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1.0 INTRODUCTION

The Tennessee Department of Health and Environment (TDHE) Rules Governing

Hazardous Waste Management require that specific ground-water information for interim

status units be reported in conjunction with the annual hazardous waste treatment, storage,

and disposal report (TN 1200-1-11-.05(6)(e)1 and 2). To be included in the report are the

data from annual/setmannual ground-water sampling, results of statistical analyses, and an

evaluation of ground-water surface elevations for units in detection monitoring. This report

prepared by Geraghty & Miller, Inc. (Geraghty & Miller) fulfills these reporting

requirements for interim status units in detection monitoring.

Martin Marietta Energy Systems, Inc. manages the K-25 Site in Oak Ridge,

Tennessee for the Department of Energy. Two interim status units at K-25 require

O ground-water monitoring, the K- 1407-B and K- 1407-C Holding Ponds (Figure 1). Both
of these units were surface impoundments that have been drained and the waste sludges

removed in response to the November 8, 1988, interim status closure milestone. The

K-1407-C Pond was drained in mid-1987 and sludge removal activities were completed

in November of 1988. The K-1407-B Pond was drained in October 1988, and sludge

removal activities were completed in August of 1989. Both units have undergone soil

sampling to verify complete sludge removal which would allow them to be "clean closed"

under interim status regulations. Analytical results of soil samples from K- 1407-C Pond

are currently being evaluated and soil samples from K-1407-B Pond arc undergoing

laboratory analysis at this time.

This report presents the results of the ground-water monitoring conducted at each

unit in compliance with interim status regulations. The statistical analyses contained in this

report were performed by Sherry Williams of the K-25 Statistical Analysis organization.
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O 2.0 HYDROGEOLDGY

The K-1407-B and K-1407-C Ponds occupy a small valley, the K-1700 watershed,

that drains the northeastern corner of the K-25 Site in a westerly direction then on

northward to Poplar Creek. The hydrogeologic framework consists of two parts: an upper

unconsolidated zone and a lower bedrock zone. The unconsolidated zone consists of fill

material, alluvium, and residuum of weathered bedrock. Bedrock consists of limestones

and shales (Figure 2). The thickness of the unconsolidated zone in the area of the ponds,

based on depth of penetration of the monitor wells, ranges in thickness from 11 to 40 ft.

Ground water in the area is derived from local precipitation that infiltrates the upper

unconsolidated material and in some areas moves into the underlying bedrock. Ground

water flows from areas of recharge along relatively short and shallow flow paths toward

O areas of discharge. Ground-water flow in the upper unconsolidated zone is strongly
controlled by surface topography. Ground-water occurrence and movement in the bedrock

is largely dependent on the presence of bedding planes, joints, fractures, and solution

cavities. Additional information on the hydrogeology of the K-1407 area is contained in

Haymore et al. (1988) and Geraghty & Miller (1989).
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3.0 K- 1407-B POND

The K-1407-B Pond is located immediately south of the K-1700 stream

(Mitchell Creek) in the northeastern portion of the K-25 Site (Figure 3). This unit was

a 2.3 million gallon surface impoundment that served as a settling pond for precipitates

from neutralized metals, cleaning solutions, uranium decontamination solutions, and

neutralized coal pile runoff. As stated previously, the pond has been drained and sludge

removal activities have been completed at this unit.

3.1 MONITOR-WELL NETWORK

The monitor-well network for the K-1407-B Pond consist of five unconsolidated

zone wells designated UNW-1 through UNW-5 (Figure 3). The wells were installed in

October of 1985 under the supervision of Geraghty & Miller. Lithologic logs and well

O construction diagrams are contained in Appendix A and Appendix B, respectively.

3.2 1990 GROUND-WATER DATA

A false-positive ground-water assessment for K-1407-B Pond was conducted from

November 1987 through December 1988 in response to statistically significant increases in

specific conductance at one downgradient well and total organic halogens (TOX) at

another. The false-positive assessment was approved by the TDHE on March I0, 1989.

Also approved was a change from assessment monitoring to a modified detection program

(Appendix E). This modified detection program was designed to avoid false-positive

indications from specific conductance increases, which were demonstrated to be caused by

nonhazardous constituents, and from TOR increases, which were demonstrated to be

attributable to sources other than the regulated unit.

The modified detection monitoring program at the K-1407-B Pond requires

semiannual monitoring of metal concentrations in addition to the interim status detection
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monitoring parameters (Table 1). The 1990 monitoring program also included analysis

of organic constituents and selected radiochemical parameters as well as the requix-ed

modified detection monitoring parameters. This level of monitoring, which exceeds

regulatory, requirements, was conducted to provide inforrnation to the K-25 Environmental

Restoration Progam.

A listing of the 1990 ground-water quality data for the K-1407-B Pond is

contained in Appendix C. The semiannual sampling was conducted in March and

September during 1990.

3.3 GROUND-WATER SURFACE ELEVATIONS

Ground-water surface elevations for the two 1990 semi-annual sampling events

at K-1407-B Pond am listed in Table 2 and illustrated on Figures 3 and 4. There were

O no significant changes in the ground-water elevations, and UNW-1 remains the

upgradient well for the unit.

Historically, the water level in well UNW-5 was consistently higher than the

water surface elevation of the K-I407-B Pond; the water-level elevation at UNW-5 has

not changed significantly with the draining of the pond. These conditions indicate that

the well is indeed upgradient of the pond. However, ground-water quality at UNW-5 has

been adversely affected by organic constituents. As discussed in the false-positive

justification, these conditions strongly support the premise that organic contamination

near K-1407-B Pond originates at sources other than the regulated unit. Data produced

at locations upgradient from the pond under the Environmental Restoration Program also

support this premise and are being used to identify the source or sources of the

contamination.
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3.4 STATISTICAL ANALYSES

Statistical analyses of indicator parameters and individual metals were conducted

for the March and September sampling events. In accordance with the approved modified

detection program, specific conductance was analyzed statistically on a within-well basis

only and statistical analysis of TOX was not conducted. Any metal that exceeded a primary

or secondary drinking water standard was analyzed statistically against its background

pool. Ali statistical analyses were conducted using the Student's t-test at a 0.01 level of

significance. As described in the false-positive assessment report (Haymore et al. 1988),

UNW-5 was considered a downgradient well for statistical purposes (even though

Figures 3 and 4 show it is clearly an upgradient weil), because its inclusion in the

upgradient pool may mask statistically significant parameters in the true downgradient

wells.

The results of statistical analyses performed under the modified detection program

for the K-1407-B Pond during 1990 are listed in Tables 3 and 4 and the letter reports

provided in Appendix D. The statistical results for the upgradient weil, UNW-1, are

discussed separately in Section 3.4.1.

For the March sampling event, UNW-5 exhibited concentrations of manganese that

were statistically significant when compared to concentrations in the upgradient pool.

Historically, manganese concentrations at UNW-5 have been statistically significant when

compared to the upgradient pool. The concentration of manganese in the local ground

water is highly variable both spatially and temporally because of geologic, chemical, and

seasonal effects. Therefore, the manganese concentration is considered to reflect natural

ground-water conditions. Additionally, as previously discussed, well UNW-5 is actually

located hydraulically upgradient of K-1407-B Pond. Further response to the manganese
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O concentrations is not required under the modified detection program because manganese is

not a hazardous constituent.

For the September sampling event, UNW-5 again exhibited a statistically significant

concentration of manganese when compared to the upgradient pool. Additionally, UNW-3

and UNW-4 exhibited statistically significant concentrations of cadmium both on a

within-well basis and an upgradient versus downgradient comparison basis. As required

by interim status regulations [TN1200-1-11-.05(6)(d)3(ii)] and the modified detection

program, the two wells were resampled on January 26, 1991. These samples are currently

undergoing laboratory analysis to determine if the September results may have been caused

by sampling or laboratory error. If the resampling confn'ms that statistically significant

levels of cadmium are present above drinking water standards, TDHE will be notified

within 7 days and the unit will be returned to assessment monitoring.

O 3.4.1 Ut3m'adient Well- --

Upgradient well UNW-1 exhibited statistically significant increases in specific

conductance for both the March and September sampling events. Manganese also exhibited

a statistically significant increase for the March sampling event. As has been discussed

in previous annual reports (Forstrom 1990) the manganese concentration fluctuations

are considered to reflect the variability of the natural ground-water conditions.

The increase in specific conductance at UNW-1 has been hypothesized to be due

to natural fluctuations in ground-water quality or indicative of approaching contaminants

from an upgradient source (Forstrom 1989, 1990). The 1989 Annual Report discusses a

trend of increasing specific conductance in UNW-1 since December 1987 which may be

indicative of approaching contamination. This trend continued in 1990 with the highest

O recorded specific conductance at UNW-1 reported during the March 1990 sampling event;
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however, specific conductance showed a decline for the f'trst time since 1987 during the

September sampling event (Figure 5).

The change in water chemistry at UNW-1 is not considered detrimental to the

use of the well for providing representative upgradient ground-water quality for the

K-1407-B Pond; therefore, no changes to the monitoring system are necessary.
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4.0 K-1407-C POND

The K-1407-C Pond is located on the north side of the K-1700 stream in the

northeastern portion of the plant. This unit was a 1.3 million gallon surface impoundment

that was used for the disposal of corrosive and nonhazardous wastes. As stated

previously, the pond has been drained and sludge removal activities have been completed at

this unit.

4.1 MONITORING SYSTEM

The monitor-well network for K-1407-C Pond consists of six unconsolidated zone

wells designated UNW-6 through UNW-11 (Figures 3 and 4). These wells were installed

in October of 1985 under the supervision of Geraghty & Miller. Lithologic logs and

construction diagrams for these wells are contained in Appendix A and Appendix B,

respectively.

4.2 1990 GROUND-WATER DATA

The false-positive assessment program for K-1407-C Pond was first initiated

during November 1987 in response to statistically significant increases in specific

conductance at several downgradient wells. The false.positive assessment was approved

by the TDHE on July 11, 1988. Also approved was a change from assessment

monitoring to a modified detection monitoring program (Appendix E). The modified

detection monitoring program was designed to avoid false-positive indications from

specific conductance increases that were demonstrated to be caused by nonhazardous

constituents.

The modified detection monitoring program for K-1407-C Pond requires the

semiannual monitoring of metal concentrations in addition to the interim status detection
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monitorin? ._mneters (Table I). As at K- 1407-B Pond, organic constituents and selectedD,
radiochemical parame_rs are also monitored at K- 1407-C Pond.

4.3 GROUND-WATER SURFACE ELEVATIONS

Ground-water surface elevations for the two 1990 sampling events at K-1407-C

Pond are listed in Table 5 and illustrated on Figures 3 and 4. Water levels showed a

decline in all monitor wells from the March to September sampling events. The water-level

decline ranged _om i ft at UNW-7 to nearly 7 ft at UNW-6. Monitor well UNW-6 has

historically exhibited the greatest water-level fluctuations. Despite these fluctuations in

water levels, UNW-6 remains the upgradient well for K-1407-C Pond; therefore, no

response to the ground-water surface elevations is required.

4.4 STATISTICAL ANALYSES

Statistical analyses of indicator parameters and individual metals were conducted

for both 1990 sampling events at K-1407-C Pond. In accordance with the approved

modified detection monitoring program, specific conductance was statistically analy_xt

on a within-wel! basis only. Any metal that exceeded a primary or secondary drinking

water standard was statistically analyzed against its background pool. Ali statistical

analyses were conducted using the Student's t-test at a 0.01 level of significance.

The results of statistical analyses performed under the modified detection program

for K- 1407-C Pond during 1990 are listed in Tables 6 and 7 and the letter reports provided

in Appendix D. The statistical results for the upgradient weil, UNW-6, are discussed

separately in Section 4.4.1.

There were no statistically significant results on a within-well basis for any of

the wells during September sampling events, samplingthe March and For the March

event, manganese concentrations were statistically significant on an upgradient versus
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O downgradient basis in wells UNW-7, UNW-9, and UNW-10. Statistically significant

results were also obtained on an upgradient versus downgradient basis for pH in well

UNW-8. As discussed previously, the manganese concentrations are considered to be a

reflection of the natural geologic, chemical, and seasonal ground-water conditions and

further response to this nonhazardous constituent is not required under the modified

detection monitoring program. In accordance with TN1200-1-11-.05(6)(d)3(ii) and the

modified detection monitoring program, UNW-8 was resampled on June 27, 1990 and

the sample analyzed for pH to conf'u-rn the March sampling results.

The results of the confirmation sampling at UNW-8 are provided in Table 4. The

pH results are no longer statistically significant (Appendix E), indicating a possible

sampling error, analytical error, or a temporal fluctuation of the natural ground-water

quality. On the basis of the results of the confn'mation sampling, no further action is

O required under TDHE regulations or the modified detection monitoring program.

For the September sampling, manganese concentrations were once again

statistically significant on an upgradient versus downgradient basis in well UNW-9.

For the reasons stated above, no further response to this constituent is required under the

modified detection monitoring program.

4.4.1 Up m-adient W_ll

Historically the upgradient well UNW-6 has exhibited statistically significant

concentrations of various metals; however, during 1990 there were no metal concentrations

exhibiting statistically significant increases and none exceeded drinking water standards.

Monitor well UNW-6 continues to provide a valid representation of upgradient

ground-water quality; therefore, no changes to the monitoring system are necessary.

0
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O 5.0 CONCLUSIONS

Two interim status units require ground-water monitoring at the K-25 Site.

TDHE regulations require the annual reporting of annual/semiannual ground-water

sampling data, results of statistical analyses, and an evaluation of ground-water surface

elevations for interim status units in detection monitoring. The K-1407-B and K-1407-C

Ponds have both been drained and the sludges removed from the units.

The TDHE has approved a modified detection monitoring program for the two

units. The modified detection program was designed to avoid false-positive indications

from specific conductance increases attributable to nonhazardous constituents at both

units and from TOX increases attributable to other sources at the K-1407-B Pond.

The results of statistical analysis of monitored parameters at the K-1407-B Pond

O indicated significant concentrations of manganese at monitor well UNW-5 for both the

March and September sampling events. However, the manganese concentrations are

considered to be a reflection of the natural ground-water quality. Wells UNW-3 and

UNW-4 exhibited statistically significant concentrations of cadmium for the September

sampling event. As required by interim status regulations, the two wells were resampled

and the samples are undergoing laboratory analysis for confirmation of the September

sampling results. Statistically significant increases in specific conductance at the upgradient

weil, UNW-1, were also reported for the March and September sampling events. There

has been a trend of increasing specific conductance at this well since 1987 and it has

been hypothesized to be indicative of approaching contaminants from an upgradient source

(Forstrom 1990).

The results of statistical analysis of monitored parameters at the K-1407-C Pond

O indicated significant concentrations of at wells UNW-7, UNW-9, andmanganese

UNW-10 for the March sampling event and at UNW-9 for the September sampling
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event. StatisticaUv significant results were also obtained for pH in well UNW-8 for the

March sampling event. The well was resampled and the pH results were no longer

statistically significant, suggesting the March result may have been a sampling error,

analytical error, or a natural fluctuation of the ground-water quality.

Although some statistically significant results were obtained during the 1990

sampling programs at the K-1407-B and K-1407-C Ponds, these were due to

nonhazardous constituents or can be explained by sampling or analytical error, or by

the presence of upgradient sources. Resampling of UNW-3 and UNW-4 at K-1407-B

Pond for confirmation of statistically significant concentrations of cadmium has been

conducted and the samples are undergoing laboratory analysis. If statistically significant

cencentrations of cadmium are conf'trrned, the TDHE will be notified within the required

7-day dme period.

At this time no further response or changes to the modified detection monitoring

program at the K-1407-B and K-1407-C Ponds are required or recommended.

O
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O Table 1. Parameters Monitored under the Interim Status Modified Detection Programs
at K- 1407-B and K- 1407-C Ponds

Energy Systems. Inc. K-25 Site Oak Ridge, Tennessee

Indicator Parameters

pH Total organic carbon

Specific conductance Total organic halogens

Metals

Aluminum Iron Selenium

Antimonv Lead Silicon

Arsenic Lithium Silver

Barium Magnesium Sodium

Beryllium Manganese Su'ondum

Boron Mercury ThaUium

Cadmium Molybdenum Thorium

Calcium Nickel Titanium

Chromium Niobium Vanaciium

Cobalt Phosphorus Zinc

Copper Potassium Zirconium

Water Quality Parameters

Chloride Phenols Sulfate

14FEB91 Ba



Table 2. Water-Level Elevations at K-1407-B Pond. 1990

EnergySystems,Inc. K-25Site Oak Ridge,Tennessee

Date UNW. 1 UNW- 2 UNW- 3 UNW-4 UNW-5

March 3 - 14 763.97 751.07 746.14 751.65 759.65

September 22 - 26 763.32 750.73 749.51 751.07 759.65

14FEB91Ba
* Alimeasurements: feet, meansea level.



D Table 3. Statistically Significant Parameters at K-1407.B Pond. March 1990

EnergySystems.Inc. K-25Site Oak Ridge,Tennessee

March Background Drinking
Analyte Background 1990 Standard Water

Average Result Deviation Standard

Within Well
UNW.1

Specific conductance 448.30 1423.60 34.5319 N/A
(Izmhos/cm)

Manganese 5.78 23.00 1.1432 0.05
(mg/L

Upgradient Drinking
Analyte Upgradient Downgradient Standard Water

Average Result Deviation Standard

Upgradient vs Downgradient
UNW.5

Manganese 5.78 19.00 (19,19)* 1.1432 0.05
(mg/L

'aFEB91Ba

* ,emalysiswasduplicated,individualresultsm parentheses.



Table 4. Statisticallv Significant Parameters at K.1407-B Pond. September 1990

EnermySystems.inc. K-25 Site OakRidge.T_nnessee

September Background Drinking
Analyte Background 1990 Standard Water

Average Result Deviation Standard

Within Well
UNW.1

Specific conductance 448.30 844.20 34.5319 N/A
(I.tmhostcrn)

UNW-3

Cadmium 0.0036 0.0130 0.0013 0.01
rng/L

UNW-4

Cadmium 0.0041 0.0270 0.0025 0.01
(mg/L) (0.028.0.026)*

Upgradient Drinking
Analyte Upgradient Downgradient Standard Water

Average Result Deviation Standard

Upgradient vs Downgradient
UNW-3

Cadmium 0.0034 0.0130 0.0009 0.01
(nag/L)

UNW.4

Cadmium 0.0034 0.0270 0.0009 0.01
(nag/L) (0.028, 0.026)*

UNW-5

Manganese 5.78 20.0 1.1432 0.05
(nag/L)

14FEB91 Ba

* Analysis was duplicated, individual results in parentheses.



Table 5. Water-Level Elevations at K-1407.C Pond, 1990

Energy Systems. Inc. K-25 Site Oak Ridge, Tennessee

Date UNW.6 UNW.7 UNW.8 UNW.9 UNW-10 UNW.II

March 3 - 14 764.12 754.93 754.33 754.61 753.54 755.92

September 22 - 26 757.17 753.93 753.08 753.49 751.79 752.83

14FEB91 Ba

* ,Ml mcasutemems: feet, mean sea level.



Table 6. Statistically Significant Parameters at K-1407-C Pond. March 1990

EnergySystems.Inc. K-25 Site Oak Ridge. Tennessee

September Background Drinking
Analyte Background 1990 Standard Water

Average Result Deviation Standard

Within Well

None

Upgradient Drinking
Analyte Upgradient Downgradient Standard Water

Average Result Deviation Standard

UpgradientvsDowngradient
UNW-7

Manganese 0.93 6.55 1.3489 0.05
(rag/L) (6.4, 6.7)*

UNW-8

pH 7.57 5.84 0.2589 N/A

UNW-9

Manganese 0.93 23.00 1.3489 0.05
cmg/L_

UNW-10

Manganese 0.93 9.00 1.3489 0.05
{rag/L}

14FEB91Ba
" Analysiswasduplicated,individualresultsin parentheses.



Table 7. Statistically Significant Parameters at K.1407-C Pond.
September 1990

Energy Systems, Inc. K-25 Site Oak Ridge, Tennessee
Ill I

September Background Drinking
Analyte Background 1990 Standard Water

Average Result Deviation Standard
roll ii ii i

Within Well

None.

Upgradient Drinking
Analyte Upgradient Downgradient Standard Water

Average Result Deviation Standard
i i|l

Upgradient vs Downgradient
UNW.9

Manganese 0.9288 17.0 1.3489 0.05
(rag/L)

i

14FEB91 Ba



Table 8. Results of Confirmation Sampling at K.1407.C Pond.
June 27. 1990

EnergySystems,Inc. K-25Site Oak Ridge,Tennessee

Well Analyte Result

UNW-8 pH 5.9

6.5

6.5

6.5

6.7

6.5

6.5

6.5

6.6

14FEB91 Ba
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APPENDIX A

Lithologic Logs



I 'GERAC

LOCATION
SOUTH 24,839.34

K-25 Plant, K-1407-B EAST 1.258.57 775.05 ft mst 20.0 ft

GEOLOGIST SAMPIF INTERVAL SAMPLE TYPE DATE WELLC,OMPII=_=D

A. Ln_,e 5 feet Cuttings 1 0 - 2 5 - 8 5

DRILLER DRILLING CONTRACTOR DRILLING METHOD RIG TYPE

R. C_.,,':_'___ Geotek Hollow-Stem Auger Mobile B-53
PURPOSE OF BORING GEOPHYSICAL CON]RACTOR GEOPHYSICAL LOGS

Monitor Well None None

IJJ
uJ I DESCRIPTION COMMENTS
,,,
z_ --

I

CLAY (100%), red.
,r

0-"

---- Refusal at 20 ft

I0--

_0-

50-

60-

70-

80,

J_

90 SHEET 1 OF 1



II II i

i o. UNW-
AIV

_Ul r' PROJE ORGDP Monitor Well-.- & MILLER. INC. " ,
Grouna-Water Consu/tants I I Installation Program - Phase i

.OCATION K-25 PLANTCOORDINATES SURFACE ELEVATION TOTAL DEPTH
SOUTH 24,523.20

K-25 Plant, K-1407-B EAST 1.115.48 755.29 ft msl 12.3 ft

GEOLOGIST SAMPLE IN i ERVAL SAMPLE TYPE DAIE WELLCOMPLE1_

A. l___,e 5 feet Cuttings 1 0- 2 3 - 8 5 _

E)RILLER DRILLINGCONTRACTOR DRILLING METHOD RIG TYPE

FLC_-_'_____-_3e__ Geotek Hollow-Stem Auger .... Mobile B-53

PURPOSE OF BORING GEOPHYSICAL CONI RACTOR GEOPHYSICAL LOGS

Monitor Well None None

u.I DESCRIPTION COMMENTS=- 8
7._ -

I

CLAY (100%), red.
:ii

o 10.0' - 12.3' Gray and tan. _ Refusal at 12.3 ft

!0--

}0--

40-

50-

60-

70.

80.

SHEET I OF I

_go _._



II
IIII

BORINGNO. U N W- 3
__'GERAGHTY
41F& MILLER. INC. LITHOLOGIC LOG

Ground-WaterConsultants InstallationProgram- Phase I

LOCAT,ON ---
SOUTH24,512.62

K-25 Plant, K.1407-B i EAST 945.13 754.29 ft msl 11.5 ft
GEOLOGIS"_" sAMPLE INTERVAL SAMPLE TYPE DATE WELLCOMPLElED

A. t_-_e 5 feet Cu,!,!,!nqs 10- 2 3- 8 5 ,,
DRILLER DRILLING CONTRACTOR DRILLING METHOD RIG TYPE

R.C_--'_.e= Geotek Hollow-Stem Auger Mobile B-.53
_URPOSE OF BORING GEOPHYSICAL CONTRACTOR GEOPHYSICAL LOGS

Monitor Well None None

_ DESCRIPTION
COMMENTS

0
m

_ CLAY (100%), gray and tan.

10--= ,, Q,',f,lc:ml _t 11 _Kft

SHEET 1 OF 1



I , ,,,, ,,,.. I I I

'GERAGH7 BORINGRg. UNW-4
AIr&.M]Z,LER. INC. LITHOLOGIC LOG PRe,CT ORGDP Monito'r-Well

GrounO.WaterConsu/tants InstallationProgram- Phase I
LOCATION ........ K-25 PlaNT COORDINA_i_'ES' SUR'FACE'ELEVATION TOTAL DEPTH .....

SOUTH 24,575.84
K-25 Plant, K-1407-B EAST 799.64 757.73 ft msl 17.0 ft

GEOLOGIST ......... SAMPLE INTERVAL SAI_PLE TYi='E........ DATE WELL COMPLETED

A. Laase 5 feet Cuttinqs 10.2 5- 8 5
DRILLER ........ DRILLING CON'_CTOR I)'RILLING METHOD RIG TYPE '

FLGossage Geotek Hollow.StemAuger Mobile B-53
PURPOSE OF BORING GEOPHYSICAL CONTRACTOR' GE(DPHYSIC._L'LO_

Monitor Well None None
I II I ,111 III I I IIIIIII IIII II IIII I

DESCRIPTION COMMENTS
z-

II1| III i I I I I I II II

0

- o'/o) ..............FILL (100 rocK. ,.......
•._,_ CLAY (100%), rea,

•---_'-Tr:
10.--_

15.0' - 17.0' Clay, red and brown, hard.

_,_ , Refusal at 17 ft

SHEET 1 OF 1
...... i ii I IIIII II



I I I

-- '' g'' r BORINGNO. II N W- 5
_/r'GERAGHTY

,...,_&__MILLER, INC. LITHOLOGIC LOG F_R_,:cTORGDPMon.or-W_,
| ,_i_ Ground-WaterConsultants i Installation Program - Phase I

K.25P'_""=_T COORDINATE_ SURFACEELEVATIO_N _T_D'__"_ "-_'''__
SOUTH 24,670.00

K-25Pl._,,,K._,o7.8 EAsT79862 7s8._, ms, t __,.o,__
GEOLOGIST SAMPLE INIERVAL SAMPLETYPE DATEWELLCOMPLE_=.D

A. I n_e 5 feet Cuttincjs 1 0 - 2 9 - 8 5

DRILLER DRILLINGCONTRACTOR DRILLINGMP..I"HOD RIG TYPE
R.C.<___._.e_ Geotek Hollow-Stem Auger Mobile B-53

P_URPOSEOF BORING GEOPHYSICALCONIHACTOR GEOPHYSICALLOGS

Monitor Well _ None ,
II II I I

u. .... DESCRIPTION COMMENTS• =:

=,ml ii

SHALE, (100%), weathered, maroon and clay.

li

i,oo%,o,a
_ . __ _ Refusal at 14 ft

SHALE, (100%)

SHEET1 OF 1



I IIIII I II

i  RNGNo
Bt'GERAGHTY UNW-6
V& :_:LL_, mC. LITHOLOGIC LOG PROJECTORGDPMonitor-Well
f Ground.W_terConsultants Installation Program - Phase I

LOCATION __ SURFACEELEVATION TOTALDEPTH
SOUTH 24,228.00

K-25 Plant, K-1407-C EAST 1,467.20 787.04 ft msl 39.0 ft _

GEOLOGIST S/_,-tPLEINTERVAL SAMPLETYPE DAiE WELLCOMPLE!ED

A. L___,e 5 feet Cuttings 1 0 - 2 4.8 5 _

DRILLER DRILIJNGCONTRACTOR DRILLINGMETHOD RIGTYPE
R.C__-_-_3e_ Geotek Hollow-Stem Auger Mobile B-53

PURPOSEOF BORING GEOPHYSICALCONIHACTOR GEOPHYSICALLOGS

Monitor Well None None
I I

O

Eu_._
,= .__ o_scR,_T,o. OOMME.TS
z ¢3

i=l
in

_;- _ CLAY, (100%), red.

lO--_

20--- _

30--_

--= 35.0' - 39.0' Clay, red, plastic.
===== Refusal at 39 ft

._ I ii iiii

m

SHEET1 OF 1



I III
I I i -

_1_r'GERAGEI_ BORING NO. UNW-7
.__&MILLER, INC. LITHOLOGIC LOG PROJECTOGDPMonitor-Wel

Ground.WaterConsultants Installation Program- Phase I

LOCATION K-25PLANTCOORDINATES SURFACEELEVATION
SOUTH 24,471.92

K-25 Plant, K-1407-B EAST 1,269.62 757.38 ft msl 11.0 ft
GEOLOGIST ' SAMPLE INTERVAL SAMPLETYPE DATEWELLCOMPIP t'I=_

A. t_ 5 feet Cuttinqs 1 0 - 2 5 - 8 5 _
i,

DRILLER DRILLINGCONTRACTOR DRILLINGME]HOD RIG TYPE
FLC'_ Geotek Hollow-Stem Auger Mobile B-53

=URPOSEOF BORING GEOPHYSICALCONTRACTOR GEOPHYSICALLOGS

Monitor Well None None
I i

ni

ii

'CLAY, (100%), red.

10.0'- 11.0' Clay, red and brown. Refusal at 11 ftI _ iii

m m

SHEET1 OF 1



I

i BORING NO. U N W-8
_ 1mlGER.,kGI-ITY .....

LITHOLOGIC LOG PROJECTORGDP Monitor-Weil,

I Amy Ground-Water Consultants i I Installation Program - Phase Ii . PTH
LOCATION K-25 PLANTCCXDRDINATES SURFACE ELEVATION_

I SOUTH 24,386.21
_-25 Plant, K-1407-C i EAST 942.81 756.47 ft msl ! 16.5 ft

GEOLOGIST SAMPII= INTERVAL SAMpIF TYPE DA]F..WELL COMPIFII=D

G. Weiss 5 feet Cuttings 1 0 - 3 0 - 8 5

DRILLER DRILLING CONTRACTOR DRILLING MI=iHOD RIG TYPE
J. Ca_n Alsay, Inc. Hollow-Stem Auger Diedrich D-50 .

PURPOSE OF BoRiNG GEOPHYSICAL CON_-HACTOR GEOPHYSICAL LOGS

Monitor Well None None
I

k.- O

DESCRIPTION

i

-- " CLAY, (100%), olive green and red mottled, low plasticity.

with weathered shale and
l o---_ 10.0' - 16.5' Clay, olive-green

i! red, moderately plastic clay.

.. ,, Refusal at 16.5 ft

50-

60-

_

SHEET 1 OF 1



| I II I i,

4 _ GE_G_L_ I I E_ORIN('_q _O' u N w m 9

_V& lV[[]J..F_..R.INC. LITHOLOGIC LOG P,OJECTORGDPM0,,_to,-W_,
Ground-WaterConsu#ants Installation Program - Phase I

LOCAT_N K-25PI._,NTC_,_::_RDINATES SURFACEELEVATK3N' TOTALDEPTH
SOUTH 24,311.57

K-25 Plant, K-1407-C EAST 793.53 756.32 ft msl 13.0 ft
GEQLE_3ilST SAMPLEINTERVAL SAMPLETYPE DATE'WELLCOMPLETED

G. Weiss 5 feet Cuttings 1 0 - 3 1 - 8 5
DRILLER DRILUNGCONTRACTOR DRILLINGMETHOD " BIG TYPE

J. Cason Alsay, Inc. Hollow-Stem Auger Diedrich D-50
PuRPosE OF BORING GEOPHYSICALCONTRACTOR GEOPHYSICALLOGS'

Monitor Well None None
III I III I I II i i iiii I

DESCRIPTION COMMENTS

I II II III I • II! III IIII I

o
.ml ii ii pl i iii. i

CLAY, (100%), brown, moclerately plastic.
,,==mL i

lo---= 10.0' - 13.0' Mud, brown, soupy, with high-plasticity

brown and red clay._ _ .............. Refusal at 13 ft

0'

- tSHEET1 OF 1
, ii i, i I II II I'1



,,=,=,,,-..= BORINGNO. U N W" 1 0

'GERAGI_FI'Y
lit& LITHOLOGIC LOG PRECT ORGDP Monitor-Well

Ground-WaterConsultants InstallationProgram- Phase I

LOCA"_"_ON K-25PLANTCOORDINAIES SURFACE ELEVATION TOTAL DEPTH
SOUTH 24,003.18

K-25 Plant, K-1407-C EAST 691.80 759.37 ft msl 15.1 ft
GEOLCGIST SAMPI F INTERVAL SAMPLE TYPE DAi E WELLCOMPLEI ED

G. Weiss 5 feet Cuttings 1 0 -3 0 -8 5
r,

DRILLER DRILLING CONTRACTOR DRILLING METHOD _iG TYPE

J.Ca-__o_n Alsay, Inc. Hollow-StemAuger Diedrich D-50
PUR-'-'TSE OF BORING GEOPHYSICAL CONI1-LACTOR GEOPHYSICAL LOGS

Monitor Well None None
!

_ DESCRIPTION COMMENTS

CLAY, (100%), brown, low plasticity,with fragmentsof brown and
red,weathgred shale.

10.0' - 15.1' Clay, brown, moderately high plasticity,
with fragmentsof maroon,weathered shale, k

IRefusal at 15.1 ft

SHEET 1 OF 1
90



II

BORINGNO. UNW- 1 1 !
,AiF'GERAGHTY :Ava MKI,E:R,]:NC LITHOLOGIC LOG PROJEC ORGDP Monitor-Well

SOU , . I
K-25 Plant, K-1407-C EAST 1,012.92 774.34 ft msl '! 27.6 ft

GEOLOGIST SAMPLE INTERVAL SAMPI F TYPE DATE WELL COMPLE11=D

J. Archer 5 feet Cuttings 1 0 - 2 9- 8 5

DRILLER DRILLING CONTRACTOR DRILLING MI--IHOD RIG "TYPE

J.CE.on Alsay, inc. Hollow-Stem Auger Diedrich D-50
PURPOSE OF BORING GEOPHYSICAL CONI-HACTOR GEOPHYSICAL LOGS

Monitor Well None None

l.,-

o.s .,PT,O.
e"Z_ _

0
_ iii i

CLAY, (100%}, red, with abundantchert fragments.

l o---_ No recovery from 10 ft

L_ to 27.6 ft, sampler lost
in hole.

r---

Oo-i
i :
i 5

"-1, _ ,, _ Refusal at 27.6 ft

i00

_0

7O

8

I 0"_9 SHEET1OF1



APPENDIX B

Well Construction Diagrams



i BORING NO. U N W- 1

_I_'GERAGHTY
WELL'CONSTRUCTIONIpROJECTI ORGDP Monitor-WellAIr& M LLER.INC.

0 j_JGround.WaterConsuttants,, DIAGRAM l Installation Program-Phase ,
LOCATION K-25PLANTCOORDINAI ES SURFACE ELEVATION MEASURINGPOINT ELEVATION

SOUTH 24.839.34

K-25 Plant, K-1407-B EAST 1,251_,57 775.05 ft msl 777.72 ft msl
GEOLOGIST DRIllING CONTRACTOR DRIllING METHOD RIG TYPE

A. Laase Geotek Hollow-Stem Auger Mobile B-53

DEVELOPMENTMETHOD VOLUMEEVACUAIP-D DAIE WEll COMPI I.-ih..D FORMATIONMONITORED
Air Lift Not Available 1 0- 2 5 - 8 5 Unconsolidated Zone

NOTE: Ali Depth Measurements=nFeet Above,BelowGround Surl.ac=
_,|



JI_'G_G_ WELL-CONSTRUCTION BORINGNO UNW-2
AV (_" _[]]"]-'_:_' INC. PROJECT ORGDP Monitor-Well

OIAGRAM Installation Program- Phase I

LOCATION K2PTCOO"D NAmSSU.F OEE' VAT N MEA U ,NGPO,NTEUATtON
SOUTH24,523.20

K-25 Plant, K-1407-B 755.29 ft msl 758.24 ft msl

GEOLOGIST )RILL.INGCONTRACTOR DRILLING MEIHOD RIG TYPE
A.Laase Geotek Hollow-StemAuger Mobile B-53

DEVELOPMENTMETHOD EVACUATED DATEWELL COMPLETED FORMATIONMONITORED
Air Lift Not Available 10- 23- 85 UnconsolidatedZone

LOCKINGCAP _VENTEDCAP ....
r _, IA .... Not Available

STEEL GUARD POSTS- 6-INCHSTEEL 1 \ !LOCATEDATEACH PROTECTIVECASING -- I_ _-- 3.0 ft

ICORNEROF THE PAD CONCRETEPAD /
=

I- , ,, :" _; . ; _': _.:_''='
:"_'';'_;_;_'_| _'_A;:_'," / //P"_-_'<:_._";_'_;"'*:_;_:";_...." '

• _ • ..':._ooo'. ,, _.r._.%") "._."";,""-_.;-".":' ,*.'_.,'.'._ / •., :.:t._._:..,.,:.:-,._....,_'...,:_:.'.,.,, //_;.";. - .. _...-:.,.,. .,.-'
.. :'_..:_.;.,-.:...;._,...:.,,.:.._:,-.;,/ •,, _/),:."_.;.?"...,.'.'.,,'..;.',.'..'.'::._-..::.'"':

/
i
/

INOMINALg-INCH BOREHOLE /I
I Iii

CEMENT/BENTONITEGROUT ., iii
///

4-INCHPVC WELL CASING -( /-/-// ..1
I I!1
t iii

(g/ 4.0 ft

BENTONITE SEAL __= _ 6.0 ft
•;, ,;;,'.:.L;,

,,; ;...,._.+ • 6.5 ft
:,'¢ i:'.
;..,o'l¢',• ...

SANDPACK ':" b+;,_;'r,;,'_----=
(COARSEGRAIN SILICA SAND) ;'=;i'..".'.!._,!--=

•, ;.._::._ = ,..._,
+INCH PVC SCREEN :. .,t-._.'..+

(0.010-INCHSLOT,CONTINUOUSWOUND) :_ -'_'_'_.'--,._._.--,_.-,;;_ ._.

{;!.;,'i:a...:.!._v,." - 11.5 ft

O !,,,.-...,;,.-..:_._.,...... .- .., 12.3 ft

NOT TO SCALE

NOTE: Ali De_,h Measurementsin Feet Above/BelowGroundSurface
• . _



I

,_1 _f G EI_,,G _ lW E L LIII C O N STR U CT_ O NI BORING NO• UNWll3

_IIV& MILLER, INC. PROJECT ORGDP Monitor-Well
G,o.o,,-w.,., DIAG RAM Installation Program- Phase I

LOCATION K-25 PLANT COORDINATES SURFACE ELEVATIOI_ MEASURING POINT ELE'_/ATION
SOUTH 24,512.62

K-25 Plant, K-1407-B EAST 94_,1_ 754.29 ft msl 757.01 ft msl
GEOLOGIST DRILLING CONTRACTOR DRILLING METHOD RIG TYPE

A. Lease Geotek Hollow-Stem Auaer Mobile B-53
DEVELOPMENTMETHOD VOLUMEEVACUATED DAiE WELL COMPIJ: i_D FORMATIONMONITORED

Air Lift Not Available 1 0 - 2 3- 8 5 Unconsolidated Zone

NOTE: Ali DeothMeasurementsin Feet Above/BelowGroundSudace



III II I III II II I

4 W GE_G_/I" IWELLInCONSTRUCTIONI E_0RING N(_'PROJECT ORGDP U NWal4

AVa _iaR. _C Monitor-'Well
Ground-Water Consultants DIAGRAM Installation Program - Phase I

'L(_CATION..... K-25PLANT COORDII_ATES" ISURFACE ELEVATION MEASURING PolNT"ELEVAT'ION
SOUTH 24,575.84

K-25 Plant, K-1407-B EAST 799,_4 I 757.73 ft msl 760.57 ft msl
GEOLOGIST DRILLING CONTRACTOR }DRILLING Mi=THOD ' RIG TYPE....

A.Laase Geotek I Hollow-Stem Auger Mobile B-53

DEVELOPM'ENTMETHOD VOLUMEEVACUATED i DA]_ WELL COMPLETED FORMATIONMONITORED
Air Lift Not Available I 1 0 - 2 5 - 8 5 Unconsolidated Zone
II mm I r ii llnlI II IIII IIIIll

NOTE: Ali DepthMeasurementsin Feet Above/BelowGroundSurface



I_' GEP_GErY IWELL.CONSTRUCTIONt _"'NGN°' UNW-S

iii l/ '[

_I_IW'& ]V[]].,].._P_, ]_]C. I I'_1 Ata_leA M IPROJECT ORGDP Monitor-Well
Ground.Water Consultants ! I,,,#I/-,L_,,_ n Pi nru I Installation Program - Phase I

LOCATION K-25 PLANTCOORDINATES SURFACE ELEVATION MEASURINGPOINT ELEVATION
SOUTH 24,670.00

K-25 Plant, K.1407-B EAST 798.62 758.11 ft msl 761.15 ft msl
GEOLOGIST DRILLING CONTRACTOR DRILLING METHOD RIG TYPE

A. Laase G_K}tek Hollow-Stem Auger Mobile B-53

DEVELOPMENTMETHOD VOLUMEEVACUAi P..D DAiE WELL COMPLI::I ED FORMATIONMONITC)REr,)-
Air Lift Not Available 1 0 - 2 9 - 8 5 Unconsolidated Zone

LOCKING CAPn

VENTEDCAP -, Not Available

STEELGUARDPOSTS 6-INCH STEEL 3.0 ft
LOCATEDATEACH PROTECTIVECASING -- "
CORNEROF THE PAD CONCRETEPAD -...%

X. ,, : ¢,.. ,.
mi'' _' "" • 'iT D'' • o" ' • • ."

_ : a. ,, .,,:.. : ;.1 -". "'= ;'""'_:"_':_"'="
:..,_,..,,':'..__..,_'--.,',,J: . :_,,;,..,.,...:.,,,..;,._,..'[_...... ; :..._........ ,_._,;.'_flI
•k', :.".:'..,. "- _' ".!/'.,=":._' ::.t...". '.,,,,..'_.--.,,_,•.,

:_':..".:; :'|.'. ;,:" _. [,_'..'." ":.'.: ::'.: ,. ".:'.;.'.._'.":V /
_'..'.':.-_'V.,.:.,,: '.'., ....._'.:*,:','.':':::_=/;,...'.,:'-.: .... ._:!" /
•.""::.'._,"..".' :.'..'.':;::':';.'::::'.:.::.i:::':.:":'::'.,':;:.:..:::.::!,,_ i:!_
.. ..... :,.... ,.':-:.'.:-:..::...: :... :...:::..,.:.|j _,

## _ _

/
/
/
/
/
/
## _ _

NOMINAL8-INCH BOREHOLE /
/

CEMENT_ENTONITE GROUT //

#
4-INCHPVC WELL CASING - /

/
/
/
/
/ 2.0 ft[]

[]

BENTONITESEAL
d 4.0 ft

:'= ::='<': 8.2 ft

,;_ -.=.

SANDPACK _, ?,;_.:_ --_(COARSE GRAINSILICAS_D) _: :.:.:._
, ,_.,,;._,,=_ -._

4,-INCHPVC SCREEN ,_. :=:.l
(0.010-INCHSLOT,CONTINUOUSWOUND) :'.'

_ 13.2 ft

O _ :'_=':'..' ; 14.0 ft

NOT TO SCALE

NOTE: Ali Del:XhMeuurements in Feet Above/BelowGroun¢lSudace



AWGE ,GErY WELL-CONSTRUCTION BORINGNO. UNW-6
_IIY& M]I.LER, JNC, PROJECT ORGDP Monitor-Well

Ali DIAGRAM InstallationProgram-Phase I
)CATION K-25 PLANT COORDINATES SURFACE ELEVATION MEASURING POINT ELEVATION

SOUTH 24,228.00
K-25 Plant. K-1407-C 787.04 ft msl 789.92 ft msl

GEOLOGIST DRILLING CONTRACTOR DRILLING METHOD RIG TYPE

A. ln_ Geotek Hollow.Stem Auger Mobile B-53

DEVELOPMENTMETHOD VOLUME EVACUATED DAi EWELL COMPLEIED FORMATIONMONITORED
Air Lift Not Available 1 0 - 2 4.8 5 Unoonsolidatecl Zone

LOCKINGCAP

VENTED CAP .....
! Not Available

]

STEEL GUARD POSTS 6-INCH STEEL I _ 2.9 ft
LOCATEDAT EACH PROTECTIVECASING-', _

CORNEROF THE PAD CONCRETEPAD "%,--"_.

. '.. " • ' '... '...p..'.,;,:'._:t>*,"".,,. ".o..='. . " ° "';.iii i

//
:,"-,,%_4,.'.'. ' L. T_';h':: "..;,,,,":':.:c,J,.,_v_'.','_..J/'::""':;"""¢ "" _)'1".:.;'":,:'::':.;.:'.'.:'.':.;:.:{:'".'.}I

: '"'': ..... ._ 'r.._',',':.'.',:.,,'.'.:.':-',,/
_"..'.;:.'..;: "t_ _- - "..'":': .'.'_'::; ,.".'.'. .... .'"...'.".
tj. : _': ",'. I.'.'

.'.'::.'.':.':,"':.'." :.'z.'Z.".'."..'.::'.:.::.::)':.:':.:'.,'.,:.:".i::': . .

..'....'::.'¢::.': ,::...:.::::...:.....:...'...:'.,:...:. /

/

/
/

NOMINAL8-INCH BOREHOLE - _' / /

CEMENT/BENTONITEGROUT- --/
/

4-INCH PVCWELL CASING _'(

23.0 ftBENTONITE SEAL

25.0 ft
.,. ::C,<:I

:"}_!i = 28.2 ft
mni,

SANDPACK _:)_i:;;_{,:_!(COARSEGRAIN SILICASAND) |I_. ,.:;_,;.._:
F,::!"'"_': ":'q

4,.INCHPVC SCREEN .._
(0.010-INCHSLOT,CONTINUOUSWOUND) .:,

:";'." 38.2 ft

" , 39.2 ft
_.:_4_.._

NOT TO SCALE

NOTE: Ali Depth Measurementsin Feet Above/BelowGroundSurtace



I

_V&. MILLER, INC. PROJECT ORGDP Monitor-WellGround-WaterConsultants DIAGRAM Installation Program- PhaseI
LOCATION K2SP .TOOO"D .A SSURFACEEU VAT N MEASUR,NGPO NTE' VAT'ON

SOUTH 24,471.92
K-25 Plant, K.1407.B EAST 1,;_69.62 757.38 ft msl 760.18 ft msl

GEOLOGIST DRILLINGCONTRACTOR DRILLINGMETHOD RiG TYPE
A.l=_e Geotek Hollow-Stem Auqer Mobile B-53

DEVELOPMENTMETHOD vOLUMEEVACUATED DATEWELLCOMPLP.IED FORMATIONMONITORED
1 0 - 2 5- 8 5 UnconsolidatedZoneAir Lift Not Available

I

LOCKINGCAP
=lm

VENTEDCAP -_ Not Available
!

SI_.ELGUARDPOSTS- 6-INCHSTEEL -- 2.8 ft
LOCATEDATEACH PROTECTIVECASING" _.

CORNEROFTHEPAD CONCRE'_PAD--_
N

._. ".. ,,1......'..._:.. _. "." '...=,'..'.,=:'. _' :1>'.._._,,_ ,-Io. '.,,'.'"' ", ° . " °
.., _. . . ,,;,;_:_,,:_:, ,._:._'._,_;:_;,_:. _,',,._;_,,,b._:. ,..,_ ×
•",:_Z:;".'_: • ... >'.._:. :::." "._:-.' .... ,:_ _'.',..o_. ,.=,,oOo * p.o,_,_,o .,,s;;._, ,,,' ' _ ' Z

':..-.-,_t.',;:-:.|... • v I:-'::."::":.:'",' ,"'_."¢.': :1 /_:'..v: -':L'_ -- ..'":.'.': :"_:';,". ':'-..'.".:,'.! _',
::. " ,: ".'._ "."":. :., ::.v'.'..'.:. '.'..... '.:".;"._"1 /..'..:::.'..:_,,,':{.. ":....:..'.........'.. :.......:.'.:.: ............,

NOMINAL8-INCHBOREHOLE _.

CEMENT/BENTONITEGROUT I //
,/

4-INCH PVC WELL CASING

3.0 ft
,.._.

BENTONITESEAL "
li•- 4.5 ft

:':';;::';<': 5.2 ft

SANDPACK :;q
(COARSEGRAINSILICASAND) :.',_

4-INCHPVCSCREEN ;.: :::""
(0.010-INCHSLOT.CONTINUOUSWOUND) ::;.'_ i

:,.I ¢:',('L |• '1 ,_._.,

_ 10.2 ft
'.'/.T., '-"..

:;_ -;.'.•- .... 11.0 ft

NOTTO SCALE

I
t

inFeetAbove/BelowGroundSudace tNOTE:AliDe_thMeasurements
1



I

lw L.co.sT.°cT,o.lo'''G'oo.w.V (_ _/[]].,LER, INC. PROJECT ORGDP Monitor.Well

_,ouo_.w,,.,co°,u,,_,, DIAG RAM Installation Program- Phase I
LOCATION K-25 PLANTCCXDRDINAIIr.S SURFACE ELEVATION MEASURINGPOINT ELEVATION

SOUTH 24,386.21
K-25 Plant, K-1407-C EAST 942.81 756.47 ft msl 759.83 ft msl

GEOLOGIST DRILLING CONTRACTOR DRILLING METHOD RIG TYPE
G.Weiss Alsav, Inc. Hollow-StemAuqer Diedrich D-50

DEVELOPMENTMETHOD VOLUMEEVACUATED DATEWELLCOMPLP..[_D FORMATIONMONITORED
Air Lift Not Available 10- 3 0 -8 5 UnconsolidatedZone

I

NOTE: Ali De0th Measurementsin Feet Above/BelowGroundSurface



I I I IIIII

. BORINGNO UNW" 9
kIVGGI-n WELL

CONSTRUCTION PR_ECT ORGDP M0ilitor-WellAV& MILLER, INC.

Ground-WaterConsuttam$ IAG RAM ! Installation Program- Phase I
LOCATION K.25PLANTCOORDINATES SURFACEELEVATION MEASURINg3POINTELEVATION1

SOUTH 24,311.57

K-25 Plant, K-1407-C I_A_T 793.53 756.32 ft msl 759.78 ft rnsl
)LOGIST DRILLINGCONTRACTOR DRILLINGMETHO0 RIGTYPE

G. Weiss Alsay, Inc. Hollow-Stem Auqer Dledrich D_-50
DEVELOPMENTMETHOD VOLUMEEVACUA'i'ED DATEWELLCOMPLI=IED FORMATIONMONITOFIED

Air Lift Not Available 1 0 - 3 1 - 8 5 UnconsolidatedZone
I I III

LOCKINGCAP
,lm

VENTEDCAP -_ Not Available
r

STEELGUARDPOSTS- 6-INCHSTEEL _ -- 3.5 ft
LOCATI'DATEACH PROTECTIVECASING-" __

CORNEROFTHEPAD CONCRETEPAD_. , ". , • ,

"° " = %:,:=;._,_<_ _?_,_,_::,_,_:,_;,,,,_:___;_:::.,_._,_,:_,_=_,....,,,,".."_;.':=::.,.> " .. .. ..°...=,..
:.:.'<_I'_'.".... ' _:_,__,_.,._,-r,_.;_,:,;,,,.,,'.l/

_,?i']_ ..._.,,.,,.,,-,,., .... .., i
....i:- ..:.":.'t"-____,_,J,,;'.':.'.';:,';;".:'.::'.,".'.'..":li :..,
i:_':ii!i '::_""" ' ;:i:::':,:'::.":.'.'::'.:'.:'._::..:.'.'""':' "'" "" :" "'"" ":" "": "'" "

,':,,' ,';,.' ' ',, ,;;,. ',,l's,";, ,..'-.,..' .'o. / . .,.,:,_..:.
/
/
/
/
/ ,
/
/
/

NOMINAL8-INCHBOREHOI!= //
/
/

CEMENT/BENTONITEGROUT
/

4.INCHPVCW_LLCASING ,_
/
/
/

• r _,

/ 4.5 ft

BENTONITESEAL i
6.0 ft

,f,l ,.,.%_I.-
,_,

,_.i::,.<,: 8.0 ft

•

SANDPACK i_, __;(:,.(COARSEGRAINSILICASAND) ' ==
_i_ '' "' ' .;it.'

r=
:v_=, -- ..

a-INCHPVCSCREEN "' ;. -- :'1':':
(0.0lO-INCHSLOT,CONTINUOUSWOUND) ,:.i".., _

:,". E ---
-_. = .-.
-: _.,;_'r-_-- 13.0 ft
:_,,

. . .., -...

_.. ., 13.0 ft

NOTTO SCALE

NOTE:AliDepthMeasurementsinFeetAbove/BelowGroundSurface
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LOCATION K-25 PLANTCOORDINATES SURFACE ELEVATION MEASURING POINT ELEVATIONI

SOUTH 24,003.18

K-25 Plant. K-1407-C EA_;T 691.80 759.37 ft msl 762.87 ft msl
GEOLOGIST DRILLING CONI HACTOR DRILLING METHOD RIG TYPE

G.Weiss Alsay, Inc. Hollow-Stem Auger Diedrich D-50
DEVELOPMENTMETHOD VOLUME EVACUATED DAI EWELL COMPL.P-1ED FORMATIONMONITORED

Air Lift Not Available 10 -3 0- 85 Unconsolidated,Zone

LOCKINGCAP

VENTEDCAP ,_ Not Available
!

1

STEELGUARD POSTS- 6-INCH STEEL I 3.5 ft
LOCATEDATEACH PROTECTIVECASING -" _-

CORNEROFTHE PAD CONCRETEPAD
X

"_,'"'.'_' _>..'= .... • _': "_" "'='':' ' i".
'.-_;".',_ "... "".'. i=;.. _, : "'_ -.. "'.'.i='. _ :_,'..

..... ,o , . , ._.:. .. .°....,,., ,t_.'.
:.'," ,,, .. • "" rv%" -.':J.'v,_._""_ ._ _'.'.:,"' /

"/_/.:_" _,.., /'._.,,, ._.: f'.,:,_. ,

.'. .'. _ • • " ', _ ,_. , • .',. _'_ • • • ' • • " ". ,. ,1 _

:':,',,,,: "..s" "*C..'',, ._,'.", ._,..' .... : :'-.",,"'. L•/
...:::...-..:,,.:..:....:...:;..:.......-...:..':...::.:::..:.:.:.,..:::..::'.:,[,,-,
.,,, ,....,,,'.-,'. ,,.. _., ,;..,.¢:_.-,..,... • ,,_..:.., . •

g-INCH BOREHOLENOMINAL

CEMENT_EN rONl'_- GROUT - ,,1

a-INCH PVC WELL CASING //

-t
-/
-/
F_ 2.0 ft

BENTONITE SEAL
_, 7.0 ft
p.',.
l;"= ::':<=" 9.2 ft

SAND PACK Ii(;';''t,:::'X:':.:,_;(COARSE GRAIN SILICASAND) ".';',_,..'."-._
r#

4.-INCHPVC SCREEN -- I.'. "",-", --
(O.010-1NCHSLOT, CONTINUOUSWOUND) F.J

,!i i
l:_: _;'.'i 15.1 ft

NOT TO SCALE

NOTE: Ali DepthMeasurementsin Feet Above/BelowGroundSudace



__ _1_GERAGI_" !WELL.CONSTRUCTIONI B°R'NGN°" UNW-11

_IIW& MILLER, INC, PROJECT ORGDP Monitor-Well

Ground-Water Consuitar,,,, DIAG RAM Installation Program- Phase I
LOCATION K-25 PLANT COORDINATES SURFACE ELEVATION MEASURING POINT ELEVATION,

SOUTH 24,042.92
K-25 Plant, K-li _7-C EAST 1,012.92 774.34 ft msl 777.75 ft msi

GEOLOGIST - DRILLING CONTRACTOR DRILLING METHOD RIG TYPE

J. Archer Alsay, Inc. Hollow-Stem Auger Diedrich D-50
DEVELOPMENTMETHOD VOLUMEEVACUATED DATEWEIl COMPLP_]ED FORMATIONMONITORED

Air Lift Not Available 1 0- 2 9 - 8 5 Unconsolidated Zone

NOTE: Ali DepthMeasurementsin Fee_Above/BelowGroundSurface
i=



APPENDIX C

I Data for K- 1407-B and K- 1407-C Ponds1990 Ground-Water Quality
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APPENDIX D

1990 Statistical Analyses for K-1407-B and K-1407-C Ponds



 q ernat Correspondence

O MARTIN MARIETTA ENERGY SYSTEMS. INC.

June 25, 1990

Gale Hodgson

Results of Statistical Analysis for Semi-Annual Samples at K-1407-B and K-1407-C Ponds

Statistical analysis is complete for semi-annual samples collected from K-1407-B Pond and K-
t 407-C Por',d in the first quarter of 1990.

For K-1407-B Pond, within-well and upgraaient versus downgradient t-tests are conducted for
TOC and pH. TOX is not tested and only within-well tests are conducted for conductivity in
accorclance with the modified detection program. Within.well and upgradient versus
downgradient tests are also conducted tor any metal when a result is aloove either a primary or
secondary drinking water standard.

For K-1407-C Pond, within.well and upgradient versus downgradient t-tests are conducted for
TOC, pH, and TOX. Within.well tests are conducted for conductivity. Within-well and upgradient
versus downgradient tests are conducted on any metal when a result was above a primary or
secondary clrinking water standard.

Ali tests, except pH, are constructed to detect a significant increase. The test for pH is designed
to detect either a significant increase or decrease. In order to be conservative, the detection limit
is used as the result when a result is reported as less than detection limit. Duplicates for a well
are averaged when conducting the tests, but individual results are compared with the drinking
water standard.

The 3nly sign=ficant t-test of an indicator analyte at K-1407-B Pond is the within well test for
conductivity at UNW-1. Additionally, manganese at UNW.1 and UNW-5 is above the drinking
water standard and the t-tests ,_re statistically significant for these wells.

At K-1407-C Pond, the upgradient versus downgradient test for pH at UNW-8 indicates a
statistically significant lower pH result than the background upgradient result. Also, manganese
at UNW-7, UNW-9, and UNW-10 is above the drinking water standard and the t-tests are
statistically significant.

L



.f

A complete listingof the significant tests including background averages, first quarterresults,and
standard deviationsof the background averages is attached.

Please call with any questions.

Sherry R. Williams
K-1006, MS-7272, (4.0693)

cc: J.M. Forstrom



_(-1407-BPona

O SignificantT-testsfor Indicatorsa_a Metals ExceeolngOdnking Water StarDOaras

WithinWell

Background QTR 1, 1990 Background DrinkingWater
AnaMe Ave._ Result Std. Deviation Standard

UNW-1 NIA
Conauctlvity 448.30 1423.60 34.5319

(umho/cm)

Manganese 5.78 23.00 1.1432 .(iS
(moJ_

Upqraclientvs. Oownqraclie_

Background QTR 1, 1990 Background DrinkingWater
Result Sid. Deviation Standard

Ana_..q_.h_ _Averaqe ,.

UNW-5 .0,5
Manganese 5.78 19.00 (19,19)" 1.1432
(m_O

*. Analysiswas duplicaIecl,individualresults in parentheses



-.+ .._,,,_._-- .+,_-,"_.,_;.,....
+--.,..,,,--.. _,.. _,..

.... : ..* is _, .

i

K-1407-C Pond

O SignificantT-testsfor Indica_oraand Metala Exceeding DrinkingWater Standards

WithinWell

No significanttests.

Uoaradientvs. Downqraclient

Background QTR 1, 1990 Background DrinkingWaler
Anatvte Averac3e_ Result Std. Deviation Standarcl

UNW-7

Manganese .93 6.55 (6.4,6.7)" 1.3489 .05
(mg/1)

UNW-8
pH 7.57 5.84 .2589 NIA

O UNW-9

Manganese .93 23.00 1.3489 .05
(mgjO

UNW.10
Manganese .93 9.00 1.3489 .05

(mg/0

*. Analysis was duplicated, Individualresultsin parentheses.



'qternai Correspondence
li ii i ii ii

MARTIN MARIETTA ENF..qGY _YSTEML INC.

July 23, 1990

Gale Hodgson

Evaluationof UNW.8 ResamRlefor PH

The resample of UNW-8 for pH has been statisticallyevaluated, and pH for this sample is not
statisticallydifferent from the background average of the upgradient well at a .01 level of
significance.The pH of the resample was measured eight times with an averageof 6.54. The
upgraclientbackground average is 7.57 with a standard deviationof .2589.

Pleasecall with any questions.

e Ko1006,MS-7272, (4-0693)

c: J. M. Forstrom



nternal Correspondence

O _&R13N MARIETTA ENERGY SYSTEMS, INC.

January 23, 1991

Usa Shipe

Results of Statistical Analysis for Semi-Annual Samples at K-1407-8 and K-1407-C Ponds

Statistical analysis is complete for semi-annual samples collected from K-1407-B Pond and K-
1407-C Pond in the third quarter of 1990.

For K-1407-B Pond, within well and upgradient versus downgradient t-tests are conducted for

TOC and pH. TOX is not tested and only within well tests are conducted for conductivity in
accordance with the modified detection program. Also, within well and upgradient versus

downgradient tests are conducted for any metal when a result is above either a primary or
secondary drinking water standard.

e For K-1407-C Pond, within well and upgradient versus downgradient t-tests are conducted for

TOC, pH, and TOX. Within well tests are conducted for conductivity. Within well and upgradient
versus downgradient tests are conducted on any metal when a result was above a primary or
secondary drinking water standard.

Ali tests, except pH, are constructed to detect a significant increase. The test for pH is designed
to detect either a significant increase or decrease. In order to be conservative, the detection limit
is used as the result when a result is reported as less than detection limit. Duplicates for a well

are averaged when conducting the tests, but individual results are compared with the drinking
water standard.

At K-1407-B Pond, the only significant t-test of an indicator analyte is the within well test for

conductivity at UNW-I. Additionally, cadmium is above the drinking water standard of .01 mgtL
in UNW-3 and UNW-4 and the within well and upgradient versus downgradient tests are
statistically significant. Also, manganese in UNW-5 is above the drinking water standard of .05
mg/L and the upgradient versus downgradient t-test is statistically significant.

At K-1407-C Pond, manganese in UNW-9 is above the drinking water standard of .05 mg/L and
the upgradient versus downgradient t-test is statistically significant.
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A complete listingof the significant tests including background averages, third quarter results,
and standard deviationsof the background averages is attached.

Please call with any questions.

K-1401, MS-7383, (4-0693)

c: J.M. Forstrom
J. W. Zolyniak



_:-1407-B Pond

e StQnificant T-tests for Indicators and MetaLs Exceeding Drinking Water Standards

within Uel(

Backgr_ Qtr 3, 1990 Backgro_ Orlnking Water
wet.._..t.tAr,mtyte _vera_e Result Std. Deyiation Standard

UNW-1 Conductivity 4_8.30 8/,4.20 34.5319 N/A unido/cB

UNW-3 Cadmium .0036 .0150 .0013 .01 mo/L

UNW-4 Cadmium .0041 .0270 .0025 .01 moll

U_radie_t vs. Do_radient

Background Orr 3, I_0 Background Drinking Water
We|l Anatyte Average' Result SLd. Deviation Standard Units

UNW-3 Cadmium .0034 .0130 .0009 .01 mo/LUNW-4 Cadmium .0034 .0270 .0009 .01 mOlL

UNW-5 Manganese 5.78 20.0 1.1432 .05 mO/L

Note: The thirdquarter result for Cackniumin UNW-4 is an average of the original san_oteand a duplicate. The
indivickJQmLresults were .028 and .026.



K-1407-C Pond
Significant T-tests for Indicators and Metats Exceeding Drinking Water Standards

W!th!n WeLlL

Nolle o

Upgrsd_ent vs. Dog.tired!en _

Background Qtr 3, 1990 Background Or|nking Water
Wel_t Anatyte Average ,ResuLt. $td. Deviation ....Standard . Un|ts

UNW-9 Manganese .9288 17.0 1.3489 .05 mglL



APPENDIX E

Modified Detection Monitoring Program Approval for K-1407-B and K- 1407-C Ponds
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TENNESSEE DEPARTMENT OF HEALTH AND ENVIRONM, ENT
CUSTOMS HOUSE

701 BROADWAY
NASHVILLE. TENNESSEE 37219.5403

CERTIFIED HA_L #P 169 141 659

RETURN RECEIPT REQUESTED
i

e

Haro: i0, 1989

Mr. ?,onald O. Hultgren

Direr:or, Enriching Operations

U.S. Depar:ment of Energy

nzh Lid_-, Operations
?.0. Box 2001

Oak Ridge, Tennessee 37831-865!

KE: kequest for Approval for the False-Positive
Groundwater Assessmeu_ and Implementation

of a Modified Detection program for _he

K-1407-B Holdinz Pond - ORGDP

EPA I.D. No. T_]0 89 009 0004

Dear Mr. Hul_Eren:

The _ivlsion of Solid Waste Management has recently beeu in communication wlth

technical s_aff wi_h the Department of Energy (DOE) and Mar_in Ma=ie_a EnerEy

Sys_a,us, Inc. (MMES) ra_ardln_ the false-positive g..:oundwater assessment

proposal for the K-It,OT-B Holdln_ Pond a_ the K-?5 Plant in Oak Ridge,
Tennessee. Discussion of ._.he proposal has been co,_duc_ed both by telephone

and durluZ a meeti_ held _._-_he }:-25 Plant on February I, 1989. , The meeting

was arranged per a le:net from DO_ (dn_ed January ii, 1989) trnnsmi_ted to the

Divizicn r_questinE approval of rh-. false-positlve groundwater assessmen_ nnd
the modified detection proErzm. During _he meeting, which was _ended _y

Walker Howell of the Division, Mike S=i_h and Gazs" Bodensueln o_ DOE, and

Jon Forstrom and Jack Zolynlak o_ MMES, _he specific points of _he

Jus_'.iflcation for the false-positive groundwater assessment, as well as _h_

proposed modified d_tection proEram, were reviewed and discussed. AfEerward,
a tour of the K_-1407-B-Holding Pond was conducted to permit the Division a

first-hand overview of the location of the impoundment, _he positionin_ o£ the

monitorln_ wells and t.he ra!a_ionship of the numerous SWMU' s which are

positioned hydrsulic_i!:,, upzr_,dien_ of the facility.

Based ou the presentation cf factors u_illzed _o jusuif" the false-post'-lye

groundwater assessment for K-1407-B HoldlnE Pond, alon_ with other curren_
da_a _:hlch may m:ppor_ those factors, (i.e., the pertinent portions of thr _%-

1407-5 Holdin5 Pond pos_-closur _- permi_ application, revised December 19S_),

_he false-positive groundwater proposal and _he modified detection program,

are hereby approved. The approval, in essence, precludes the necessity for

any chan_es to the con_en"- of rh"- post-closure permi_ applicaulon, insofar as

i_ d_ec'..io_ moni:or_ng pot:ion is concex:ned. D 08_



Mr. Konald O. Hultgren

Page 2
March I0, 1989

Please be advised, however, that the approval is based upon the current ' W_|_.'._

compilation of data relative to the K-1407-5 Pond. Subsequent information "'_ M||]

(generated through the implementation of the RFI program for the B-pond area) °','_Ir.

may have a bearing on the justification of the false-positiv_ groundwater ttIC&_

assessment and permit modification(s) may be necessary. -

If you should have any questions regarding this correspondence, please feel
free to contact me at (615) 741-3424.

Sincerely, .

::iZ ,

Walker F. Howell, Geologist
DOE Unit

Division of Solid Waste Management

WFH/F2029059

ct: Suzy Riddle, EPA Reglon IV

Dave Hopkins, EPA Region IV

Mike Smith, DOE-OKO

Gary Bodensteln, DOE-OgO

Jot Forstrom, K-25
Files



TENNESSEE DEPARTMENT OF HEALTH AND ENVIRONMENT
CUSTOMS HOUSE

701 BROADWAY

NASHVILLE TENNESSEE 2721_6403

__F_ED HAIL #P 169-141 650

R_'_U_N R_C_IPT _EQOES_ED

July 11, 1988

Mr. Ronaid O. _ulCgren

Director, Enriching Operations Division
U.S. Department of Energy

P.O. Box 2003
Oak Ridge, TN 37831

P_E: U.S. Department of Energy, OKGDP K-1407-C
Pond Clean Closure Proposal/Couclnued Houi_orlng Programs

Dear Hr. _ulCgren:

The Division of Solid _asce Hanagemenu (uhe "Division") ham reviewed

previously submitted documents, "K-1407-B and K-1407-C Surface Zmpoundmen_
False-Positive Groundwater Assessment" (May 6, 1988) and "K-1407-C Groundwauer

Assessment and Clean Closure Justification" (J_ae 6, 1988). The former of ube

two documenus was completed, ac _he Division's suggestion, in au attempt _o

subsuanuiaue uhe claim (after _he fi=s_ deuerminaclon) _ha_ conuamlt_a_ion in

:he K-1407-C pond downgradienc wells was being falsely indicated. Sampling

and analysis conducued during _he 30-day false-positive asless_:_ period in

November 1987 (along wi_h =he resul=ing snaUlsUlcal comparisons) suggest

several imporUanc fao=ors supporUing the claim cha_ uhe K-1407-C impoundmen=

has uoc adversely i=pacred uhe underlying groundwater. Some of _he more

siEnificanu _acuors include:

(I) Conducclvi_y levels in the downgradien_ wells show _rends of being
ac_rlbuuable co concentrations of nonhazardous me_als (e.g., calcium,

magnesium, eco. ).

(2) _azardous cocmci_uenCs (e.g., barium and arsenic) present in downgEadien_
wells and shown co be s=a=iscically siEnifican= are below d=inking wa¢er

standards (chromium was present in downgEadien_ well U_W-9 in
couceu_ra_ious above drinking wauer s_andards, bu¢ was uo_ srja¢is¢ically

slgn_flcanc).

(3) Concentrations of certain hazardous constituents (e.g., barium and lead)
were above drinking water suandards in _he upgradienc well U_W-6 and lead

_-as s_a_is_ically siEnlfican_ (wiuhin-well cesr). No as|eslr_en¢, period

averages for lead or barium in _he downgradienc wells demonscrauedwater standards.
e.4s_ac.so.c_'.lly siEnifican_ levels or exceeded drinking



Mt. Ronald D. Hult:gren

July 13, 1988
Page 2

n act: ou chs apparent: legit:imacy of chs false-posir_Lva
Therefo=e, based i p _ e=enced above), and upon t:he

£ncludin8 chose pertinent: fact:ors cef
claim ( ......... onit:ocin" s,,at:em, cba Division concurs wLCn
p=opec design o£ rum aececczou m sh clean closure of K-1407-C pond. lt should be,,,,,,,- o_ouomal co proceed wiC ...... . _-J .... -,,,-- by DOE's proposal
;--- .--r- n a reagent: %s pcuv_um, --t,r-o- - .
not:sd hovmver, tbac SUCbL_ S ___ aS out:lined in K-1407-C

' carrion monitoring pcogs:am
to continue a modified de _. -.- ...... JuBtificat£on." Under t:bat: proposal,

nt aQC[ _l_a_ _J.ulu_:_
Groundvate_ hsmemamm ..... 4. -,_A4tion co the within-veil scatist:ical
chs Division will require c._sc, ______-_.-._t:ivlc_,both a wit:hln.-welland au
COM aEison _o ba peE£orme_ _OE =us_._ ;,

Chs quarterly fEequencY rezereuczu u_ _ _-, r
grouudwat:er assessment: _:epoct.

If, durinS t:ba _osuce period, analysis indic_tes a st:at:ist:ically significant:
comparison has occurred foe a hazardous constituent, then DOE _;L_I be requd.ced
to submit co t:ba Division a post _losure petra:Lt: application escablisb_ns a
corrective action p_osram designed to being the facility into compliance rich
applicable S_coundvat:ec _:equirements-

$f 7ou should have any ques:ions regardins ebis correspondence, please feel
free to contact _.]_.s office ac (615) 7_I-3424. ,

Sincerely _-,.

Walks= Y. _ovell
Gaologis_, DOE Unit
Division of Solid _&sCe Management

_TE_/_205B188

ct: Earl LemlnS, _'PC-TDRE
JohSt:ban ¥os:stros, DOE
MiEe Stair:h, _O£ -



MODIFIED DETECTION P___"_.=,&.u..=:ORC-POND
- .

.-;. .... •

Samptinq Frequency - Semiannual/Annual

Pammmers

Semi-artnua]. inclica_ors,Metals

Annual - Inclicmors,WQ Parameters, MetaLs

StmBtics

Indicators - Withtr_wellana ug vs. clown, exce=
conauc_ (w_trtin.wellonly)

Metals - if exceeO pnmary or seconclary artnking wter stanOarO,wiUlin.wetlana up vs.
down. if below stattclar¢l,no _ ana_i¢

Notifications- Aocorclingto regulations.

VB=BRCATIONMoNrroI:BMG

Duration - Minimum of 3 years following ctosure
certification.

Analyses - Same Darammers, frequencies, aria statBtical analyses as Mocl_ecl Detection
Program.

Notificmtonso Followingconfirmation samDiing aria analysi¢ within 7 days to tna TDHE
Commissioner.

Termination - Following6 co_ sampling penocls(3 years) of data I_elowstmlclatas
or at I_acKgmuna¢ortcentnai_ ana tmnO ar_alyus ircUcme
am consmm, aecmasmg, or varying w_ bacXgn:cma _ _ TDHE
provides concummce.

t



I II ii

Xeta I EPA P_oceOure

Aluminum EPA-200.7
Antimony EPA-Z00.7
Arsenic EPA-208.2
Barlum EPA-Z00.7
Bery ! 11_n EPA-200.7
Boron EPA-200.7
C40mlum EPA-200.7
Ctlctum EPA-200.7
Chromlum EPA-200.7
CoM I t EPA-200.7
Copper F.PA-200.7

e Zron EPA-200.7
LuO EpA._0.7
L_ EPA-23g.2
Llthtm EPA-200.7
Hagnesltnn EPA-200.7
Manganese EPA-200.7
Mercury EPA-245.1
Holybaentn EPA-200.7
HtcJ(xI EPA-200.7
Niobium EPA-200.7
PhosPhorus EPA-200.7
PoUssltn EPA-200.7
Selenlwn EPA-270.2
S|1t con EPA--200.7
St lver EPA-200.7
Sodtum EPA-20rJ.7
Strontium EPA-200.7
Tha11tum EPA-27g.2
Therlwn EPA-200.7
Tttanlum EPA-E00.7
Vanacllum EPA-200.7
Zinc EPA-200.7
Zirconium EPA-200.7

el
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