

data are evaluated as necessary to make decisions that

may modify or terminate a remedial action. In fiscal

year 1999, no evaluations were necessary for decision-

making purposes.

Field QC data were examined to monitor labom-

tory operations and to identify potential problem areas

where improvements were necessary. Evaluation cri-

teria were essentially the same as those used for the

groundwater project, with the following exceptions:

• The 20% relative percent difference criterion for

field duplicate and split sample results was relaxed

for sample analytical results near (i.e., typically

within five times) the method detection limits.

• Bechtel Hanford, Inc. sent no blind standards as

part of interim action monitoring to the commer-

cial laboratories in fiscal year 1999. The great

similarity of matrices between the long-term and

interim action monitoring samples and common

use of the same laboratories make additional

analysis of blind standards redundant.

. For field blank samples, -84% of all results were

returned as non-detected. Greater than 80% of the

reported detected blank results were common metals

(e.g., calcium, iron, manganese, sodium) measured by

the inductively coupled plasma method (ICP) at

levels closeto analysis procedure detection limits. All

detected organic constituents (i.e., - 10% of all reported

detected results) were common laboratory contami-

nants seen at very low levels (1 to 4 pg/L). Minimal

radioactive contamination was reported, and the results

for all detected constituents except tritium were very

near analysis detection limits. Two of seven tritium

results were above detection limits (values of -600

and 6,000 pCi/L). Tritium is a known contaminant in

some water sources used for preparation of blanks.

However, the elevated result of 6,000 pCi/L was prob-

ably the result of a swapped sample. Evaluation of

other field blank sample results shows no evidence of

unexpected or excessive contamination ofblanks in

the field or by the laboratory. The constituents and

levels of contamination found should have no impact

on decision making for interim action monitoring.

No changes were noted from evaluation of the previ-

ous year's blank samples.

Field duplicate and split results showed -8.5%

exceeding the criteria used for evaluation. It should

be noted that the criteria used are likely more restric-

tive than necessary because they are based on similar

criteria for laboratory replicate evaluation (i.e., analy-

sis of multiple aliquots from the same sample container

by the same laboratory in the same analytical batch).

Over one-half of the high relative percent difference

results were from iron and vanadium analyses per-

formed by the commercial laboratories. Poor agree-

ment was noted for iron in both interlabomtory, and

intralaboratory comparisons. Most of the comparisons

are at low levels (less than 50 µg/L); and all of the

greater concentration samples were on unfiltered sam-

ples. Unfiltered samples would be expected to show

greater variability because of suspended solids. The

vanadium differences were all intralaboratory split

samples and were manifested in all but one sample.

All results reported were less tAan 30 µg/L, but in every

case, results reported by Quanterra, St. Louis were

greater than the split laboratory (Recra). Slightly

different analytical technology is being used by the
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commercial laboratories (i.e., traditional ICP spectros-

copy at Quanterra, St. Louis versus super trace [low

detection limits] ICP at Recra). If vanadium analysis

at low concentrations becomes of interest, the differ-

ences between analytical technology should be inves-

tigated. The other differences between the laboratories

appear to be essentially random (i.e., the high or low

laboratories often switch places for the same analysis

on different samples), with the following exception:

field volatile organic analysis consistently showed

slightly higher results than reported by the commer-

cial laboratories. Most of the results met the criteria,

and it would be expected that field analysis, typically

performed much closer to the time of sampling, show

less loss of volatile components.

Overall evaluation indicates no significant issues

between procedures and analyses performed by the

laboratories providing services to Bechtel Hanford, Inc.

The overall performance for fiscal year 1999 appeared

essentially unchanged from the previous year.

B.3 Holding Times

D. S. Sklarew

Holding time is the elapsed time period between

sample collection and analysis. Samples should be

analyzed within recommended holding times to mini-

mize the possibility of changes in constituent concen-

trations caused by volatilization, decomposition, or

other chemical changes. Samples are also refrigerated

to slow potential chemical reactions within the sample

matrix. Maximum recommended holding times for

constituents frequently analyzed for the groundwater

project are listed in Table B.5. Radiological constitu-

ents do not have recommended maximum holding

times because these constituents do not typically change

chemically under ambient temperatures when appro-

priate preservatives are used. Results of radionuclide,

analysis are corrected for decay from sampling date to

analysis date.

Of the 4,065 non-radiological samples analyzed

by Quanterra, St. Louis in fiscal year 1999 for the

groundwater project, holding times were exceeded for

137 samples (3%). The constituents with the most

missed holding times were 136 phenols, 118 anions,

37 alkalinity, 25 total dissolved solids, 16 total organic

halides; 12 coliform, and 11 total organic carbon. This

information was discussed with Quanterra, St. Louis

to help the laboratory identify areas where improve-

ments are needed. Recra did not exceed holding times

for any of the samples that they analyzed for the

groundwater proj ect:

Specific evaluation of adherence to analytical

holding times for interim action monitoring was not

performed for this repoit. Analytical holding times are

monitored as part of ongoing sample and data man-

agement activities throughout the year. No remedi-

ation decisions were affected by missed holding times

in fiscal year 1999.

B.4 Laboratory Performance

D. S. Sklarew, D. L. Stewart, C. J. Thompson

Laboratory performance is measured by several

indicators, including nationally based performance

evaluation studies, double-blind standard analyses,

laboratory audits, and internal laboratory QA/QC

programs. This section provides a detailed discussion

of the performance indicators for Quanterra, St. Louis

and Richland. Brief summaries of performance meas-

ures for Recra and Thermo NUtech are also presented

throughoutthissecrion.

B.4.1 Nationally Based Performance
Evaluation Studies

During fiscal year 1999, EPA, Environmental

Resources Associates, and DOE conducted nationally

based studies to evaluate laboratory performance for

chemical and radiological constituents. Quanterra,

St. Louis andRecra participated in the EPA's Water

Pollution and Water Supply Performance Evaluation

Studies, which ended in December 1998. Environ-

mental Resource Associates is currently conducting

similar, EPA sanctioned water pollution and water
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supply studies. Although fewer laboratories are par-

ticipating, both Quanterra, St. Louis and Recra are

among the participants. Quanterra, Richland and

Thermo NUtech take part in DOE's Quality Assess-

ment Program and EPA's National Exposure Research

Laboratory Performance Evaluation Studies. The latter

study ended in December 1998. Quanterra, Richland

participates in the Environmental Resource Associates'

InterLaB RadCheM Proficiency Testing Program,

which has replaced the National Exposure Research

Laboratory studies. All four laboratories take part in

DOE's Mixed Analyte Performance Evaluation Pro-

gram. Results of those studies related to groundwater

monitoring at the Hanford Site are described in this

section.

B.4.1.1 Water Pollution and Water Supply
Studies

The.purpose of water pollution and water supply

studies is to evaluate the performance of laboratories

in analyzing selected organic and inorganic compounds.

Every month, standard water samples are distributed

as blind standards to participating laboratories. These

samples contain specific organic and inorganic analytes

at concentmtions unknown to the participating labo-

ratories. After analysis, the laboratories submit results

to the study's sponsor (i.e., EPA or Environmental

Resources Associates). The sponsor uses regression

equations to determine acceptance and warning limits

for the study participants. The results of these studies,

expressed in this report as a percentage of the results

that EPA or Environmental Resources Associates

found acceptable, independently verify the level of

laboratory performance.

one water pollution study; the latter was caused by a

reporting error. The method required by the EPA for

orthophosphate (i.e., Method 365.1, EPA-600/4-79-

020, a colorimetric method) is not routinely used for

analysis of Hanford Site groundwater samples, which

are analyzed by an ion chromatography method.

Because the two methods are very different, the unac-

ceptable results should have no effect on the interpre-

tation of data for Hanford Site samples. Alkalinity and

Aroclor 1016 were unacceptable in two cases because

of reporting errors. Mercury and two volatile organics

were unacceptable because of analyst errors. Hardness

results were probably unacceptable in one case because

the sample was not freshly prepared for analysis and

slight evaporation may have caused the high bias.

The cause of the second unacceptable hardness result

is not known. No reason has been found for the unac-

ceptable kjeldahl nitrogen results; however, no kjeldahl

nitrogen determinations were performed on Hanford

Site groundwater samples during fiscal year 1999. The

other 22 constituents were within limits three out of

four times; thus, Quanterra, St. Louis has shown that

it. can achieve acceptable results for these constitu-

ents.

Recra participated in four water pollution and

water supply studies this year, WS030, WS035, WP040,

and WP048. The percentage of Recra's acceptable

results ranged from 90% to 95% (Table B.7). Of the

26 constituents with unacceptable results, 4 were out

of limits twice. Total organic carbon was unaccept-

able in one of the two cases because of a sample prepa-

ration error. Recra found no obvious causes.for the

two unacceptable results for dichlorodifluoromethane,

pentachlorophenol, and 1,1-dichloroethylene.

For the four studies in which Quanterra, St. Louis

participated this year (WS030, WS035, WP040,

WP050), the percentage of acceptable results ranged

from 84% to 94% (Table B.6). Of the 30 constituents

with unacceptable results, 7 were. out of limits twice

and 1 was out of limits 3 times. This discussion focuses

on the results for the eight constituents that were out

of limits more than once. Orthophosphate results

were unacceptable in.both water supplystudies and

B.4.1.2 DOE Quality Assessment and Mixed
Analyte Performance Evaluation Programs

DOE's Quality Assessment Program evaluates how

laboratories perform when they analyze radionuclides

in water, air filter, soil, and vegetation samples. This

discussion considers only water samples. The program

is coordinated by the Environmental Measurements

Laboratory (EML) in New York. EML provides blind
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standards that contain specific amounts of one or more

radionuclides to participating laboratories. Constitu-

ents analyzed can include americium-241, cesium-137,

cobalt-60, gross alpha, gross beta, iron-55, manganese-

54, nickel-63, plutonium-238, plutonium-239,

strontium-90, tritium, uranium-234, uranium-238, and

total uranium. After sample analysis, each participat-

ing laboratory forwards the results to EML for compari-

son with known values and with results from other

laboratories. EML evaluates the accuracy of the results

based on the historical analytical capabilities for the

individual analyte/matrix pairs. Using a cumulative

normalized distribution, acceptable performance yields

results between the 15th and 85th percentiles. Accept-

able with warning results are between the 5th and 15th

percentile and between the 85th and 95th percentile.

Not acceptable results include the outer 10% (less

than 5th percentile or more than 95th percentile) of

historical data (EML-600, EML-604).

For the two studies conducted this year, QAP49

and QAP50 (EML-600 and EML-604), the percent-

ages of Quanterm, Richland's acceptable results were

100% and 92%, respectively (Table B.8). Uranium-238

was the only constituent that had a result that was not

acceptable. However, one constituent ( 7%) in the

first study and five constituents (38%) in the second

study had results that were evaluated as acceptable

with warning (Table B.8).

The percentages of Thermo NUtech's results that

were acceptable for the two studies were 80% and

100%, respectively (Table B.9). Constituents with

unacceptable results in the first study were cesium-137,

cobalt-60, and manganese-54. Gross alpha results

were acceptable with warning in this study.

DOE's Mixed Analyte Performance Evaluation

Program examines laboratory performance in the

analysis of soil and water samples containing metals,

volatile and semivolatile organic compounds, and

radionuclides. This report considers only water samples.

The program is conducted at the Radiological and

Environmental Sciences Laboratory in Idaho Falls,

Idaho, and is similar in operation to DOE's Quality

Assessment Program discussed above. DOE evaluates

the accuracy of the Mixed Analyte Performance Eval-

uarion Program results for radiological and inorganic

samples by determining if they fall within a 30% bias

of the reference value.

All fiscal year 1999 results (MAPEP-98-W6) for

Quanterra, Richland and St. Louis were acceptable

(Table B.8). All results for Thermo NUtech were also

acceptable, but plutonium-239/240 was acceptable

with warning. Two results (8%) were not acceptable

for Recra: acenaphthylene and 2,6-dinitrotoluene (see

Table B.9).

B.4.1.3 National Exposure Research
Laboratory and InterLaB RadCheM Proficiency
Testing Program Studies

As of January 1, 1999, the InterLaB RadCheM

Proficiency Testing Program study, conducted by the

Environmental Resources Associates, replaced the

EPA's National Exposure Research Laboratory perfor-

mance evaluation studies, which were conducted at

theNational Exposure Research Laboratory, Las Vegas,

Nevada. Thus, fiscal year 1999 samples were evaluated

under either the EPA or the Environmental Resource

Associates program. The purpose of the studies was

and is to evaluate the performance of laboratories in

analyzing selected radionuclides. Both programs pro-

vide blind standards that contain specific amounts of

one or more radionuclides in a water matrix to partici-

pating laboratories.. National Exposure Research

Laboratory standards and Environmental Resources

Associates standards were prepared for the following

radionuclides/parameters: barium-133, cesium-134,

cesium-137, cobalt-60, gross alpha, gross beta, mdium-

226, radium-228, strontium-89, strontium-90, tritium,

uranium, and zinc-65. In addition, National Exposure

Research Laboratory standards were prepared for

iodine-131 and plutonium. After sample analysis, the

results were forwarded to EPA or Environmental

Resources Associates for comparison with known values

and with results from other laboratories. EPA evalu-

ated the accuracy of the results by determining if they

fell within ±3 standard deviations of the mean of all
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results reported in the intercomparison study (EPA-

600/4-81-004). Environmental Resources Associates

bases its control limits on the EPA's National Stan-

dards for Water Proficiency Testing Studies Criteria

Document (NERL-Ci-0045).

All National Exposure Research Laboratory

results submitted by Quanterra Richland this year (see

Table B.8) were acceptable (95%) with the exception

of cesium-134 in one study. However, cesium-134 was

below the control limit for 43% of the laboratories

reporting for this study. All Environmental Resources

Associates results from Quanterra, Richland except one

set of data for natural uranium, were within the control

limits (94%). Four constituents (24%) in the Environ-

mental Resources Associates study had results that were

evaluated as acceptable with warning (see Table B.8).

All National Exposure Research Laboratory results

from Thermo NUtech this year were acceptable see

Table B.9). Thermo NUtech does not participate in

the Environmental Resources Associates program.

B.4.2 Double-Blind Standard Evaluation

The groundwater project forwarded blind QC stan-

dards to Quanterra, Richland and St. Louis, Recra,

and Thermo NUtech during fiscal year 1999. Blind

spiked standards were generally prepared in triplicate

and submitted to the laboratories to check the accu-

racy and precision of analyses. For most constituents,

the standards were prepared in a groundwater niatrix

from a background well. Cyanide standards and one

set of volatile organic compound standards in the first

quarter of fiscal year 1999 were prepared in organic

free, deionized water. In all cases, the standards were

submitted to the laboratories in double-blind fashion

(i.e., the standards were disguised as regular groundwater

samples).

Tables B.10 and B.11 list the number and types of

blind standards along with the control limits used in

fiscal year 1999. Overall, 84% of the blind spike

determinations were acceptable. For Quanterra, 90%

of the results were within the control limits, which

represents an improvement over fiscal year 1998 (i.e.,

80% were within limits in fiscal year 1998). This

improvement is significant, considering that the fiscal

year 1999 blind standard program was more focused

on those constituents that have had poor results in

the past. Fiscal year 1999 was the first year that the

groundwater project submitted a complete set of blind

standards to Recra and Thermo NUtech. This was

done to provide performance information for the proj-

ect's secondary laboratories.

Quanterra's blind standard results are listed in more

detail in Table B.12. One or more results were unac-

ceptably high for gross alpha, gross beta, plutonium-

239, total organic carbon, and tritium. Similarly, one

or more results were biased low for carbon tetrachlo-

ride, cyanide, total organic halides, trichloroethylene,

and tritium. Three constituents, carbon tetrachloride,

plutonium-239, and trichloroethylene, were out of

limits only once; the anomalous results appear to

reflect isolated instances of poor analytical precision.

Two tritium results were out-of-limits. One was a

non-detection result for a standard that had allegedly

been spiked at 211,600 pCi/L. Since a re-analysis of

the standard confirmed the original result, it is believed

that the sample was either mislabeled or was not spiked

with tritium. Quanterra, St. Louis' most problematic

constituents were gross alpha, gross beta, total organic

carbon, and total organic halides. Results for these

constituents are discussed below.

Three of sixteen of Quanterra, St. Louis total

organic carbon results were out of limits, but most of

the total organic carbon results were biased high. The

out-of-limit results were from the third and fourth

quarters of the fiscal year, and the out-of-limit recov-

eries ranged from 127% to 133%. The laboratory per-

formed data rechecks on the results and reanalyses on

the samples but was unable to identify a reason for the

discrepancies. Unlike other blind standard constituents,

all of the total organic carbon standards were prepared

at concentrations near the laboratory's practical quan-

titation limit (1,000 pg/L), so a small percentage of

out-of-limit results is not unexpected. In the future, the

groundwater project will continue to closely monitor

Quanterra's performance for this important analysis.

^
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An additional backup laboratory for total organic car-

bon will also be evaluated if necessary.

Half of Quanterra's total organic halide results

were out of limits for the standards that were spiked

with volatile organic compounds. Individual out-of-

limit recoveries for these standards ranged from 55 %

to 71%. The groundwater project performed in-house
/
analyses on splits of the standards and confirmed that

the standards were spiked at the proper concentrations.

Because all of the results for the 2,4,6-trichlorophenol

standards were acceptable, the reason for the low bias

appears to be volatilization or weak retention of the

volatile analytes on the charcoal cartridges used in the

analysis. The laboratory investigated the out-of-limit

results but was unable to determine the source of

error. Low-biased total organic halide results are of

concern because of the potential for not detecting

halogenated organics at RCRA sites. However, even

with a 50% negative bias, detection shouldbccurat

concentrations well below the limit of quantitation

(discussed in Section B.5).

Quanterm's gross alpha results were acceptable for

all but the third quarter. Similarly, all of the gross beta

results were within limits except for the second quarter

results. For both parameters, the blind standards may

have been spiked incorrectly. Splits of the beta stan-

dards had similar results at Thermo NUtech, while

reanalysis of the gross alpha standards by Quanterra,

Richland confirmed two out of three of the results. In

general, the results for both parameters exhibited rela-

tively poor precision, but the average results tended to

be close to the expected concentrations.

Table B. 13 provides a detailed summary of Recra

and Thermo NUtech's blind standard results. Seventy-

one percent ofthe results for these laboratories were

within control limits, representing good performance

overall. However, several high-biased results were

reported for total organic carbon, total organic halides,

and gross beta. In addition, the labs had two or more

unacceptably low results for cyanide and iodine- 129.

Cyanide results were consistently low for Recra and

Quanterra, St. Louis; the problem is believed to be

associated with the standards because both laborato-

ries have had acceptable water supply and water pollu-

tion performance-evaluation results for cyanide. The

low iodine-129 results were non-detections that were

caused by an error at the laboratory. Subsequent

iodine-129 standards in the second quarter were spiked

at lower concentrations, and all of Thermo NUtech's

results were acceptable. Recra's total organic halide

results were acceptable, except for the third quarter

results that were biased high, and one of the fourth

quarter results that was a non-detection. The reasons

for these abnormal results are unknown. All of Recra's

total organic carbon results were biased high and two-

thirds were out of limits. Recta re-analyzed all of the

standards with unacceptable results; the re-analysis

results were also out of limits. Due to the large number

of out-of-limit results, the groundwater project does

not plan to submit additional samples to Recra for

total organic carbon analyses. Finally, half of Thermo

NUtech's gross beta results were unacceptably high.

The second quarter results are believed to be high

because of incorrectly spiked standards, but the high

bias in the first quarter results appears to be a labora-

tory problem. Quanterra, Richland analyzed splits of

the standards and achieved acceptable results.

B.4.3 Laboratory Internal QA/QC
Programs

Quanterra, Richland and St. Louis, Thermo

NUtech, and Recra maintain internal QA/QC pro-

grams that generate,data on analytical performance by

analyzing method blanks, laboratory control samples,

matrix spikes and matrix spike duplicates; matrix

duplicates, and surrogates (see PNNL-13080 for defi-

nitions of these terms). An assessment of the labora-

tory QC data for fiscal year 1999 is summarized in this

section. Quanterra data are discussed in detail first and

presented in Tables B.14 through B.17. Constituents

not listed in these tablesdid not exceed Quanterra's

QC limits. A brief summary of Recra and Thermo

NUtech data is presented at the end of the section.

Evaluation of results for method blanks was based

on the frequency of detection above the blank QC
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limits. In general, these limits are two times the method

detection limit or instrument detection limit for chem-

ical constituents and two times the total propagated

error for radiological components. For common labo-

ratory contaminants such as 2-butanone, acetone,

methylene chloride, phthalate esters, and toluene, the

QC limit is five times the method detection limit.

Table B.14 summarizes Quanterra's method blank

results. The general chemical parameters, ammonia

and anions, and metals categories had the greatest

percentage of method blank results exceeding the QC

limits. For the general chemical parameters, only spe-

cific conductance showed high method blank results,

with 100% above the method detection limit. These

high method blanks for conductance do not appear to

be a significant problem because 94% of groundwater

samples have conductance values that are at least

100 times higher than the highest blank value. For

ammonia and anions, only chloride had greater than

10% of the method blanks outside the QC limits. The

highest method blank for chloride was 0.194 mg/L, or

2.8 times the QC limit. For metals, the laboratory's

instrument detection limits for Method 6010 (the ICP

method SW-846) are believed to be unrealistically low,

which resulted in the large number of method blanks

that exceeded the limits for.this method. For volatile

organic compounds, only acetone and methylene chlo-

ride had greater than 10% of method blanks outside

the QC limits. Fewer than 4% of the method blanks

for acetone and 1% for methylene chloride exceeded

three times the QC limits. Acetone and methylene

chloride show frequent blank problems because of low-

level background contamination in the laboratories.

To assess the laboratory control samples, QC

limits for general chemical parameters, ammonia and

anions, and metals were between 80% and 120%; those

for radiological parameters were between 70% and

130%. Table B.15 summarizes Quanterra's results for

the laboratory control samples. For constituents with

10 or more measurements, none had greater than 10%

of laboratory control samples outside of QC limits.

Fewer than 3% of the volatile or semivolatile organics

were out of limits based on the QC limits that were

effective in July. Previous limits were similar but were

not used for statistical data evaluation because the

limits were not reported electronically by the labora-

tory until July.

Table B.16 summarizes Quanterra's results for the

matrix spikes and matrix spike duplicates. Matrix spike

and matrix spike duplicate QC limits were between

75% and -125% for general chemical parameters,

ammonia and anions, and metals. Matrix spike QC

limits were between 70% and 130% for radiological

parameters. These limits are based on those incorpo-

rated into the database starting in July 1999. For the

volatile and semivolatile organic compounds, the QC

limits that were effective in July were used to evaluate

the results, as described above. Fewer than 5% of the

volatile or semivolatile organic matrix spikes and

matrix spike duplicates were out of limits.

Matrix duplicates were evaluated by comparing

the relative percent difference to the QC limit for

results that were five times greater than the method

detection limit or the minimum detectable activity for

general chemical parameters, ammonia and anions,

and radiological parameters. The QC limit was 20%

for all three categories. Table B.171ists the constitu-

ents thatexceeded the relative percent difference limits.

Matrix duplicates were not analyzed for volatile organic

compounds, semivolatile organic compounds, or metals.

Surrogate data included seven compounds for

volatile organics and two for semivolatile organics.

Applying the QC limits electronically available from

Quanterra as of July 1999, none of the volatile organic

surrogate compounds and 16% of the semivolatile

organic compounds were outside the QC limits.

QC data for Thermo NUtech and Recra were

limited for fiscal year 1999 because these laboratories

did not analyze many samples for the groundwater proj-

ect. Recra analyzed method blanks, laboratory control

samples, matrix spikes, and matrix duplicates for total

organic carbon, total organic halides, selected anions,

metals, and selected volatile organic compounds. Most

results were within QC limits. However, the follow-

ing data were outside limits: one total organic halide

laboratory control sample, one trichloroethylene
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matrix spike, one silicon matrix spike, one boron and

one molybdenum matrix duplicate, and five metal

method blanks (barium, calcium, magnesium, sodium,

and silicon). Thermo NUtech analyzed method blanks,

laboratory control samples, matrix spikes, and matrix

duplicates for gross alpha, gross beta, and iodine- 129.

One iodine-129 matrix duplicate was outside limits.

B.4.3.1 Issue Resolution

Issue resolution forms are documents for record-

ing and resolving problems encountered with sample

receipt, sample analysis, and data reporting. The

forms are generated by the laboratory and forwarded

to the groundwater project as soon as possible after a

potential problem is identified. The forms indicate if

direction on the part of the project is required. The

documentation is intended to identify occurrences,

deficiencies, and/or issues that may potentially have

an adverse effect on data integrity. Table B.18 indi-

cates the specific issues identified during fiscal year

1999 and the number of times these occurred.

B.4.3.2 Laboratory Audits/Assessments

Laboratory activities are regularly assessed by sm-

veillance and auditing processes to ensure that quality

problems are prevented and/or detected. Regular

assessment supports continuous process improvement

Assessments of Quanterra, Richland and St. Louis

were conducted December 7 to 10, 1998 and May 6 to

8, 1999, respectively. The Hanford Site's Integrated

Contractor AssessmentTeam, consisting of represen-

tatives from Bechtel Hanford, Inc and Waste Manage-

ment Federal Services of Hanford, Inc. conducted the

audits. The purpose of the assessments was to evalu-

ate the continued readiness of both Quanterra labora-

tories to analyze and process samples for the Hanford

Site. Specific work requirements for the laboratories

are specified in the statement of work between Waste

Management Federal Services of Hanford, Inc. and

Quanterra (RFSH-SOW-93-003, Rev. 5).

The assessment scope for these audits was based

on the analytical and QA requirements for both

groundwater and multi-media samples as specified in

the statement of work. The primary focus of the

Quanterra, Richland audit was personnel training,

procedure compliance, sample receipt and tracking,

instrument operation and calibration, equipment

maintenance, instrumentation records and logbooks,

and the implementation of Quanterm's QA manage-

ment plan. For Quanterra, St. Louis, the focus was on

the implementation of their QA program, compliance

to their technical operating procedures, and verifica-

tion of the corrective actions initiated in response to

the previous audit (May 1998). The specific areas

reviewed included sample preparation, instrument

calibration, QC sample data and acceptance criteria,

logbook review, and preventive maintenance.

Seven findings and five observations were noted

in the assessment of Quanterra, Richland, and ten

findings and five observations were identified during

the assessment of Quanterra, St. Louis. These find-

ings and observations related to deficiencies in four

specific programmatic areas: document control, qual-

ity improvement, work processes, and calibration.

Corrective-action responses to the assessment findings

and observations have been evaluated. The laborato-

ries have addressed all findings and observations, and

the audits have been closed.

The Hanford Integrated Contractor Assessment

Team conducted an assessment of Quanterra, Rich-

land's sample disposal practices on May 13, 1999.

This targeted system assessment was part of the con-

tinuing assessments required by the DOE, Richland

Operations Office Waste Programs division as a con-

dition of continuance of the commercial laboratory

disposal program. General waste handling processes

were reviewed, as well as sample handling, personnel

qualifications, records, and requirements for waste.

Results of the audit indicated that the commercial

laboratory has systems in place for processing and man-

aging waste streams. Laboratory staff were knowledge-

able and well trained.

Assessments of Thermo NUtech and its subcon-

tractor laboratory, Recm, were conducted by an assess-

ment team consisting of representatives from Bechtel
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Hanford, Inc., PNNL, and Waste Management Federal

Services of Hanford, Inc., March 18 to 20, 1999 and

June 22 to 24„1999. The scope of these audits focused

on the analytical and QA requirements for sample ana-

lyses as specified in the contract with the laboratories.

Four findings and eight observations were identi-

fied during the audit conducted at Thermo NUtech.

The findings and observations were related to lack of

procedures, use of instruments past the calibration

dates, incomplete training records, and incomplete

followup to previous corrective-action responses for

past audits. All corrective-action responses have been

accepted, and the findings have been closed.

Five findings and ten observations were noted for

Recra. These findings and observations were related

to procedural non-compliance, lack of procedures,

incomplete training records, and reporting and soft-

ware deficiencies. Closure of this audit is still pending.

Continued assessments of the laboratories are

planned for the upcoming year to further evaluate per-

formance and to ensure those corrective actions for the

past findings and observations have been implemented.

B.4.3.3 Sample Collection Contractor
Surveillances

Groundwater project staff regularly reviewed sam-

ple collection activities performed by the sampling sub-

contractor, Waste Management Technical Services.

The purpose of the reviews was to ensure that samples

were collected and submitted to the laboratories in

accordance with high-quality standards. Monthly sur-

veillances were conducted in the following areas: sam-

ple delivery and shipping, bottle preparation, sample

collection, calibration of instruments, standard certifi-

cations, procedure implementation, training, and

paperwork processing. All issues identified during the

surveillances have been corrected.

time, out-of-limit field duplicate or field blank, or

qualified to indicate laboratory blank contamination.

For fiscal year 1999, 85% of the groundwater project

data were considered complete. Potentially invalid

data was flagged in the database. The percentages of

data flagged were 2.7% for field QC problems, 0.6%

for exceeded holding times, 0.2% for rejected results,

0.3% for support values, and 13% for laboratory blank

contamination.

For comparability, samples are split in the field

(i.e., colleeted in duplicate) and forwarded to two or

more laboratories when problems arise that require

confirmation of analytical results. During fiscal year

1999, 10 samples were split for one or more analyses of

alkalinity, anions, iodine-129, metals, strontium-90,

total dissolved solids, and tritium (27 constituents

total). Samples were analyzed for hazardous and non-

hazardous chemicals by Quanterra, St. Louis and Recra

Radiological analyses were performed by Quanterra,

Richland and Thermo NUtech. None of the split

sample results had a relative percent difference greater

than 20% for concentrations that were more than five

times greater than the analyzing laboratories' detection

limits. Thus, the laboratories showed excellent agree-

ment for constituents at mutually quantifiable concen-

trations, and the split samples were useful for confirming

out-of-trend results.

Specific evaluation of completeness and compara-

bility issues for interim action groundwater monitor-

ing was not performed for this report. Completeness

and comparability issues are primarily assessed as part

of site-specificvalidation activities. No validation

activities were performed on interim action groundwa-

ter monitoring data in$scal year 1999.

B.5 Limit of Detection, Limit of
Quantitation, and Method Detection
Limit

B.4A Data Completeness and
Comparability

Data judged to be complete are data that are not

suspect, rejected, associated with a missed holding

C. J. Chou, C. J. Thompson

Detection and quantitation limits are essential for

evaluating data quality and usefulness because they
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provide the limits of a method's measurement. The

detection limit is the lower limit at which a measure-

ment can be differentiated from background. The

quantitation limit is the lower limit where a measure-

ment becomes quantifiably meaningful. The limit of

detection, limit of quantitation, and method detection

limit are useful for evaluating groundwater data.

The limit of detection is defined as the lowest

concentration level statistically different from a blank

(Currie 1988). The concentration at which an analyte

can be detected depends on the variability of the blank

response. For the purpose of this discussion, the blank

is taken to be a method blank.

In general, the limit of detection is calculated as

the mean concentration in the blank plus three stan-

dard deviations of that concentration (EPA/540/P-87/

001, OSWER 9355.0-14): The blank-corrected limit

of detection is simply three times the blank standard

deviation. At three standard deviations from the

blank mean, the false-positive and the false-negative

error rates are each -7% (Miller andMiller 1988).

A false-positive error is an instance when an analyte is

declared to be present but is, in fact, absent. A false-

negative error is an instance when an analyte is declared

to be absent but is, in fact, present.

The limit of detection for a radionuclide is typi-

cally computed from the counting error associated with

each reported result (e.g., EPA 520/1-80-012) and

represents instrumental or background conditions at

the time of analysis. In contrast, the limit of detection

and limit of quantitation for the radionuclides shown

in Table B.19 are based on variabilities that result from

both counting errors and uncertainties introduced by

sample handling. In the latter case, distilled water,

submitted as a sample, is processed as if it were an

actual sample. Thus, any random cross-contamination .

of the blank during sample processing will be included

in the overall error, and the values shown in Table B.17

are most useful for assessing long-term variability in

the overall process.

The limit of quantitation is defined as the level

above which quantitative results may be obtained

with a specified degree of confidence (Keith 1991). The

limit of quantitation is calculated as the blank mean

plus 10 standard deviations ofthe blank (EPA/540/

P-87/001, OSWER 9355.014). The blank-corrected

limit of quantitation is simply 10 times the blank stan-

dard deviation. The limit of quantitation is most use-

ful for defining the lower limit of the useful range of

concentration measurement technology. When the

analyte signal is 10 times larger than the standard

deviation of the blank measurements, there is a 95%

probability that the true concentration of the analyte

is within ±25% of the measured concentration.

The method detection limit is defined as the mini-

mum concentration of a substance that can be meas-

ured and reported with a 99% confidence that the

analyte concentration is greater than zero. The method

detection limit is determined from analysis of a sample

in a given matrix containing the analyte (Currie 1988).

The method detection limit is 3.14 times the standard

deviation of the results of 7 replicates of a low-level

standard. Note that the method detection limit, as

defined above, is based on the variability of the response

of low-level standards rather than on the variability of

the blank response.

For this report, total organic carbon, total organic

halides, and radionuclide field blank data are available

for limit of detection and limit of quantitation deter-

minations. The field blanks are QC samples that are

introduced into a process to monitor the performance

of the system. The use of field blanks to calculate the

limit of detection and the limit of quantitation is pre-

ferred over the use of laboratory blanksbecause field

blanks include error contributions from sample prepa-

ration and handling, in addition to analytical uncer-

tainties. Methods to calculate the limit of detection

and the limit of quantitation are described in detail in

Appendix A of DOE/RL-91-03. The results of the

limit of detection and limit of quantitation determina-

tions are listed in Table B.17.

Because of the lack of blank data for other constitu-

ents of concern, it was necessary to calculate approxi-

mate limit of detection and limit of quantitation values
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by using variability information obtained from low-

level standards. The data from the low-level standards

are obtained from laboratory method detection limit

studies. If low-level standards are used, the variability

of the difference between the sample and blank response

is increased by a factor of42 (Currie 1988, p. 84). The

formulas are summarized below:

MDL=3.14xs

performance. However, the following areas of concern

were identified and should be considered when inter-

preting groundwater monitoring results:

• A few QC samples were probably swapped in the

field or at the laboratory based on a small number of

unusually high field-blank results and duplicate

results with poor precision. The same problem

likely occurred-for a small number of groundwater

samples.

LOD=3x2zs)

=4.24xs

LOQ=10x(r2- x2)

= 14.14 x s

where s = standard deviation from the seven replicates

of the low-level standard.

The results of limit of detection, limit of quanti-

tation, and method detection limit calculations for

most non-radiological constituents of concern (besides

total organic carbon and total organic halides) are

listed in Table B.20. The values in the table apply to

Quanterra, St. Louis only.

Specific evaluation of detection-limit issues for

the interim action groundwater monitoring program

was not performed for this report. Detection-limit

issues are primarily assessed as part of site-specific vali-

dation activities. No validation activities were per-

formed on interim action groundwater monitoring

data in fiscal year 1999.

B.6 Conclusions

Overall, assessments of fiscal year 1999 QA/QC

information indicate that groundwater monitoring data

are reliable and defensible. Sampling was conducted

in accordance with reviewed procedures. Few contami-

nation or other sampling-related problems were encoun-

tered that affected data integrity. Likewise, laboratory

performance was excellent in most respects, based on

the large percentages of acceptable field and laboratory

QC results. Satisfactory laboratory audits and generally

acceptable results in nationally-based performance

evaluation studies also demonstrated good laboratory

• Several indicator parameters, metals, and volatile

organic compounds were detected at low ledels

in field and/or laboratory method blanks. Some

of these constituents were found at similar levels

in groundwater samples.

• Maximum recommended holding times were

exceeded for -3% of groundwater project samples.

Anions and phenols were the primary analyses

affected, though the data impacts are considered

minor.

• Quanterra, St. Louis' double-blind standard results

for total organic carbon were typically biased

-15% high, while the results for total organic

halides (volatiles only) were biased low by -25%.

On average, Recra's total organic carbon results

were biased -40% high.

• Quanterra, Richland's double-blind standard

results for gross alpha and gross beta were incon-

sistent with biases ranging from 16% low to 88%

high. Thermo NUtech's results for gross beta were

biased high by up to 51 %.
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Table B.1. Full-Trip Blanks Exceeding Quality Control Limits

Number

Out of Number of Percent Out

Constituent Limits Analyses of Limits

General Chemical Parameters

Alkalinity 1 27 3.7
Chemical oxygen demand I 3 33.3
Specific conductance 42 45 93.3
Total carbon 2 3 66.7
Total dissolved solids 8 14 57.1
Total organic carbon 22 82 26.8

Total organic halides 3 74 4.1

Ammonia and Anions

Chloride 12 47 26.5
Nitrogen in nitrate 4 47 8.5

Sulfate 3 47 6.4

Metals

Antimoxiy 1 38 2.6
Beryllium 2 38 5.3
Calcium 11 38 28.9
Copper 4 38 10.5
Iron 3 38 7.9
Magnesium 16 38 42.1

Manganese 17 38 44.7
Potassium 1 38 2.6

Sodium 27 38 71.1
Strontium (elemental) 4 38 10.5

Vanadium 9 38 23.7
Zinc 13 38 34.2

Volatile Organic Compounds

Carbon tetrachloride 1 14 7.1

Radiological Parameters

Gross beta 4 39 10.3

Tritium 3 41 7.3

Range of QC
Limits(')

598 - 4,460 iug/L
7,638 µg/L.
0.09 pS/cm

512 - 1,416 pg/L
8,456 Ng/L

444.4 - 512 iug/L
4.76 - 8.54 µg/L

69.2 - 70 pg/L
4-21.2µg/L

194 - 216 µg/L

39.4 - 54.6 µg/L
0.4 - 1.4WJL

130.6 - 249 WJL
4.6-8pg/L.

60.6 - 71.2 WJL
68.2 - 201.4 WJL

1 - 1.4 pg/L
1,152 - 3,355.2 pg/L
88.4 - 239.6 pglL
0.8-1.4pg/L
7.4-9.4pg/L
8.2-8.4pg/L

0.05 - 0.904 Ng/L

2.2 - 6.36 pCi/L(') 3.15 - 22.7 pCi/L
30 - 602 pCi/L(6) 129 - 1,280 pCi/L

Range of Out-of-
Limit Results

8,000 µg/L
34,000 Ng/L

0.571 - 13 µS/cm
1,520 - 1,960 pg/L
9,000 - 31,000µg/L
446 - 1,030 pg/L
5.8 - 15.2 µg/L

70 - 167 Ng/L
.22 - 124 Pg/L
239 - 329 µg/L

63.3 µg/L
0.52 - 1.4IAg/L
250 -833 WJL
4.6-9.2µg/L

78.2 - 528 µg/L
73.1 - 1,080 WJL
1.1 -8.1 pg/L
2,690 pg/L

245 - 1,120 µg/L
3.2 - 4.9 µg/L
8.1 - 25 pg/L
8.8 - 45.6 µg/L

0.4 µg/L

(a) Because methoddetection limits may change throughout the year, the limits are presented as a range. However,. each result

was evaluated according to the method detection limit in effect at the time the sample was analyzed.

(b) The limit for radiological analyses is determined by the sample-specific total propagated uncertainty.
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Table B.2. Field Transfer Blanks Exceeding Quality Control Limits

Number Range of QC Range of Out-of-

Out of Number of Percent Out Limits(a) Limit Results

Constituent Limits Analyses of Limits (1ig/L) (!ig/L)

2-Butanone 1 79 1.3 0.84 - 1.78 4

Carbon disulfide 1 79 1.3 0.26 - 0.296 0.4

Carbon tetrachloride 5 88 5.7 0.284 - 0.904 0.4 - 1

Chloroform 22 88 25.0 0.18 - 0.572 0.2 - 4

Methylene chloride 36 88 40.9 1.425 - 3.8 3- 38

Tetrahydrofuzan 1 75 1.3 3.14 -3.92 17

(a) Because method detection limits may change throughout the year, the limits are presented as a range. However, each

result was evaluated according to the method detection limit in effect at the time the sample was analyzed.

Table B.3. Equipment Blanks Exceeding Quality Control Limits

Number

Out of Number of Percent Out Range of QC Range of Out-of-

Constituent Limits Analyses of Limits Limits(') Limit Results

General Chemical Parameters

Specific conductance 18 20 90.0 0.09 µS/cm 0.865 - 11.7 P5/cm

Total dissolved solids 3 4 75.0 8,456 }rg/L 10,000 - 23,000 pg/L ^.\

Total organic carbon 6 20 30.0 444.4 - 512 µg/L 460 - 815 pg/I.

Total organic halides 2 16 12.5 4.76 - 8.54 µg/L 4.8 - 15.2 pg/I-

Ammonia and Anions

Chloride 11 20 55.0 69.2 - 70 µg/L 71 - 276 µg/L

Fluoride 3 20 15.0 20.8 - 24 pg/L 61 - 86iAg/I.

Nitrogen in nitrate 6 20 30.0 4- 21.2 pg/L 13 - 150 µg/L

Sulfate 2 20 10.0 194 - 216 Ng/L 215 - 220 µg/L

MetaLs

Barium 2 17 11.8. 1.8 - 2.2 gg/L 5.6 - 5.9 µg/L

Calcium 7 17 41.2 130.6 - 249 WL 254 - 439 µg/L

Copper 5 17 29.4 4•6 - 8 WJL 5.7 - 39.7 pglL

Iron 1 17 5.9 60.6 - 71.2 pg/L 132 Ng/L

Magnesium 7 17 41.2 68.2 - 201.4 WJL 195 - 588 pg/L

Manganese 10 17 58.8 1 - 1.4 WJL 1.7 - 5.4 µg/L

Nickel 1 17 5.9 20 - 28.6 pg/L 103 µg/L

Sodium 14 17 82.4 88.4 - 239.6 pg/L 234 - 838 WJL

Strontium (elemental) 1 17 5.9 0.8 - 1.4 WJL 3.3 µg/1-

Vanadium 7 17 41.2 7.4 - 9.4 NgIL 9.7 - 35.6 pg/L

Zinc 7 17 41.2 8.2 - 8.4 Ng/L 8.3 - 14.5 pg/L

Volatile Organic Compounds

Acetone 1 3 33.3 1.65- 9.7 gg/L 2 pg/L

Carbon disulfide 1 3 33.3 0.26 - 0.296 µg/L 1 WJL

Chloroform 1 3 33.3 0.18 - 0.344 µg/L. 11 µg/L

. . . Radiological Parameters

Tritium 2 15 13.3 34.8 - 432 pCi/LibI 142 - 147 pCi/L

(a) Because method detection limits may change throughout the year, the limits are presented as a range. However, each result

was evaluated according to the method detection limit in effect at the time the sample was analyzed.

(b) The limit for radiological analyses is determined by the sample-specific total propagated uncertainty.
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Table B.4. Field Duplicates Exceeding Quality Control Limits

Total Nuinber of Range of
Number of Duplicates Number Out Percent Out Relative Percent

Constituent Duplicates Evaluated(') of Limits of Limits Differences(")

General Chemical Parameters

Oil and grease 1 1 1 100.0 166.3

Metals

Chromium 61 27 2 7.4 22.2 - 41.4
Copper 55 1 1 100.0 100
Iron 55 11 6 54.6 37.2 - 97.1
Manganese 55 32 7 21.9 22.8 - 68.9
Potassium 55 17 3 17.7 20.4 - 26.2
Vanadium 55 33 2 6.1 27.4-32.8
Zinc 55 14 4 28.6 43:6 - 95.6

Volatile Organic Compounds

1,1,1-Trichloroethane 17 2 1 50.0 22.2
Acetone 14 1 1 100.0 162
Carbon tetrachloride 17 4 1 25.0 107.7
Chloroform 17 4 2 50.0 181
cis-1,2-Dichloroethylene 17 2 2 100.0 40
Methylene chloride 17 1 1 100.0 28.6

Radiological Parameters

Gross alpha 42 9 3 33.3 20:2 - 28.5
Technetium-99 17 10 2 20.0 24.3 - 50.0

(a) Duplicates with both results less than five times the method detection limit or minimum detectable activity were excluded
from the evaluation.

(b) In cases where a non-detected result was compared with a measured value, the method detection limit or minimum detect-
able activity was used for the non-detected concentration.

a B.19 z



Groundwater Monitoring for fY1999

Table B.5. Hanford Groundwater Monitoring Project Maximum Recommended Holding Times

Methods Constituents Holding Times

8010/8020/8260 (SW-846) Volatile organics 14 days

8270 (SW-846) Semivolatile organics 7 days before extraction; 40 days after extraction

8080 (SW-846) Pesticides 7 days before extraction; 40 days after extraction

8080 (SW-846) Polychlorinated biphenyls 7 days before extraction; 40 days after extraction

8040 (SW-846) Phenols 7 days before extraction; 40 days after extraction

6010 (SW-846) Inductively coupled-plasma metals 6 months

7060 (SW-846) Arsenic 6 months

7421 (SW-846) Lead 6 months

7470 (SW-846) Mercury 28 days

7740 (SW-846) Selenium 6 months

7841 (SW-846) Thallium 6 months

9012 (SW-846) Cyanide 14 days

9020 (SW-846) Totalbrganichalides 28days

9060 (SW-846) Total organic carbon 28 days . . .

300.0 (EPA-600/4-81-004) Bromide 28 days

300.0 (EPA-600/4-81-004) Chloride 28 days

300.0 (EPA-600/4-81-004) Fluoride 28 days

300.0 (EPA-600/4-81-004) Nitrate 72 hours

300.0 (EPA-600/4-81-004) Nitrite 72 hours

300.0 (EPA-600/4-81-004) Phosphate 72 hours

300.0 (EPA-600/4-81-004) Sulfate 28 days

310.1 (EPA-600/4-81-004) Alkalinity 14 days

410.4 (EPA-600/4-81-004) Chemical oxygen demand 28 days

Table B.6. Results of U.S. Environmental Protection Agency Water Pollution (WP) and Water Supply (WS)

Performance Evaluation Studies

WP030 WS035 WP040 WS050

February 1999 August 1999 November 1998 May 1999

Percent Percent Percent Percent

Laboratory Acceptable Acceptable Acceptable Acceptable

Quanterra Incorporated, 84(') 94^b) 85i0 91(d)

St. Louis, Missouri . . .

(a) Unacceptable results were for alkalinity, orthophosphate, hardness, turbidity, boron, fluoride, nitrate, nitrite, 2,4,5-T, 2,4-

D, 2,4-DB, chlorobenzene, 1,2-dichloroethane, and 1,1,2-nichloroethane.

(b) Unacceptable results were for orthophosphate, mercury, carbon tetrachloride, 1,1,1,2-tetrachloroethane, and 1,2,3-

trichloropropane.

(c) Unacceptable results were for alkalinity, kjeldahl-nitrogen, Aroclor1016/1242 in oil, Aroclor 1254 in oil, benzene,

ethylbenzene, toluene, three dichlorobenzeaes, and total phenolics.

(d) Unacceptable results were for hardness, orthophosphate, mercury, Aroclor 1016, kjeldahl nitrogen, 1,2-dichlorobenzene,

1,3-dichlorobenzene, tetrachloroerhylene, and total suspended solids.
- -^
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Table B.7. Results of Water Pollution (WP) and Water Supply (WS) Performance Evaluation Studies
for Recta Environmental, Inc.

WP040 WS030 WP048 WS035
November 1998 February 1999 March 1999 August 1999

Percent Percent Percent Percent
Laboratory Acceptable Acceptable Acceptable Acceptable

Recta LabNet, Philadelphia 95(a) 94(b) 93(0 90(d)

(a) Unacceptable results were for silver, total organic carbon, chemical oxygen demand, andAroctor 1016/1242 in oil.
(b) Unacceptable results were for hardness, bis-(2-ethylhexyl)adipate, dichlorodifluoromethane,1,1,1,2-perchloroethylene,

1,2,3-trichlorobenzene,1,1-dichloroethylene, methyl-t-butyl ether, dinoseb, pentachlorophenol, 2,4-D, and dicamba.
(c) Unacceptable results were for cyanide, conductivity, and total organic carbon.
(d) Unacceptable results were for aluminum, chloride, fluoride, carbon tetrachloride, 1;2-dichlorobenzene, 1,1-dichloroethylene,

1,1,2,2-tetmchloroetbane, chloroform, toxaphene, pentachlorophenol, and dichlorodifluoromethane.
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Table B.8. Summary of Quanterra Incorporated Interlaboratory Performance, Fiscal Year 1999

Number of Results Number Within

Radionulclides Reported for Each Acceptable Control Limits

DOE Quality Assessment Program (EML-600, EML-604)
Environmental Measurements Laboratory

Americium-241, cobalt-60, cesium-137, 2 2(',b)

gross alpha, gross beta, plutonium-238, . . . .

plutonium-239, strontium-90, tritium, , - -

uranium-234, uranium

Uranium-238 2 lc'

Manganese-54, nickel-63 I

DOE Mixed Analyte Performance Evaluation Program (MAPEP-98-W6) . . ..

Radiological and Environmental Sciences Laboratory

Americium-241, cesium-137, cobalt-57y1 V`)

manganese-54, nickel-63, plutonium-238,
plutonium-239/240, strontium-90,
uranium-234/233, uranium-235, . . , .

uranium-238, zinc-65 . - ,

Anthracene, antimony, barium, beryllium, 1 (d)

chromium, copper, 1,3-dichlorobenzene,

2,4-dichlorophenol, diethylphthalate,
2,4-dimethylphenol, 2,4-dinitrotoluene,
2,6-dinitrotoluene, fluoranthene, fluotene,

lead, 2-methylphenol, naphthalene,

4-nitrophenol, phenanthrene, phenol,

selenium, thallium, zinc

EPA Laboratory Intercomparison Studies

National Exposure Research Laboratory

Cesium-137, cobalt-60, gross alpha, 2 2W?

gross beta,xadium-226, radium-228,
uranium

Cesium-134 2 1W

Barium-133, iodine-131, strontium-89, 1 1M

strontium-90, tritium, zinc-65 . " . .

. EPA InterLaB RadCheM Proficiency Testing Program

Environmental Resource Associates

Gross alpha, gross beta, radium-226, 2 2(Ee)

radium-228, strontium-90 . . .

Uranium 2 1(0

Cesium-134, cesium-137, cobalt-60, 1 1(Pe)

strontium-89, tritium

(a) Control limits from EML-600 and EML-604.
(b) One result each for americium-241, cesium-137, cobalt-60, gross alpha, gross beta, and plutonium-238 was acceptable but

outside warning limits.
(c) Results from Quanterra, Richland. . . . .

(d) Results from Quanterra, St. Louis.

(e) Control limits from EPA-600/4-81-004. -
d

' '
ies Criteria Document.(f) Control limits from National Standards for Water Proficiency Testing Stu

(g) One result each for cesium-137, cobalt-60, gross beta, and strontium-89 was acceptable but outside warning limits.
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Table 8.9. Summary of Recrra Environmental, Inc. and Thermo NUtech Interlaboratory Performance,

Fiscal Year 1999

Radionulclides
Number of Results Number Within

Reported for Each Acceptable Control Limits

DOE Quality Assessment Program (EML-600, EML-604)
Environmental Measurements Laboratory

Americium-241, gross alpha, gross beta, 2
iron-55, nickel-63, plutonium-238,
plutonium-239, strontium-90, tritium,

umnium-234, uranium-238, uranium

Cobalt-60, cesium-137 2

Manganese-54 1

DOE Mixed Analyte Performance Evaluation Program (MAPEP-98-W6)
Radiological and Environmental Sciences Laboratory

Americium-241, cesium-137, cobalt-57,
cobalt-60, iron-55, manganese-54,
nickel-63, plutonium-238,
plutonium-239/240, strontium-90,

uranium-234/233, uranium-238,

zinc-65

Anthracene, antimony, barium, beryllium,

chromium, copper,1,2-dichtorobenzene,
1,3-dichlorobenzene, 2,4-dichlorophenol,
diethylphthalate, 2,4-dimethylphenol,

2,4-dinitrotoluene, fluoranthene, fluorene,

lead, 2-methylphenol, 4-nitrophenol,
phenanthrene, phenol, selenium, thallium,
zinc

Acenaphthylene

Cesium-134, cesium-137, cobalt-60,
gross alpha, gross beta, strontium-89,
strontium-90

Barium-133, iodine-131, radium-226,
radium-228, uxanium, zinc-65

1

2(e.b)

lcai

0'

l(ca)

1W

Ocei

2(fl

1(0

(a) Results from Thermo NUtech, Richmond, California. Control limits from EML-600 and EML-604.
(b) One result each for gross alpha was acceptable but outside warning limits.
(c) Results from Thenno NUtech, Richmond, California.
(d) One result for plutonium-239/240 was acceptable but outside warning limits.
(e) Results from Recra LabNet, Philadelphia.
(f) Results from Thermo NUtech, Richmond, California. Control limits from EPA-600/4-81-004.

1

I

EPA Laboratory Intercomparison Studies
National Exposure Research Laboratory

2
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Table B.10. Summary of Quanterra Incorporated Double-Blind Spike Determinations

Number of Number of Results

Sample Results Outside QC Control

Constituent Frequency Reported(a) Limits(b) Limits(O (%)

General Chemical Parameters

Specific conductance Annually 3 0 ±25

Total organic carbon ( potassium Quarterly 16 3 ±25

hydrogen phtbalate spike)
Total organic halides Quarterly 14 0 ±25

(2,4,6-trichlorophenol spike)
Total organic halides (carbon Quarterly 14 7 ±25

tetrachloride, chloroform, and . . ,

trichloroethene spike)

Anions

Cyanide Quarterly 14 3 ±25

Fluoride Quarterly 12 0 ±25

Nitrate Semiannually 6 0 ±25

Metals

Chromium Semiannually 6 0 +20

Volatile Organic Compounds

Carbon tetrachloride Quarterly 16 1 ±25

Chloroform Quarterly 16 0 ±25

Trichlorethylene Quarterly 16 1 ±25

Radiological Parameters

Gross alpha (plutonium-239 spike) Quarterly 16 3 ±25

Gross beta (strontium-90 spike) Quarterly 16 3 ±25

Cesium-137 Semiannually 6 0 ±30

Cobalt-60 Semiannually 6 0 ±30

Iodine-129 Semiannually 6 0 ±30

Plutonium-239 Quarterly 16 1 ±30

Strontium-90 Semiannually 6 0 ±30

Technetium-99 Quarterly 16 0 ±30

Tritium Quarterly 9 2 ±30

Uranium-238 Quarterly 16 0 ±30

(af Blind standards were submitted in triplicate or quadruplicate.

(b) Quality control limits are given in the Hanford Groundwater Monitoring Project's QA plan.

(c) Each result must be within the specified percentage of the known value to be acceptable.
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Table B. 11. Summary of Recta Environmental, Inc. and Thermo NUtech Double-Blind Spike Determinations

Number of Number of Results

Sampling Results Outside QC Control
Constituent Frequency Reported("6) Limits(0 Limits(a) (%)

General Chemical Parameters

Total organic carbon (potassium Quarterly 15 10 ±25

hydrogen phthalate spike)

Total organic halides (2,4,6- Quarterly 10 4 ±25

trichlorophenol spike)
Total organic halides (carbon Quarterly 11 4 ±25
tetrachloride, chloroform, and . . .
trichlorethylene spike)

Anions

Cyanide Semiannually 6 4 ±25

Fluoride Annually 3 0 ±25

Metals

Chromium Annually 3 0 ±20

Volatile Organic Compounds

Carbon tetrachloride Annually 3 0 ±25

Chloroform Annually 3 0 ±25
Trichlorethylene Annually 3 0 ±25

Radiological Parameters

Gross alpha (plutonium-239 spike) Semiannually 6 0 t25

Gross beta (strontium-90 spike) Quarterly 12 6 ±25

Cesium-137 Annually 3 0 ±30
Cobalt-60 Annually 3 0 ±30
Iodine-129 Semiannually 6 2 ±30
Plutonium-239 Annually 3 0 ±30
Strontium-90 Annually 3 0 ±30

Tecbnetium-99 Annually 3 0 ±30
Tritium Annually 3 0 ±30
Uranium-238 Annually 3 0 ±30

( a) Blind standards were submitted in triplicate or quadruplicate.
(b) Recta Environmental,.Inc. performed chemical analyses, and Thermo NUtech performed radiological analyses.

(c) Control limits are given in the Hanford Groundwater Monitoring Project's QA plan.

(d) Each result must be within the specified percentage of the known value to be acceptable.
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Constituent

Specific conductance

Total organic carbon(a)

Total organic halides(s)

(phenol)

Chloroform

Trichloroethylene

Table B. 12. Quanterra Incorporated Blind Standard Results

Total organic halides(°)
(volatile organic mixture)

Cyanide

Fluoride

Nitrate,

Chromium

Carbon tetrachloride

Fiscal Relative

Year Spike Average Average Standard

Quarter Amount Result Recovery (%) Deviation (%)

General Chemical Parameters (µg/L.) . . . .

Fourth 445 425 96 1

First 805 808 100 19
Second 1,002 1,155 115 5
Third 1,500 1,930 129 4
Fourth 1,998 2,440 122 4

First 1,02.3 86.3 84 0
Second 1,052 1,023 97 19
Third 12.9 14.7 114 3
Fourth 130 113 87 6

First 103.5 64.3 62 11
Second 1,088 752.8 69 11
Third 13.2 12.1 91 13
Fourth 130 94.7 73 4

Anions (pg/L)

First 100 70.6 71 1
Second 100 77.6 78 1
Third 300 237 79 2
Fourth 400 307 77 1

First 1,000 1,237 124 1
Second 1,000 1,190 119 1
Third 5,000 5,283 106 2
Fourth 2,000, 2,353 118 2

First 10,166 10,220 101 2
Second 10,166 10,600 104 1

Metals (µg/L)

First 300 288 96 1
Second 300 296 99 1

Volatile OrganicCompouncLs (µg/L)

First 9.8 9.0 92 11
Second 414 387 93 6
Third 5.1 4.3 85 13
Fourth 51 42.7 84 16

First 98.9 96.7 98 1
Second 435 460 106 9
Third 5.1 4.3 85 13
Fourth 50 47.3 95 . . . 1

First 7.9 7.3 93 8
Second 394 383 97 8
Third 5 53 107 11
Fourth 50 40.3 81 10

FZ
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Appendix B

Table B.12. (contd)

Fiscal Relative
Year Spike Average Average Standard

Constituent Quarter Amount Result 2ecovery (%) Deviation (%)

Radiological Parameters (pCVL)

Gross alpha (plutonium-239) First 21.22 20.8 98 23
Second 292.22 272 93 6
Third 6.98 13.1 188 14
Fourth 101.45 107 106 13

Gross beta (strontium-90(a) First 13.08 10.9 84 13
Second 21.29 37.8 178 5
Third 58.86 64.9 110 24
Fourth 105.85 121.0 114 4

Cesium-137 First 614.8 643.7 105 6
Second 197.8 201.0 102 6

Cobalt-60 First 200.46 201.3 100 3
Second 398.95 399.0 100 1

Iodine-129 First 30.49 29.9 98 14
Second 24.59 18.8 76 5

Plutonium-239 First 21.224 24.0 113 5
Second 1.482 1.81 122 18
Third 6.978 7.02 101 4
Fourth 1.939 238 123 5

Snontium-90 First 7.98 8.99 113 12
Second 20.15 21.3 106 6

Tec6netium-99 First 471.5 393.7 83 5
Second 910.1 880.7 97 7
Third 202.1 211.3 105 8
Fourth 97.1 103.4 107 5

Tritium Second 38,080 36,867 97 1
Third 211,600 134,310 63 87
Fourth 199 246 124 18

Uranium-238 First 61.881 61.4 99 5
Second 144.48 144.0 100 2
Third 915.726 908.3 99 1
Fourth 318.21 330.0 104 2

(a) Total organic carbon standards were submitted in quadruplicate each quarter.
(b) Total organic halide (phenol) standards were submitted in quadruplicate during the first and fourth quarters. The stan-

dards were submitted in triplicate in the second and third quarters.
(c) Total organic halide (volatile) standards were submitted in triplicate during the first and fourth quarters. The standards

were submitted in quadruplicate in the second and third quarters.
(d) Assuming strontium-90 and yttrium-90 are in equilibrium, spike amount is strontium-90 + ytttium-90.
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Table B.13. Recra Environmental, Inc. and Thermo NUtech Blind Standard Results

Fiscal Relative
Year Spike Average Average Standard

Constituent Quarter Amount Result(" Recovery (%) Deviation

General Chemical Parameters (pg/L)

Total organic carbon(b) First 805 978 121 3
Second 1,002 1,600 160 7
Third 1,500 1,933 129 13
Fourth 1,998 2,975 149 8

Total organic halides(°) Second 1,052 1,150 109 8
(phenol) Third 12.9 21.9 170 10

Fourth 130 88.8 68 59
Total organic halides^d) Second 1,088 .. . 1,063 98 8
(volatile organic mixture) Third 13.2 21.4 162 19

Fourth 130 102 78 4

Anions (Ng/L) . . .

Cyanide Second 100 74.0 74 5
Fourth 400 277 69 17

Fluoride Second 1,000 1,100 110 0

Metals (Ng/L)

Chromium Second 300 302 101 2

Volatile Organic Compounds (µg/L)

Carbon tetrachloride Second 414 383 93 6
Chloroform Second 435 410 94 2
Trichlotethylene Second . 394 333 85 2

Radiological Parameters (pCi/L)

Gross alpha (plutonium-239) Second 292.22 278.3 95 8
Fourth 101.45 94.6 . 93 15

Gross beta (strontium-90)1') First i 13.08 . 19.8 151 8
Second 21.29 30.5 143 8
Third 58.86 68.9 117 1
Fourth 104.52 114.7 110 4

Cesium-137 Second 197.8 193.7 98 3
Cobalt-60 Second 398.95 361.0 90 5
Iodine-129 First 30.49 14.8 49 73

Second 24.59 24.6 100 13
Plutonium-239 Second 1.482 1.26 85 7
Strontium-90 Second 20.15 19.8 98 5
Technetium-99 Second 910.1 998.7 110 2

Tritium Second 38,080 39,030 103 1
Uranium-238 Second 144.48 167.0 116 1

(a) Recra Environmental, Inc. performed chemical analyses, and ThermoNUtech performed radiological analyses.

(b) Toral organic carbon standards were subm itted in quadruplicate each quarter. . . .

(c) Total organic halide (phenol) standards were submitted inttiplicate during the second and third quarters and in quadrupli-

cate during the fourth quarter.

(d) Total organic halide (volatile) standards were submitted in quadruplicate during the second and third quarters and in tripli-
cate during the fourth quarter.

(e) Assuming strontium-90 and yttrium-90 are in equilibrium, spike amount is strontium-90 + yttrium-90.
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Appendix B

Table B.14- Quanterra Incorporated Method Blank Results

Percent Out Number of Concentration Range
Constituent of Limit Analyses of Out-of-Limit Results

General Chemical Parameters

Total general chemical parameters 15.6 688
Alkalinity 0.9 112 5.6 mg/L
Specific conductance 100 105 0317 - 1.04 pS/cm

Total dissolved solids 1.4 74 39 mg/L

Ammonia and Anions

Total ammonia and anions 5.7 1,104 -
Chloride 26.2 210 0.07 - 0.194 mg(I.

Fluoride 2.0 204 0.037 - 0.063 mg/L
Sulfate 1.9 213 0.234 - 0.277 mg/L

Metals

Total metals 14.4 2,028 --
Aluminum 55.9 102 39 - 161 mg/I.
Calcium 51.0 102 27.1 - 492 mg/L

Chromium 0.9 106 7.1 mg/L

Copper 11.8 102 5.9 - 11.7 mg/L
Iron 89.2 102 12.8 - 91.8 mg/L
Magnesium 11.8 102 123 - 276 mg/I.
Manganese 5.9 102 1.1 - 2.5 mg/L
Sodium 24.5 102 59.4 - 241 mg/L
Vanadium 5.9 102 6.1 - 14.3 mg/L
Zinc 29.4 102 ^ 3.2 - 17 mg/L

Volatile Organic Compounds

Total volatile organic compounds 2.0 2,696 --

Acetone 33.0(b) 106 2- 19 mg/L
2-Butanone 0.9(b) 106 4 mg/L
1,4-Dichlorobenzene 0.8 123 0.4 mg/L

Methylene chloride 12.6(b) 119 2- 15 mg/L
Vinyl chloride 1.7 119 0.3 mg/L.

Semivolatile Organic Compounds

Total semivolatile organic compounds 0 832 --

Radiological Parameters

Total radiological parameters 0.2 1,076

Technetium-99 1.4 70 54.9 pCi/L
Tritium 1.2 82 23.6 pCi/L

(a) Control limits are twice the method detection limit.

(b) Control limits for footnoted compounds are five times the method detection limit.
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Table B.15. Quanterra Incorporated Laboratory Control Samples

Constituent Percent Out of Limit(O Number of Analyses

General Chemical Parameters

Total general chemical parameters 0 706

Ammonia and Anions . .. .

Total ammonia and anions 0 1,101 . ^. .

Metals

Total metals 0.1 2,030

Silver 2.0 102

Radiological Parameters

Total radiological parameters 2.1 708

Cesium-137 1.8 56

Cobalt-60 1.8 57

Gross alpha 6.8 73

Technetium-99 5.7 70

Tritium 0.9 109

Uranium 1.6 61

Uranium-235 28.6 7

(a) QC limits are 80% to 120% for general chemical parameters, ammonia and anions, and metals; 70% to 130% for

radiological parameters.

- . . . ^J^
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Table B.16. Quanterra Incorporated Matrix Spikes and Matrix Spike Duplicates

Constitaent Percent Out of Limit(') Number of Analvses

General Chemical Parameters

Total general chemical parameters 4.2 . . . . 212

Total carbon 83.3 6
Total organic carbon 0.9 115

Total organic halides 3.3 91

Ammonia and Anions

Total ammonia and anions 16.2 468

Chloride 10.8 83
Cyanide 6.9 29
Fluoride 12.0 83
Nitrogen in nitrate 33.7 83
Nitrogen in nitrite 18.1 83

Sulfate 12.6 87
Sulfide 100 1

Metals

Total metals 0.5 3,147
Cadmium 0.6 161
Chromium 1.2 163
Copper 1.3 157
Iron 1.3 157
Lead 11.1 54
Selenium 50.0 4
Sodium 0.6 157
Zinc 0.6 157

Radiological Parameters

Total radiological parameters 15.6 122
Technetium-99 63 64
Uranium 25.9 58

(a) Control limits are 75% to 125% for general chemical paxameters, ammonia and anions, and metals; 70% to 130% for
radiological parameters.
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Table B.17. Quanterra Incorporated Matrix Duplicates

Constituent Percent Out of Limit(a) Number of Analyses

General Chemical Parameters

Total general chemical parameters 0.5 400

Specific conductance 1.3 , 75

Total carbon 16.7 6

Total organic halides 1.1 91

Ammonia and Anions

Total ammonia and anions 0.6 459

Fluoride 1.2 81

Nitrogen in nitrate 1.2 81

Sulfate 1.2 85

Radiological Parameters

Total radiological parameters 0.9 1,128

Gross alpha 1.4 70

Gross beta 1.4 71

Iodine-129 5.9 34

Plutonium-239/240 8.3 12

Strontium-90 1.8 56

Technetium-99 1.5 68

Uranium-234 14.3 7

Uranium-235 14.3 7

Uranium-238 14.3 7

(a) For values fivezimes greater than the method detection limit, control limits for relative percent difference are 20% for gen-

eral chemical parameters, ammonia and anions, and radiological parameters.

Table B.18. Summary of Issue Resolution Forms Received for Fiscal Year 1999

Number

Issue of Occurrences

Hold time missed 34

Broken bottlesW 11

Missing samples(a3 6

Temperature deviation(') 7

pH variance(e) 3

Bottle sie/type (insufficient volume) 4

Chain of custody forms incomplete^') 16

Laboratory QC out of limits 29

Analytical preparation deviations 5

Method failures/discontinued analyses 7

(a) Issue always originated before samples were received at the laboratory
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Table 13.19. Summary of Quanterra Incorporated Detection/Quantitation Limits Determined from

Field Blanks Data

Number of Standard Limit of Limit of
Period Samples Mean Deviation Detection Quantitation

Constituent: Total.Organic Carbon (pg/L)

10/01/98 - 12/29/98. 22(a) 225.89 121.44 590(6) 1,440(") .
01/19/99 - 02/23/99 84) 325.47 80.80^ 568 1,133
02/24/99 - 03/18/99 12(a) 141.21 166.36 499W 1,664(°)
04/19/99 - 06/28/99 14(a) 163.03 156.78 470 1,568
07/14/99 - 08/24/99 13 122.89 115.37 346 1,154
Summary 69 190.55 165.93 400 1,334

Constituent: Total Organic Halides (Ng/L)

10/01/98 - 12/29/98 25 0.18 2.24 6.7(`) 22:4(c)
01/19/99 - 03/18/99 25(°) 1.37 1.40 4.2 14.0
04/19/99 - 06/28/99 16 -038 1.62 4.8 16.2
07/14/99 - 08/24/99 13 0.66 1.79 5.4 17.9

. . . Summary 79 0.52 1.81 5.4 18.1

Constituent: Antvnony-125 (pCi/L)

10/13/98 - 12/16/98 6 -1.52 3.43 10Z8(°) 34.26(c)
04/01/99 - 06/02/99 6 0.47 5.10 15.29 50.98
07/13/99 - 08/16/99 3 1.59 3.96 11.88 39.62
Summary 15 -0.10 4.28 12.8 42.8

Constituent: Cesium-134 (pCi/L)

10/13/98 - 12/16/98 6 -1.61 0.91 2.74(°) 9.14M
04/01/99 - 06/02/99 6 -0.29 0.81 2.43 8.09
07/13/99 - 08/16/99 3 -2.15 2.40 7.20 23.99
Summary 15 -1.19 1.26 3.77 12.57

Constituent: Cesium-137 (pCi/L)

10/13/98 - 12/16/98 6 0.92 0.54 1.62(°) 5.40W
04/01/99 - 06/02/99 6 0.01 133 3.98 13.28
07/13/99 - 08/16/99. 3 -0.54 1.06 3.19 10.63
Summary 15 0.26 1.02 3.07 10.22

Constituent: Cobalt-60 (pCi/L)

10/13/98 - 12/16/98 6 0.00 0.45 1:34(°) 4.46(c)
04/01/99 - 06/02/99 6 0.59 1.52 4.56 15.2
07/13/99 - 08/16/99 3 -0.23 1.09 3.27 10.89
Summary 15 0.19 1.11 3.34 11.5

Constituent Europium-154 (pCi/L)

10/13/98 - 12/16/98 6 0.13 3.23 9.695") 32.30(°)
04/01/99 - 06/02/99 6 1.14 2.64 7.91 26.37
07/13/99 - 08/16/99 3 -2.36 3.97 11.90 39.66
Summary 15 0.03 3.14 9.42 31.41

Constituent: Gross Alpha (pCi/L)

10/01/98 - 12/29/98 15 0.143 0.233 0.70(°) 2:33W
01/06/99 - 03/16/99 11 0.065 0.164 0.49 1.64
04/12/99 - 06/28/99 11 0.051 0.168 0.5 1.68
07/13/99 - 08/19/99 6 0.061 0.168 0.5 1.68
Summary 43 0.088 0.193 0.58 1.93
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Number of Standard Limit of Limit of
Period Samples Mean Deviation Detection Quantitation

Constituent: Gross Beta (pCi/L)

10/01/98 -12/29/98 14(a) 0.79 0.83 2.50(c) 8.3410
01/06/99 - 03/31/99 11 0.96 0.84 2.51 8.36
04/07/99 - 06/28/99 120 1.00 0.87 2.61 8.72
07/13/99 - 08/24/99 7 0.93 1.05 3.16 10.53
Summary 44 0.91 0.88 2.64 8.81

Constituent: Iodine-129 (pCi/L)

10/13/98 - 11/19/98 5 0.028 0.167 0.50W 1.67`)
01/06/99 - 03/16/99 3 0.045 0.097 0.29 0.97
04/12/99 - 06/23/99 5 0.001 0.056 0.17 0.56
07/13/99 - 07/14/99 2 0.059 0.022 0.07 0.22
Summary 15 0.026 0.114 0.34 1.14

Constituent: Strontium-90 (pC/L)

10/13/98 -12/16/98 6 0.096 0.145 0.43(°) 1.0°)

01/06/99 -02/01/99 . 3 -0.005 0.058 0.17 0.58

04/12/99 - 05/25/99 2 0.137 0.001 0.00 0.01
08/11/99 - 08/24/99 2 0.129 0.010 0.03 0.10

Summary 13 0.084 0.111 0.33 1.11

Constituent: Technetium-99 (pCi/L)

10/01/98 -12/29/98 8 3.01 3.41 10:23(°) . i^..^34.12(c)
02/01/99 - 03/31/99 3 11.60 7.81 23.43 78.09

04/07/99 - 06/23/99 7 1.67 4.32 12.95 43.16
07/13/99 - 08/24/99 5 -2.85 6.49 19.47 64-90

Summary 23 2.45 5.05 15.14 50.50

Constituent: Tritium (pCi/L)

10/13/98 - 12/29/98 15 188.4 162.2 486.5(^) 1,621:8^^)

01/06/99 - 03/16/99 1P) 169.4 71.5 214.4 714.7
04/01/99 - 06/23/99 12 76.4 83.8 251.5 838.3

07/13/99 - 08/24/99 7 146.9 153.8 461.4 1538.1

Summary 47 148.4 122.8 368.5 1,228.3

Constituent: Uranium (pg/L) . . .

10/01/98 - 12/29/98 6 0.0137 0.0141 0.056(s) 0.155(')

01/14/99 - 03/31/99 5 0.0104 0.0117 0.045 0-127

04/07/99 - 06/09/99 4 0.0079 0.0055 0.024 0.063

08/16/99 - 08/24/99 2 0.0030 0.0006 0.005 0.009

Summary 17 0.010 0.011 0.044 0.122

(a) Excluded outliers. . . .

(b) Limit of detection equals the mean blank concentration plus 3 standard deviations; limit of quantitation equals the mean

blank concentration plus 10 standard deviations.

(c) Limit of detection (blank corrected) equals 3 times the blank standard deviation; limit of quantitation (blank corrected)

equals 10 times the blank standard deviation. . . .

.
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Table B.20. Summary of Quanterra Incorporated, St. Louis Detection and Quantitation Limits

^

b7
i.+
^

^

. .. . . . Initial Initial Initial EndingValues, Ending Ending Ending

Method Constituent MDLi'? (µg/L) LOD (µg/L ) LOQ (FIg/L) Effective Date MDL(') (µg/L) LOD (µg/L) LOQ (µg/L)

General Chemical Parameters

EPA-600/4-81-004, 160.1 Total dissolved solids 4,228 5,713 19,042

EPA-600/4-81-004,310.1 Alkalinity 299 404 1,347 11/16/98 2230 3013 10044

EPA-600/4-81-004, 410.4 Chemical oxygen demand 3,819 5,160 17,200

EPA-600/4-81-004, 413.1 Oil and grease 699 944 3,148

Ammonia and Anions

EPA-600/4-81-004,300.0 Bromide 15 20.3 67.6 12/22/98 17.4 23.5 78.4

EPA-600/4-81-004, 300.0 Chloride 35 47.3 157.6 12/22/98 34.6 46.8 155.8

EPA-600/4-81-004, 300.0 Fluoride 12 16.2 54.0 12/22/98 10.4 14.1 46.8

EPA-600/4-81-004, 300.0 Nitrogen in nitrate 2 2:7 9.0 12/22/98 10.6 14.3 47.7

EPA-600/4-81-004, 300.0 Nitrogen in nitrite 17 23.0 76.6 12/22/98 7.4 10.0 33.3

EPA-600/4-81-004,300.0 P4rosphate 42 56.7 189 12/22/98 34.8 47.0 157

EPA-600/4-81-004,300.0 Sulfate 97 131 437 12/22/98 108 146 486

EPA-600/4-81-004, 350.1 Nitrogen in ammonia 8.76 11.8 39.5 12/10/98 30.1 40.67 135.6

SW-846, 9012 Cyanide 1.33 1.80 5.99 12/7/98 1.59 2.15 7.16

Metals

SW<846, 6010 Aluminum 38 51.3 171 7/25/99 26.5 35.8 119

SW-846, 6010 Antimony 27.3 36.9 123 7/25/99 19.7 26.6 88.7

SW-846, 6010 Barium 1.1 1.5 5.0 7/25/99 0.9 1.2 4.1

SW-846, 6010 Beryllium 0.7 0.9 3.2 7/25/99 0.2 0.3 0.9

SW-846,.6010 Cadmium 2.2 3.0 9.9 . 7/25/99 2 2.7 9.0

SW-846, 6010 Calcium 124.5 168.2 560.7 7/25/99 65.3 88.2 294

SW-846, 6010 Chromium 2.7 3.6 12.2 7/25/99 2.7 3.6 12.2

SW-846, 6010 Cobalt 2.3 3.1 10.4 7/25/99 2.5 3.4 11.3

SW-846, 6010 Copper 2.3 3.1 10.4 7/25/99 4 5.4 1810

SW-846, 6010 Iron 35.6 48.1 160 7/25/99 30.3 40.9 137

SW-846, 6010 Lead 37.3 50.4 168 7/25/99 9 12.2 40.5

SW-846, 6010 Magnesium 34.1 46.1 154 7/25/99 100.7 136.1 453.5

SW-846, 6010 Manganese 0.7 0.9 3.2 7/25/99 0.5 0.7 2.3

SW-846, 6010 Nickel 143 193 64.4 7/25/99 10 13.5 45.0

SW-846, 6010 Potassium 1,677.6 2,266.7 7,555.7 7/25/99 576 778 2,594

SW-846, 6010 Silver 3.8 5.1 17.1 7/25/99 8 10.8 36.0

SW-846, 6010 Sodium 119.8 161.9 539.6 7/25/99 44.2 59.7 199

SW-846, 6010 Strontium (elemental) 0.7 . 0.9 3.2 7/25/99 0.4 0.5 1.8

SW<846, 6010 Tin 70 94.6 315 7/25/99 27 36.5 122

SW-846, 6010 Vanadium 3.7 5.0 16.7 7/25/99 4-7 6.4 21.2

SW-846,6010 Zinc 4.1 5.5 18.5 7/25/99 4.2 5.7 . . 18.9
m
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Table B.20. (contd)

Initial Initial Initial Ending Values,

Constituen t MDLi°i (µg/L) LOD (pg/L) LOQ (µg/L ) Effective Date

Ending Ending Ending

MDU°i (pg/L) LOD (pg/L) LOQ (µg/L)

SW-846, 7060 Arsenic 2 2.70 9.01

SW-846, 7131 Cadmium 0.2 0.27 0.90

SW-846, 7191 Chromium 0.3 0.41 1,35

SW-846, 7421 Lead 0.8 1.08 3.60

SW-846, 7470 Mercury 0.011 0.015 0.050 . . .. .

SW-846, 7740 Selenium 0.9 1.22 4.05

SW-846, 7841 Thallium 0.6 0.81 2.70 .

. . Volatile Organic Compounds

SW-846,8010 1,1,1-Trichloroethane 0.028 0.038 0.126

SW-846, 8010 1,1,2-Trichloroethane 0.036 0.049 0.162

SW-846, 8010 1,1-Dichloroerhane 0.024 0,032 0.108

SW-846,8010 1,2-Dichloroethane 0.018 0.024 0.081

SW-846,8010 1,4<Dichlorobenzene 0.026 0.035 0.117

SW-846; 8010 Carbon tetrachloride 0.025 0.034 0.113

SW-846, 8010 Chloroform 0.028 0.038 0.126

SW-846,8010 cis.1,2-Dichlorocthylene 0.025 0.034 0.113

SW-846, 8010 Methylene chloride 0,207 0.280 0.932

SW-846,8010 Tetrachloroethylene 0.031 0.042 0.140

SW-846, 8010 transd,2,Dichloroethylene 0.031 0.042 0.140

SW-846,8010 Trichloroethylene 0.028 0.038 0.126

SW-846, 8010 Vinyl chloride 0.294 0.397 1.324

SW-846,8020 1,4-Dichlorobenzene 0.028 0.038 0.126 11/16/98 0.52 0.703 2.342

SW-846, 8020 Benzene 0.042 0.057 0.189 11/16/98 0.26 0.351 1.171

SW-846,8020 Ethylbenzene 0.033 0.045 0.149 11/16/98 0.31 0.419 1.396

SW-846, 8020 Toluene 0.089 0.120 0.401 11/16/98 0.81 1.094 3.648

SW-846, 8020 Xylenes (total) 0.065 0.088 0.293 11/16/98 0.59 0.797 2.657

SW-846, 8260 1,1,1,2-Tetrachloroethane 0.1134 0,153 0.511 1/27/99 0.2 0.270 0.901

SW-846, 8260 1,1,1-Trichloxoethane 0.178 0.241 0.802 1/27/99 0.14 0.189 0.631

SW-846, 8260 1,1,2,2-Tetrachloroethane 0.3 0.405 1.351 1/27/99 0.13 0.176 0.586

SW-846, 8260 1,1,2-1richloroethanc 0.1 0.135 0.450 1/27/99 0.23 0.311 1.036

SW-846,8260 1,1-Dichlorocthane 0.2 0.270 0.901 1/27/99 0.13 0.176 0.586

SW-846,8260 1,1-Dichloroethylene 0.194 0.262 0.874 1/27/99 0.15 0.203 0.676

SW-846, 8260 1,2,3-Trichloropropane 0.1546 0.209 0.696 1/27/99 . .. 0.24 0.324 1.081

SW-846, 8260 1,2-Dibromo-3.chloropropane 0.24 0.324 1.081 1/27/99 0.32 . .. 0.432 1.441

SW-846, 8260 1,2-Dibromoethane 0.068 0.092 0,306 1/27/99 0.13 0.176 0.586

SW-846,8260 1,2-Dichlorocthane 0.144 0.195 0.649 1/27/99 0.14 0.189 0.631

SW-846, 8260 1,2-Dichloroethylene (total) 0.1028 0.139 0.463 1/27/99 0.24 0.324 1.081

SW-846,8260 1,2-Dichloropropane 02 0.270 0.901 1/27/99 0.1 0.135 0.450

^ ^^^_ . . . . .. . .
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Table B.20. (contd)

w
w

^

Initial Initial Initial ' Ending Values, Ending Ending Ending

Method Cons tituent MDL(') (µg/L) LOD (µg/L) LOQ (µg/L) Effective Date MDLi°i (µg/L) LOD (pg/L) LOQ (µg/L)

SW-846,8260 1,4-Dichlorobenzene 0.184 0,249 0.829 1/27/99 0.17 0.230 0.766

SW-846, 8260 1-Butanol 2.52 3.405 11.35 1/27/99 7 9.458 31.53

SW-846, 8260 2-Butanone 0.42 0.567 1.892 1/27/99 0.89 1.203 4.008

SW-846,8260 2-Hcxanone 0.36 0.486 1.621 1/27/99 0.44 0.595 1.982

SW-846,8260 4-Methy1-2-pentanone 0.19 0.257 0.856 1/27/99 0.15 0.203 0.676

SW-846,8260 Acetone 1.94 2.621 8.737 1/27/99 0.33 0.446 1.486

SW846, 8260 Acetonitrile 4.7 6350 21.17 1/27/99 4.4 5.945 19.82

SW-846, 8260 Acrolein 4.28 5.783 19.28 1/27/99 5.07 6.850 22.83

SW-846, 8260 Acrylonitrile 1.7 2.297 7.66 1/27/99 1.01 1.365 4.55

SW-846, 8260 Benzene 0.168 0.227 0.757 1/27/99 0.13 0.176 0.586

SW-846,8260 Bromodichloromethane 0.0998 0.135 0.449 1/27/99 0.08 0.108 0.360

.SW-846,8260 Bromoform 0.072 0.097 0324 1/27/99 0.14 0.189 0.631

SW-846, 8260 Bromomethane 0.28 0.378 1.261 1/27/99 0.11 0.149 0.495

SW-846, 8260 Carbon disulfide 0.148 0.200 0.667 1/27/99 0.13 0.176 0.586

SW-846,8260 Carbon tetrachloride 0.142 0.192 0.640 1/27/99 0.15 0.203 0.676

SW-846,8260 Chlorobenzene 0.15 0.203 0.676 1/27/99 0.25 0.338 1.126

SW-846,8260 Chloroethane 0.2 0.270 0.901 1/27/99 0.23 0311 1.036

SW-846, 8260 Chloroform 0.172 0.232 0.775 1/27/99 0.09 0.122 0.405

SW-846; 8260 Chlotomethane 0.66 0.892 2.973 1/27/99 0.03 0.041 0.135

SW-846, 8260 cis-1,2-Dichloroethylene 0.1 0.135 0.450 1/27/99 0.15 0.203 0.676

SW-846,8260 cis-1,3-Dichloropropene 0.102 0,138 0.459 1/27/99 0.07 0.095 0.315

SW-846,8260 Dibromochloromethane 0.066 0.089 0.297 1/27/99 0.16 0.216 0.721

SW-846,8260 Dichlorodifluoromethane 0.4626 0.625 2.083 1/27/99 0.21 0.284 0.946

SW-846,8260 Ethyl cyanide 0.96 1.297 4.324 1/27/99 1.47 1.986 6.621

SW-846, 8260 Ethylbenzene 0.26 0.351 1.171 1/27/99 0.23 0.311 1.036

SW-846, 8260 Methylene chloride 0.76 1.027 3.423 1/27/99 0.41 0.554 1.847
SW-846,8260 Styrene 0.128 0.173 0.576 1/27/99 0.17 0.230 0.766

SW-846, 8260 Tetrachloroethylene 0.184 0.249 0.829 1/27/99 0.29 0.392 1.306

SW-846,8260 . Tetrahydrofuran 1.96 2.648 8.828 1/27/99 1.57 2.121 7.071

SW-846, 8260 Toluene 0.158 0.213 0.712 1/27/99 0.26 0.351 1.171

SW-846,8260 trans-1,2Dichloroethylene 0.13 0.176 0.586 1/27/99 0.11 0.149 0.495

SW-846,8260 trans-l,3-Dichloropropene 0.058 0.078 0.261 1/27/99 0.2 0.270 0.901

SW-846, 8260 Trichloroethylene 0.4 0.540 1.802 1/27/99 0.16 0.216 0.721

SW-846,8260 Trichloromonofluorotnethane 0.406 0.549 1.829 1/27/99 0.13 0.176 0.586

SW-846,8260 Vinylacetate 0.72 0.973 3.243 1/27/99 0.17 0.230 0.766

SW-846,8260 Vinyl chloride 0.68 0.919 3.063 1/27/99 0.1 0.135 0.450

SW-846; 8260 Xylencs (total) 0.142 0.192 0.640 1/27/99 0.79 1.067 3,558

w



Table B.20. (contd)

^
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Initial Initial Initial Ending Values, Ending Endi Ending

Metho d Constitu eri t MDL(') ( pg/L)
-- - -

LOD (m/L)
-

LOQ (
^

/L)
-

Effective Date MDL (pg/L)

^)
LOD ( LOQ (pg/L)

.
Semivolatile Organic Compounds

.
-

SW-846, 8040 2,3,4,6-Tetrachlorophenol 1.43 1.93 6.44 11/12/98 2.09 2.82 9.41

SW-846, 8040 2,4,5-Trichlorophenol 1.81 2.44 8.14 11/12/98 4.7 6.35 21:2

SW-846, 8040 2,4,6-Tricldorophenol 2.42 3.27 10.9 11/12/98 4.96 6.70 22.3

SW-846, 8040 2,4-Dichlorophenol 1.93 2.60 8.67 11/12/98 1.23 1.66 5.54

SW-846, 8040 2,4-Dimethylphenol 1.82 2.46 8.18 11/12/98 2.87 3.88 12.9

SW-846,8040 2,4-Dinitrophenol 0.53 0.72 2.39 11/12/98 1.82 2.46 8.20

SW-846,8040 2,6-Dichlorophenol 1.90 2.57 8.57 11/12/98 1.1 1.49 4.95

SW-846, 8040 2-Chlorophenol 1.94 2.62 8.75 11/12/98 2.13 2.88 9.59

SW-846, 8040 2-Methylphenol (cresol, o-) 1.79 2.42 8.06 11/12/98 2.43 ., . 3.28 10.9

SW-846, 8040 2>Nitrophenol 1.51 2.04 6.80 11/12/98 1.92 2.59 8.65

SW-846, 8040 2-sccButyl-4,6-dinitrophenol 0.52 0.71 2.35 11/12/98 2 2.70 .9.01

.. . (DNBP) . ' . . . . .

SW-846, 8040 3,4 methyl phenol 3.54 4.79 15.96

SW-846,8040 4,6-Dinitro-2-methylphenol 0.46 0.63 2.09 11/12/98 1.36 1.84 6.13

SW-846,8040 4-Chioro-3-methylphcnol 2.03 2.75 9.15 11/12/98 1.01 1.37 4.55

SW-846, 8040 4-Nitrophenol 0.70 0.94 3.14 11/12/98 0.92 1.24 4.14

SW-846, 8040 Pentachlorophenol 2.16 2.92 9.72 11/12/98 1.5 2.03 6.76

SW-846, 8040 Phenol . . . . 0.94 1.28 4.25 11/12/98 0.54 0.73 2.43

SW-846, 8080 4,4'-DDD 0.007 0.009 0.032

SW-846; 8080 4,4'-DDE 0.005 0.007 0.023 . . . .

SW-846, 8080 4,4'-DDT 0.01 0.014 0.045

SW-846, 8080 Aldrin . 0.011 0.015 0.050

SW-846, 8080 Alpha-BHC 0.006 0.008 0.027

SW-846, 8080 Aroclor-1016 0.08 0,108 0.36,0

SW-846, 8080 Aroclor-1221 0.08 0.108 0.360

SW-846, 8080 Aroclor-1232 0.08 0.108 0.360

SW-846, 8080 Arocloa1242 0.08 0.108 0.360

SW-846,8080 Araclor-1248 0.08 0.108 0.360

SW-846, 8080 Aroclor-1254 0.03 0.041 0.135

SW-846, 8080 Aroclor-1260 0.03 0.041 0.135

SW-846, 8080 Beta-BHC 0.019 0.026 0.086

SW-846, 8080 Chlordane 0.098 0.132 0.441

SW-846, 8080 Delta-BHC 0.004 0.005 0.018

SW-846, 8080 Dieldrin 0.008 0.011 0.036

SW-846, 8080 Endosulfan 1 0.007 0.009 0.032

SW-846, 8080 Endosul{an lI 0.009 0.012 0.041

SW-846,8080 Endosulfan sulfate 0.039 0.053 0.176

<
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Method

SW-846, 8080
SW-846, 8080

SW-846, 8080
SW-846, 8080
SW-846, 8080
SW-846, 8080
SW-846, 8080
SW-846, 8150
SW-846, 8150

SW-846, 8150

SW-846, 8150

SW-846, 8270
SW-846, 8270

SW,846, 8270
SW-846, 8270
SW-846, 8270
SW-846, 8270
SW-846, 8270
SW-846, 8270
SW-846, 8270
SW-846, 8270
SW-846, 8270
SW-846, 8270
SW-846, 8270
SW-846, 8270
SW-846, 8270
SW-846, 8270
SW-846, 8270
SW-846, 8270
SW-846, 8270
SW-846, 8270
SW-846,8270

SW-846, 8270

SW-846, 8270
SW-846, 8270
SW-846, 8270
SW-846, 8270

Table B.20. (contd)

Initial Initial Initial Ending Values, Ending Ending Ending
Constituent MDU11 (pg/L) LOD (pg/L) LOQ (µg/L) Effective Date MDLi^) (µg/L) LOD (µg/L) LOQ (µg/L)

Endrin 0.005 0.007 0.023
Endrin aldehyde 0.01 0.014 0.045
Gamma-BHC (Lindane) 0.009 0.012 0.041
Heptachlor 0.011 0.015 0.050
Heptachlor epoxide 0.005 0.007 0.023
Methoxychlor 0.017 0.023 0.077
Toxaphene 0.136 0.184 0.613
2,4,5-T 0.257 0.347 1.157
2,4,5-TP 0.064 0.086 0.288
2,4-Dichlorophenoxyaceticac id 3.98 5.38 17.9
2-secButyl-4,6-dinitrophenol 0.095 0.128 0.428
(DNBP)

1,2;4,5-Tetrachlorobenzene 4.9 6.62 22.1 11/17/98 1.03 1.39 4.64
1,2,4-Trichlorobenzene 1.13 1.53 5.09 11/17/98 0.97 1.31 4.37
1,2-Dichlorobenzene 1.07 1.45 4.82 11/17/98 0.89 1.20 4.01
1,3-Dich1orobenzene 1.51 2.04 6.80 11/17/98 0.9 1.22 4.05
1,4-Dichlorobenzene 0.959 1.30 4.32 11/17/98 0.93 1.26 4.19
1,4-Naphthoquinone 1.9 2.57 8.56
LNaphthylamine 4.4 5.95 19.8
2,2'-Oxybis(1-chloropropane) 1.59 2.15 7.16 11/17/98 1.18 1.59. 5.31
2,3,4,6-Tetrachlorophenol 3.7 5.00 16.7
2,4,5-Trichlorophenol 1.15 1.55 5.18 11/17/98 0.78 1.05 3.51
2,4,6-Trichlorophenol 1.55 2.09 6.98 11/17/98 0.66 0.89 2.97
2,4-Dichlorophenol 1.53 2.07 6.89 11/17/98 1 1.35 4.50
2,4-Dinrcthylphenol 1.36 1.84 6.13 11/17/98 0.97 1.31 4.37
2,4-Dinitrophenol 1.15 1.55 5.18- 11/17/98 0,97 1.31 4.37
2,4-Dinitrotoluene 0.949 1.28 4.27 11/17/98 0.68 0.92 3.06
2,6-Dichlorophenol 5 6.76 22.5
2,6-Dinitrotoluene 0.968 1.31 4.36 11/17/98 0.71 0.96 3.20
2-Acetylaminofluorcnc 4.3 5.81 19.4
2-Chloronaphthalenc 1.65 2.23 7.43 11/17/98 0.98 1.32 4.41
2-Chlorophenol 1.07 1.45 4.82 11/17/98 1.12 1.51 5.04
2-Methy1riaphthalene 1.25 1.69 5.63 11/17/98 1 1.35 4.50
2-Methylphenol (cresol, o-) 0.854 1.15 3.85 11/17/98 1 1.35 4.50
2-Naphthylamine 4.4 5.95 19.8
2-Nitroaniline 1.07 1.45 4.82 11/17/98 0.59 0.80 2.66
2-Nitrophenol 1.22 1.65 5.49 11/17/98 1.18 1.59 5.31
2-Picoline 5.7 7.70 25.7

^
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Method

SW-846,8270

SW-846,8270
SW-846, 8270
SW-846, 8270
SW-846, 8270
SW-846, 8270
SW-846, 8270
SW-846, 8270
SW-846, 8270
SW-846,8270
SW-846, 8270

SW-846, 8270

SW-846, 8270
SW-846, 8270
SW-846, 8270
SW-846,8270
SW-846,8270
SW-846, 8270

SW-846, 8270

SW-846; 8270

SW-846, 8270

SW-846, 8270
SW-846, 8270

SW846, 8270
SW-846, 8270

SW-846, 8270
SW-846,
8270SW-846,8270

SW-846, 8270

SW-846,
8270SW-846,8270
SW-846, 8270
SW-846, 8270

SW-846, 8270

SW-846, 8270

SW-846, 8270

SW-846, 8270

Table B.20. (contd)

Initial Initial Initial Ending Values, Ending Ending Ending

Constituent MDU" ( µg/L) LOD ( pg/L) LOQ ( µg/L) Effective Date MDLi°i (µg/L) LOD ( pg/L) LOQ (pg/L)

2-secButylL4,6-dinitrophenol 4.2 5.67 18.9

.(DNBP) .. .
3,3'-Dichlorobenzidine 1.046 1.41 4.71 11/17/98 0.55 0.74 2.48

3-Methylcholanthrene 17 23.0 76.6

3-Nittoaniline 0.998 1.35 4.49 11/17/98 0.5 0.68 2.25

4,6-Dinitro-2-methylphenol 0.459 0.62 2.07 11/17/98 1.74 2.35 7.84

4-Aminobiphenyl 3.7 5.00 16.7

4-Bromophenylphenylether 1.44 1.95 6.49 11/17/98 0.78 1.05 3.51

4-Chloro-3-methylphenol 1.44 1.95 6.49 11/17/98 0.84 1.13 3.78

4-Chloroaniline 1.37 1.85 6.17 11/17/98 0.88 1.19 3.96

4-Chlorophenylphenylether 1.18 1.59 5.31 11/17/98 1.02 1.38 4.59

4-Methylphenol ( cresol, p-) 0.735 0.99 331 11/17/98 0.77 1.04 3.47

4-Nitroaniline 0.532 0.72 2.40 11/17/98 0.87 1.18 3.92

4-Nitrophenol 0.845 1.14 3.81 11/17/98 0.48 0.65 2.16

4-Nitroquinoline4,oxide 2.8 3.78 12.6

5-Nitro-o-toluidine 4.4 5.95 19.8

7,12-Dimethylbenz[a]anthracene 4.4 5.95 19.8

Acenaphthene 1.1 1.49 4.95 11/17/98 0.87 1.18 3.92

Acenaphthylene 1.3 1.76 5.86 11/17/98 0.98 1.32 4.41

Acetophenone 3.4 4.59 15.3

alpha,alpha-Dimethylphene- 50 67.6 225

thylamine
Aniline 0.977 1.32 4.40 11/17/98 0.87 1.18 3.92

Anthracene . . . 0.929 1.26 4.18 11/17/98 0.48 0.65 2.16

Azobenzene 0.736 0.99 3.31 11/17/98 0.45 0.61 2.03

Benzidine 2.52 3.40 11.4 11/17/98 0.87 1.18 3.92

Benzo(a)anrhracene 0.258 0.35 1.16 11/17/98 0.58 0.78 2.61

Benzo(a)pyrene 0.585 0.79 2.63 11/17/98 0.6 0.81 2.70

Benzo(b)Iluoranthene 0.462 0.62 2.08 11/17/98 0.88 1.19 3.96

Benzo(ghi)perylene 0.938 1.27 4.22 11/17/98 0.95 1.28 4.28

Benzo(k)fluoranthene 0.869 1.17 3.91 11/17/98 0.74 1.00 3.33

Benzoic acid 28 37.8 126 11/17/98 0.96 1.30 4.32

Benzyl alcohol 0.917 1.24 4.13 11/17/98 1.1 1.49 4.95

Bis(2-Chloroethoxy)methane 1.2 1.62 5.40 11/17/98 1.14 1.54 5.13

Bis(2-chloroethyl) ether 0.518 0.70 2.33 11/17/98 1.12 1.51 5.04

Bis(2-ethylhexyl)phthalate 0.45 0.61 2.03 11/17/98 1.29 1.74 5.81

Butylbenzylphthalatc 0.484 0.65 2.18 11/17/98 0.72 0.97 3.24

Carbazolc 1.392 1.88 6.27

Chlorobenzilate 4.1 5.54 18.5 . .

\_ l
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Table B.20. (contd)

m
w
:c

^

Method

SW-846, 8270
SW-846, 8270
SW-846,8270

SW-846,8270SW-846,
8270

SW-846, 8270
SW-846, 8270
SW-846,8270
SW-846,8270
SW-846, 8270
SW-846,8270
SW-846, 8270
SW-846, 8270
SW-846, 8270

SW-846;8270

SW-846, 8270

SW-846, 8270
SW-846, 8270
SW-846, 8270

SW-846, 8270
SW-846, 8270
SW-846,8270
SW-846, 8270

SW-846, 8270

SW-846, 8270

SW-846,8270
SW-846, 8270

SW-846, 8270
SW-846, 8270

SW-846, 8270
SW-846, 8270
SW-846, 8270
SW-846, 8270

SW-846, 8270

SW-846, 8270

SW-846, 8270

SW-846, 8270
SW-846, 8270
SW-846, 8270

Constituent

Chtysene

Di-n-butylphthalate

Di-n-octylphthalate

Diallate

Dibenz[a,h]anthracene

Dibenzofuran
Diethylphthalatc
Dimethoate
Dimethyl phthalate
Disulfoton

Ethyl methanesulfonate
Famphur
Fluoranthene

Fluorene

Hexachlorobenzene'-

Hexachlorobutadiene

HexachlolocyclopentadieneHexachloroethane

Hexachlorophene

He8achloropropene

Indeno(1,2,3-cd)pyr6ne

Isodrin

Isophorone

Isosafrole

lCepone

m-Dinitrobenzene

Methapyrilene

Methyl methanesulfonate

Methyl parathion

N-N itroso-di-n-dipropylamin

N-N itrosodi-n-butylaminc

N-Nitrosodiethylamine

N-N itrosodimethylamine

N-Nitrosodiphenylamine

N-Nitrosomethylethylamine

N-Nitrosomorpholine

N-Nitrosopiperidine

Naphthalene

Nitrobenzene

Initial Initial

MDL(') (µg/L) LOD (gg/L)

0.229 0.31
0.823 1.11
0.426 0.58
7.3 9.86
0.74 1.00

1.19 1.61
0.789 1.07
3.7 5.00
0.98 1.32
3.3 4.46
3.3 4.46

49 66.21
0.135 0.18
0.846 1.14
1.57 2.12
1.98 2.68

1.66 2.24
1.42 1.92

100 135
5.2 7.03
0.841 1.14
4.1 5.54
1.03 1.39

4.1 5.54

30 40.5

3.8 5.13
26 35.1
1.5 2.03
3.5 4:73
2.22 3.00
5.3 7.16
2.9 3.92

1,86 2.51

0.588 0.79

5.2 7.03

2.9 3.92
4.2 5.67

1,59 2.15
1.19

e

1.61

Initial
LOQ (µg/L)

1.03
3.71
1.92

32.9
3.33
5.36
3.55

16.7

4.41
14.9
14.9

221
0.61
3.81

7.07

8.92

7.48
6.40

450
23.4
3.79

18.5

4.64
18.5

135

17.1
117

6.76
15.8

10.0
23.9
13.1
8.38

2.65

23.4

13.1
18.9

7.16
5.36

Ending Values, Ending Ending

Effective Date MDLW (µg/L) LOD (pg/L)

11/17/98 0.42 0.57
11/17/98 1.05 1.42
11/17/98 1.35 1.82

11/17/98 1.43 1.93
11/17/98 0.77 1.04
11/17/98 1.5 2.03

11/17/98 3.04 4.11

Ending
LOQ (µg/L)

1.89

4.73
6.08

6.44
3.47
6.76

13.7

11/17/98 0.6 0.81 2.70
11/17/98 0.72 0.97 3.24
11/17/98 0.58 0.78 2.61

11/17/98 0.91 1.23 4.10
11/17/98 0.91 1.23 4.10
11/17/98 0.86 1.16 3.87

11/17/98 0.61 0.82 2.75

11/17/98 0.86 1.16 3.87

11/17/98 0.9

11/17/98 0.74
11/17/98 0.45

11/17/98 1.09

1.22 4.05

1.00 3.33

0.61 2.03

1.47 4.91

^

m



cl
0̂

I
Table B.20. (contd)

Initial Initial Initial Ending Values, Ending Ending Ending

Method Constituent MDL(') (pg/L) LOD (pg/L) LOQ (µg/L) Effective Date MDU') (pg/L) LOD (pg/L) LOQ (µg/L)

SW-846, 8270 Nitrosopyrrolidine 3.2 4.32 14.4

SW-846, 8270 O,O,O-Triethyl phosphato- 5 6.76 22.5

thioate

SW-846, 8270 O,O-Diethyl 0-2-pymzinyl 3.5 4.73 15.8

phosphorothioate

SW-846, 8270 o-Toluidine 3.2 4.32 14.4

SW-846, 8270 p-Dimethylaminoazobenzene 4.8 6.49 21.6

SW-846, 8270 p-Phenylenediamine 100 135 450

SW-846, 8270 Parathion . . . 3.7 5.00 16.7

SW-846, 8270 Pentachlorobenzene 3.4 4.59 15.3

SW-846,$270 Pentachloronitrobenzene 4 5.40 18.0

.. (PCNB) .

p SW-846, 8270 Pentachlorophenol 0.84 1.13 3.78 11/17/98 0.87 1.18 3.92

- SW-846, 8270 Phenacetin 3.5 4.73 15.8 . .

SW-846,.8270 Phenanthrene 0.679 0.92 3.06 11/17/98 0.46 0.62. 2.07

SW,846, 8270 Phenol 0.7 0.95 3.15 11/17/98 0.55 0.74 2.48

SW-846, 8270 Phorate 4.2 5.67 18.9

SW-846, 8270 Pronamide 3.9 5.27 17.6

SW-846, 8270 Pyrene 0.521 0.70 2.35.-- 11/17/98 0.71 0.96 3.20

SW-846,8270 Pyridine 0.96 1.30 4.32

SW-846, 8270 Safrol 4.4 5.95 19.8

SW-846, 8270 sym-Ttinitrobenzene 22 29.7 99.1

SW-846, 8270 Tetraethyl dithiopytophosphate 4.6 6.22 20.7

SW-846, 8270 . . . Tributyl phosphate 21 28.4 94.6

(a) MDLs for many constituents changed during the fiscal year. For these constituents, the initial MDL, LOD, and LOQ were in effect until the date the values were updated (ending values,

effective date). In cases where the MDL did not change, no ending values are listed. . . ...

MDL - Method detection limit. . . .

. LOD = Limit of detection.

..
LOQ = Limit of quantitation.

.
. .
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