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1.0 INTRODUCTION 

This technical memorandum has been prepared to document the results of baseline groundwater 

monitoring activities (prior to waste placement) for Cell 1 of the on-site disposal facility per the 

requirements of the GroundwaterLeak Detection and Leachate Monitoring Plan (GWLMP) 
(DOE 1997). This technical memorandum also documents the selection of the statistical method used 
to develop control limits for evaluating post-baseline groundwater data as part of the on-site disposal 

facility leak identificatiodevaluation program. 

In addition, this document has been developed to fulfill the applicable or relevant arad appropriate 

requirements (ARARS). to the Final Record of Decision for Remedial Actions at Operable Unit 2 as 
noted in Appendix A of the GWLMP. ARARS pertinent to the on-site disposal facility groundwater 

monitoring program include: 

Ohio Municipal Solid Waste Rules - Ground Water Samplhg ,  Analysis, and statistical 
Methods, Ohio Adminiam 've Code (OAC) 3745-27-1qC) 

Ohio Hazardous Waste General Facility Staradards - New Facilities Rules - General 
Groundwater Monitoring Requirements, OAC 3745-54-97-98 

Resource Conservation and Recovery Act (RCM) Groundwater Protection Standards 
(Laradfills), 40 Code of Federal Regulations (CPR) 264.97-98 

Radioactive Waste Management, U.S. Department of Energy (DOE) Order 5820.2A, 
chapter W3Hk). 

This technical memorandum presents the following Cell 1 groundwater information: 

e 
8 

e 
e 

e Conclusions (Section 6.0). 

Groundwater monitoring sampling protocol (Section 2.0) 
Data evaluation and statistical methodology (Section 3.0) 
Baseline statistical groundwater results (Section 4.0) 
Post-baseline monitoring, data evaluation, and reporting (Section 5.0) 

The baseline data set for Cell 1 of the on-site disposal facility is provided in Appendix A. The 
statistical equations for the Shcwhart-Cusum methodology are provided in Appendix B. Shewhart- 

Cusum control charts are provided in Appendix C. e 

i 

2 

3 

4 

5 

6 

7 

a 

9 

10 

11 

12 

13 

14 

D 
16 

17 

ia 

19 

m 
21 

P 
23 

24 

25 

m 
27 

P 

29 

m 
31 

. 3 2  

33 

34 

35 

36 

37 



FEMP-DF-CELLlBTM DRAFT 
RcvisianB - 1136 september25,199i) -. 

2.0 GROUNDWATER MONITORING SAMPLING PROTOCOL 

This section discusses the monitoring locations, constituents, sampling period, and total number of 

samples collected to establish baseline conditions for Cell 1 of the on-site disposal facility. 

As identified in the GWLMP, the groundwater monitoring network for each cell of the on-site disposal 

facility is camprised of the following components: 

8 Horizontal till well along the west side of the on-site dispod facility and below the 
leachate collection system (LCS) and leak detection system (LDS) sump area 

8 UpgradientType2GreatMiamiAquifermonitOringwell 

8 Downgradient Type 2 Great Miami Aquifer monitoring. well. 

As shown on Figure 1, with respect to Cell 1, the horizontal till well is i d e e e d  as 12338, the 

upgradientType2 Great Miami Aquifer well is identifiedas22201 and the downgradientw 2 Great 

Miami Aquifer well is identified as 22198. The upgradient and downgradient designations for Type 2 

monitoring wells relate to the natural west to east flow gradient for groundwater which exists in the 

vicinity of the on-site disposal f a c i i .  At times during remediation of the Great Miami Aquifer, 

pumping operations are projected to temporarily.change this gradient. The change in flow direction 
during aquifer remediation will affect the approach to data interpretation. Specifically, data evaluation 

will focus on "intra-well" comparisons rather than the staradard upgradient to downgradient inter-well 

comparisons. This approach is reflected in the GWLMP and in Section 3.0 of this documenr. The 

on-site.disposal facility perched water and groundwater monitoring locations are shown on Fv 1, 

which also depicts the footprint of the on-site disposal facility within the Femald Environmental 
Management Project (FEMP) site boundary. 

The list of constituents monitored at these locations (referred to as the on-site disposal facility leak 

detection groundwater monitoring constituent list) was developed in llccocdancc with Ohio Solid Waste 
and Hazardous Waste Regulations, which an discussed in Sections 3.0 d 4.5 of the on-site disposal 
facility GWLMP. These constituents were selected from the 41 FEMP waste acceptance criteria 
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constituents listed in the Operable Unit 5 Record ofDecision as noted in Section 4.5.2.1 of the 

GWLMP. Selections were made according to the following information, as detailed in Section 4.5.2 ~ 

of the GWLMP: 3 

I 

2 , 

4 

5 

6 

1 

8 

9 

10 

11 

12 

13 

background groundwater. 14 

1s 

e w, quantity, d c o -  'on of waste constituents to be disposes of at the f a c i i  

Mobility, stability, and persistence of waste constituents or their reaction products in 

Detection of the groundwater monitoring constituents, waste constituents, and $eir 
reaction products in the groundwater 

Concentration of grouxxhtkr monitoring constituents or waste constituents in 

0 

the unsaturated zone beneath the facility 

e 

e 

Table 1 presents the groundwater monitoring constituents identified in the GWLMP for the on-site 
disposalEacilitygroundwaterleakdetectionmonitOringprogram. TheseconstituentSsuppl~the 
list identified for the leachate flow and water quality monitoring conducted in the LCS and LDS layers 

of Cell 1. Together, idormation gathered from the perched water, graundwater, LCS and LDS 
provide the basis for the on-site disposal facility leak identificatiodevaluation program. 

The sampling criteria for establishing baseline perched water and Great Miami Aquifer conditions, as 
defined in the GWLMP, included the collection of at least 12 samples from each well prior to waste 

placement. During the Cell 1 baseline sampling period greater than 12 samples, in most cases 15 were 
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collected at each monitoring location. Laboratory analyses were perfomed on all grouodwater 

samples for each constituent listed in Table 1. 
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The GWLMP generally envisiohed a monthly sampling fmpency for baseline monitoring in order to 

waluate seasonal variation, however, the plan acknowledges the potential for accelerating this 
schedule, as necessary, to accommodate construction and waste placement activities. For collection of 

per month) was necessary due to the CollStNction schedule associated with the installaton and 
development of the Cell 1 perched water and Great Miami Aquifer wells. The sampling frequency was 

increased to support the collection of the required number of samples to support statistical evaluations 
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TABLE 1 

CONSTITUENTS OF THE GROUNDWATER LEAK DETECTION MONITORING PROGRAM 

Radionuclides 

VolatiIe organia 

semi-volatile organics 

TCCbtlUm * -99 
Uranium, Total 
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and to provide, to the degree possible, an evaluation of the range in natural variability of groundwater 

quality. 

Installation and development of the Great Miami Aquifer wells (22201 and 22198) for Cell 1 were 
completed in March 1997. Baseline monitoring in the Great Miami Aquifer was coxducted over a 
10-month period beginning in March 1997 and contiming through early December 1997. During this 
time, a total of 15 sampling rounds were completed for each well. The 10-month period of sampling 
the aquifer provides reasonable assurat~ce that the data encompasses seasonal fluctuations in 

groundwater quality. 

Unlike the Great Miax& Aquifer wells which lie outside the on-site disposal facility footprint and can 

be installed independent of the f a c i i ' s  construction, the perched water well is an integral part of the 
construction of each cell of the on-site disposal facility.  he sequence'of construkon activities 
includes the installation of the perched water well prior to the construction of the secondary clay liner 

, system. In the case of Cell 1, installation of the perched water well (12338) was completed in 
October 1997. The sampling of the perched water for Cell 1 was conducted from the end of October 
through early December during which time 15 sampkg rounds were completed. This sampling was 
successful in fulfilling the minimum baseliue sample requirements and providing a snapshot of baseline 
perched water conditions prior to first wasteqlacement. However, due to the compressed sampling 

schedule, the data set is limited in regards to representing the full range of seasonal variability in 

perched water quality underlying the on-site disposal facility. Reconmrendations for addressing this 
issue and for modi@ing the overall approach for establishing baseline perched water conditions are 

discussed in detail in Section 4. 
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3.0 DATA EVALUATION AND STATISTICAL METHoDoLoGY 

This section identifies the process for evaluating baseline data, the data methodology prior to 
performing statistics, and the statisljcal methdology used to establish "control limits" from baseline 

conditions. The baseline data for Cell 1 are provided in Appendix A. 

3.1 DATA E VALUATION AND PREPARATION 
The baseline data from each well were reviewed to dennine detected constituents. Table 2 highlights 
constituents (by location) which were detected and presents the frequency of detection. If at least one 
detection occurred per constituent, per well, then further Gtatistical evaluation was conducted. If there 
were no detectable concentrations, per well, then no statistical evaluation was performed and baseline 
conditions for that constituent and well are considered to be wnondetectable". 

For detectable c m s t i t u ~  highlighted in Table 2, the following criteria were u& to prepare the data 
for statistical analysis: 

e Use half the non-detectable c0xmntm.1 'on ( d t s  with validationqualifer of U or UJ) 

e Use a concentma 'on of zero if tht validattd result was less than zero (e.g., radiological 
constituents can have negative concum& 'om when laboratory backgrounds are 
subtracted from results.) 

e 
0 

Use the maximum result of either field duplicate or n o d  sample, if more than one 
sample exist for a given location on the same day 

e Do not use rejected data (results with validation Qualifier Z or R). 

Appendix A provides the data prior to executing the above criteria. 
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TABLE 2 

F'REQUFNCY OF BASELINE CONSTITUENT DETECTIONS IN GROUNDWATER 
FOR CELL 1 OF THE ONSITE DISPOSAL FACILITY 

I 
GnatMiamiAq~if~r GreatMiamiAquifer 

Perched Water Hariurntal ManhatiDg Well 22201 Monitor& Well 22198 

(Number of Samples with (Number of Samples with (Number of Samples with 
~ b N u m b e r  D e t c c w b m  Detccti&b/Numbet 

of salnDks9 OfSamPl& of S8nlDles9 

Till Well 12338 U P m -  

0115 0115 0115 

0115 

0115 
0115 

0115 
0115 
0115 - 
0115 
0115 
0115 , 

0115 
0115 
0115 

0115 
0115 

0115 
0115 
0115 

0115 0115 

0115 
0115 
0115 ' 
0115 
0115 
0115 

0/15 
0/15 
0115 

0115 

I 
Note: 

IThe number of samples with detections is based onresults qulifkiwitheithet a- or J qualifier. 
%there was mort than ollc sample cokctcd per well per amaimat per day (e.g., a duplicate sample), thw ~ n l y  
themaximumconcmmQ 'onwascopnted. 
9hedetectabltcanceDsrpxl *om f h m  samples collected on August 26,1997, arc thought to be suspect; however, 
then was not cmgh (LIMIplf left for nanalyses. 
dAllfiveclcwmls * forbmmddll orornctbx wcrc estimated (J vatidatian qualifier) at a m n c a t m m  ' thatwas 

(J validation quaIifier) at a cmcemab 'on tha! Was well 
below the contractrequircddetectianlimit. 
'The ane dctoction for tctrachlaroethcM was estimated 
below the contract required dctcctim limit. 

idicatm the constituent has detectable umcdrations for at least one monitorhg location. I 
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3.2 m x  
Following data preparation, an intra-well, or well-by-well, trend analysis control chart methodology 
was selected for Cell 1 for the following reasons: 

e Conforms with the guidance as set forth in the Operable Unit 2 ARARS as listed in 
Section 1.0 

e Control charts are simple; they use standatdrzed ' € h i t s  against which to compare a 
standardized mean and cumulative difference in standard deviations 

e Suitable for Great Miami Aquifer wells because groundwater flow direction will vary 
throughout the course of groundwater restoration 

Suiible for perched water because the primary flow direction within the glacial till is 
vertical (i.e., there is no discemable upgradient versus downgradient) 

e 

e Consistent with the U.S. Environmental Protection Agency (EPA) Statistical Analysis 
of Groundwater Monitoring Data at RCRA Facilities, Interim Final Guidance 
@PA 1989). 

Control charts are widely used as a relatively simple statistical tool. The Statistics of interest are 
computed and plotted together with upper and/or lower predetermined limits on a chart where the 
x-axis represents time. These limits, or control limits, are detcnnincd from baseline monitoring data. 
Ifa d t  falls outside these boundaries, then it is considered a sigdicaut change from baseline 
C O d i t i O ~ .  

The statistical method selected for developing the control limits is the combined Shewhart-cumulative 
sum (Shewhaa-CUSuM) contro1 chart method. Under this method, results are plotted over time and 
compared to.contr01 limits which are determined from the baseline data set. Specifically, the baseline 
data were used to establishthe meanand standard deviation in order to determine control limits. The 
control limits established through this method provide the basis for identify@ significant changes in 
perched water and groundwater quality relative to baseline conditions. A control chart was constructed 
for each well and detected constituent, thus providing a record of trend and the ability to observe 
significant changes in the data. This type of control chart has been selected as the most appropriate for 
the on-site disposal facility because RCRA guiaanCe specifically identiiies it in relation to statistical 

analysis of groundwater monitoring data. Appendix B provides the equations used to construct the 
Shewhart-CUSUM control charts. 
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4.0 BASELINE STATISTICAL GROUNDWATER RESULTS 

This section presents groundwater baseline statistid results for Cell 1 of the on-site disposal faciity. 
For Cell 1, of the 16 constituents monitored during the baseline period, the following constituents 
were detected: 

e 
e 
e 

Six constituents were detected in the perchad water (Horizontal Till Well 12338) 
six coI1stitllcn$ were detected m the Great Miami Asuifer well 22201 
Four constitum were detected in the Great M i  Aquifer well 22198. 

Appendix C presents the control charts by well for each dettcted c o d a .  These control charts 
identify that no baseline data are "out of control" for either the Shewlyrt or CUSUM control limit. 
Table 3 presents summary information from the Control charts provided in Appendix C, including the 
mean (p), sarnple stamhi deviation (G), and the Shewhart and CUSUM control liplit concentrations 
that will be used to i d e e  sample concemat~ 'om that are "out of control". Appendix B provides the 
equations to generate the Shewhart and CUSUM control limit concentrations. Table 3 also pmnts  
the range of baseline data for the perched water and Great Miami Aquifer ,wells, kspectively. 

- 

4.1 pERcHEDW- 
Table 3 idesldifies the range of concentrations for the six consthnts detectedduringbaseline 
sampling. As identified in Section 2.0, due to the compmsed sampling schedule, the baseline data set 

is limited in reg ardsto rep- the range ofvariability inperchccl.water gualityunderlying cell 1 

of the on-site disposal facility. Further evidence supporting this determination is found in the 
comparison of baseline results with the initial post-baseline perched water sample results for Cell 1 and 
in data pmented in the Pre-design Investigation and Site Selection Report for the On-site Disposal 
Facility b d  Addendum (DOE 1995 and DOE 1996, mpedively). This information is summafized 
below. 

e The first quarter (February 1998) post-baseline total uranium 
horizontal till well 12338 of 19 micrograms per liter was detemmd t o d  
both the maximumbaseliae datum and respective s b w h a r t c o ~ l  limit (11.3 pg/L) - 
established from the baseline data. when compared to uranium data collected from the 
LCS and LDS (49.3 and 1.5 &L, rtspectively), it is clear that the perched water data 
e x c e e d s t h e c o ~  'on measured in the LDS and was therefore determmed - tobe 
unrelated to leakage from the disposal f a c i i .  Rather, this data point is consided to 
reflect a natural fluctuation in uranium comentmti on. 

'on from 

e Data collected for the pre-design report indicated a greater variabii for total uranium 
concentrations. Total uranium concentrations from the predesign report ranged from 
not detectable to 35 pgL,  whereas the concentmtions from the baseline data sct ranged 
from 1.37 to 7.454 pgL. 

, 
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The comparisons between the predesign, baseline, and post-baseline data sets highl@t the variabii  
of the perched water quality that canbe expected, and therefore suggests that the baseline data set used 
to calculate the control limits for Cell 1 does not adequately account for this variability. The potential 
impact of u t i l i i  this limited, pre-waste placement baseline data set alone in developing control limits 
for Cell 1 is the increased likelihood that false positive results will occur. In other words, results 
exceeding the control limits will be identified as significant changes in water quality frombaseline 

'u- 1136 
1 

2 

3 

4 

5 

conditions when in fact these results reflect the natural variabilii in penhed water quality. 

To remedy this problem, the DOE is recommending modification to the approach in de€ining baseline 
conditions for the perched water beneath those cells where construction and waste placement schedules 
do not allow adeqmte time to asses the seasonal variability in pre-waste placement perched water 
quality. The DOE proposes to use the additional baseline data from the horizontal till well for Cell 2 
to create a single, comprehensive baseline data set for the perched water underlying Cells 1 and 2. 

This additive approach will enable the establishment of a perched water data set that incorporates 
seasonal variabw. When the pre-waste placemat characterization is complete for Cell 2 (fouith 
quarter 1998) and the validated analytical results are available a comprchezlsivb pre-waste placement 
perched water baseline for Cells 1 and 2 will be established. However, until the perched water 
baseline is further establiied, the l i i  identified in Table 3, will be used to compare to post-baseline 
dataand willbe referredto as intcrimlimits. 

4.2 

Table 3 identifies ranges of concentrations for the six constituents detected in the Great Miami Aquifer. 
With the exception of boron, generally the concerdrat! 'om from the aquifer wells are consistent with 
those idcntSed during the Operable Unit 5 remedial invcstigation/fcasibility study (RYPS) process and 
in RCRA annual reports. During the RYPS process, boron was not considered a significant 
groundwater'contambnt, and therefore it was not extensively sampled. 
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5.0 POST-BASELINE MONITOmG, DATA EVALUATION, AND REPORTING 

This section identifies the on-site disposal hicility post-baseliue monitoring requimnents, the proposed 
evaluation methodology for post-baseline data, and the medumsm ofreportingthisdata. 

5.1 1: 

following: 
Post-baseline monitoring for Cell 1 was initiated during the first quarter of 1998 and ahsists of the 

e 
e 
e 
e 
e 

Quarterly monitoring of the perched water horizontal till well for Table 1 co- 
Quarterly monitoring of the Great Miami Aquifer wells for Table 1 consthem 
Quarterly monitoring of the LCS and the LDS for Table 1 constituents 
Monthly monitoring of leachate volumes in the LCS 
Weekly monitoring of liquid volumes in the LDS manhole. 

The above monitoring is consistent with the requirements of the GWLMP. In addition, the K S  will 
be monitored annually for a longer list of constituemds which are provided in tbe GWLMP. 

5.2 ? O S T - B ~ U A T I O I ' f :  
The methodology d c s c r i i  below outliaes the manner in whi& all 16 on-site disposal facility 
constituents of concern will be evduatcd with respect to baseline conditions and the overall Cell 1 

system. 

e constituescs that are detected during pos-basehe monitoriug and were also detected 
during the baseline period will be evaluatedto ensure that they are within the 
established control limits. Inaddition, the reasonableness of fhese data willbe 
evaluated by comparison to their m q x m d m g  perchedwater,LCsaadLDs 
COIlWIltratiOIlS. I .  

e. Constituentsthataredetactedintheperchedwater~post~~rtronitoriag,but 
were not detected during the baseline period will be compared to their conesponding 
cmcmtrations in the LCS and LDS to determine if their presence in the perched water 
could be indicative of a release. 

e Constituents that are detected in the Great Miami Aquifer during post-baseline, but 
were not detected during baseline will be compared to their respective cowcarations 
in the perched water, rtcs and LDS dong with upgradient graundwater conditions to 
determine if their presence in the aquifer could be indicative of a release. 

e Constituents that are neither detected during post-baseline nor were detectsd during 
baseline will be considered within control limits. 
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In addition to the control chart analysis of groundwater samples, the quantity and quality of water 
detected m the LCS and LDS will be reviewed for trends over time. The data review will determine if 
the volume of water observed in the LDS and LCS is incming. If increases are observed, then the 
data will be fuaher evaluated to determine if a correlation between analytes in the two systems exist 
that could indicate a potential release. 

5.3 pOST-3-pEwRTING 
Consistent with the reporting strategy outlined in the GWLMP, monitoring results will be reported 
through the Integrated Environmental Monitoring Plan (IEMP) quarterly status reports and annual 
report. IEMP quarterly status reports will include the following: 

e .  A summary of results from quarterly post-bascline groundwater sampling for Cell 1, 
which was initiated following first waste placmcnt in the cell. 

e A summary of LcS and LDS volumes and co- concemat~ 'Oris 

disposd facility cells. 
e A summary of groundwater monitoring activities associated with the other on-site 

The follow@ information will be included mthe IEMP armunt report: 

Program The control charts for the on-sitedispod f a c i i  gmmdwammonrtonag 
and discussion of results. 

. .  e 

e Graphical presentations of Lcs ahd LDi volume and co- 
concentrations and discussion of d t s .  
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6.0 CONCLUSIONS 

The information provided in tbis tecbnid memorandum meets the objectives and specific rquhements 
of the groundwater leachate monitoring program by: 

e Documenting the results of baseline monitoring for perched water and groundwater 
conditions for Cell lof the on-site dbposal facility 

e Establishing control charts and control limits via appropriate statistical methods to be 
used for the poet-baseline evaluation of perched water and groundwater data for Cell 1, 
as part of the overall leak detectiodevaluation program for the on-site disposal facility. 

The data compiled over the baseliue period for Cell 1 provides a snapshot of groundwater conditions 
prior to waste placunent in the cell. This data is of sufficient Quantity and quality to support the 
selection and development of a statistical tool (combined Shewhart-CUSUM control charts) for 
conducting future comparisons of Great Miami Aquifer quality to baseline conditims. The combined 
Shewhart-CUSUM control charts provide an effective means of assessing trends in the data and 
w i n g  significant changes in water quality relative to baseline d o n s .  

The Shewhart-CUSUM control charts were also determined to be an acceptable method for evaluating 
changes in perched water quality. However, the baseliue data was found to be bufficient in 
representing the potential temporal variability of perched water conditiom beneath Cell 1. Therefore, 
the reasonableness of the perched water control limits established from the current baseline data set is 
questionable in that future false positives will l i l y  occur. Additional perched water quality data is 
required to establish a representative perched water data set for Cell 1. To provide the additional 

temporal data, the DOE reconrmends comb- the baseline data sets for Cells 1 and 2 to create a 
comprehensive baseline data set for the perched water underlying those cells. 

The remaining cells of the on-site disposal f a c i i  will be designed similar to Cell 1, and will have 
similar well configuratons; therefore, the Shewhart-CUSUM charts are expected to be used for the 
perched water and groundwater data evaluation process for each successive cell. Should any changes 
to the evaluation approach be required, the modifications will be proposed in future technical 
iXl€?XlOl.aIlda. 

The data collected through the on-site disposal facility groundwater monitoring program provides part 
of the overall leak identifiratindevaluation program for the disposal facility. The results from 
post-baseline perched water and Great Miami Aquifer sampling will be assessed against the control 
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limits and interim control limits established in this report. In addition, these data will be evaluated 
with volume mc88uTcmRnts and constituent concentrations measured in the LCS and LDS to gain a 
wmprehcnsive understanding of the system dynamics. Together this information provides for ongoing 
assurance that the on-site disposal facility cap and liner systems arc performing as designed, by 

establishing a mechanism for early leak detection and assessment. 

. .  
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I 

2 

The following data table, Table A-1, includes well number, consthent , date saorpled, validated result, 3 

validation qualifier, units, and type (e.g., N = Normal and FD = Field Duplicate). The data in the 
table are sorted in the following order by well number (12338,22201, and 22198), constituents (as 

found in Appendix D, Section D.2.4.1, of the Sitewide CERCLA Quality Assurance Project Plan 
(DOE 1998). 8 

4 

5 

6 

7 

defined in Table 1 of the repor&), and sample date. An explanation of validation qualifier codes can be 

9 

10 

11 

It is important to note that several baseline technetium samples were reanalyzed due to the suspect 
nature of the concentrations. Reanalysis were performed for the following: 

e 
a 
a 

Horiurntal Till Well 12338 - sample from November 3 
Great Niami Asuifer Well 22201 - samples from June 25 
Great Miami AquSer Well 22198 - sample from June 25. 

All reanalysis yielded non-detectable umcentm '0118. The original analysis (qualified with either 
a R or Z) and reanalysis are provided within this appendix. The normal and field duplicate sample 
results from Monitoring Well 22201 on August 26,1997, are also thought to be suspect; however, 
there was not enough sample left for m y s e s .  ~bese data were u& in the statistical evahmtion. 

AU data provided in this appendix, with the exception of the techmum -99 reanalysis, has been 
previously prdvided to the agencies in electronic format through the IEMP quarterly and annual ' 
reports. 
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TABLE A-1 

COMPLETE ON-SITE DISPOSAL FACILITY CELL 1 BASELINE DATA SET 

12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338. 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 

3.1 
6.3 
3.7 
2.1 
7.9 
9.2 
9.3 
8.8 
8.1 
11.4 
9.4 
8.8 
8.5 
9.7 
7.7 
11.6 

0.0085 
0.W 
0.056 
0 . W  
0.0148 
0.0115 
0.0132 
0.0115 
0.0156 
0.00% 
0.005n 
0.m 
0.0086 
0.0126 
0.00991 
0.103 
0.0934 
0.293 
0.685 
0.04!43. 
0.0375 
o.un 
0.m1 
0.0476 
0.0448 
0.0623 
0.0452 

J 

J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 

! 

U 
U 
U 
U 
U 
U 

J 
J 

men 
men 
men 
men 
mon 
men 
men 
men 
mJL 
mJL 
lson 
men 
mon 
men. 
m e n .  
men 
mdL 
m d L .  
men 
mdL 
lssn 
men 
mdL 
mdL 
men 
men 
mlrn 
mon 
mon 
men 
mdL 
lprrn 
men 
Illrrn 
mon 
men 
mdL 
mJL 
m9n 
mon 
men 
mon 
men 

N 
N .  
N 
N 
N 
N 
N 
N 
N .  
N 
N 
FD 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
m 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
FD 

Validated Validation 
Date Sampld Result Units 

10130/97 
10/31/97 
1113m 
11/m 
11/5/97 
11/6/97 
11nm 
11/10/97 

llllrn 
1111m 
11/17/97 
11117197 
11118197 
11mm 
12/1/91 

1218/97 
10130/97 

1M1m 
11/3/97 
11/5/91 

11/6/97 
31/7/97 
llllw97 
llllrn 
11/14/97 

11/17/91 
11/17/97 
11118rm 
11/25/97 
lUl/97 
12/8/97 
1 o m  
10/31/97 

13/3/97 
11/w 
11/5/97 
111m 

11110197 
llllzrm 
11114m 
11/17/91 
11/17/91 

1 inm 
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TABLE A-1 1136 
(Continu@ -- 

validated validation 
WellNmber Constituem Datesampl ed Result Units 

12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
123q 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 

12338 llllslQl 
11/25/97 

12/1/97 

12/8/97 
10130/97 
10/31/97 
11/3/97 

11/m 
11/5/97 
111m 

11110197 
llllu97 
11/14/97 
11/17/97 
11/17/97 
11/18/97 

11/25/97 

1u1m 
12/8/97 
10130/97 

10/31/97 

11/97 
11/97 
11/3/97 

11/4/97 

11/4/97 
11/5/97 
11/5/97 
11/6/97 

11/7/97 

1 lIlolq7 
11/12/97 
11114tY7 
11/17/97 
11/17/97 
11118197 
1 lluwl 
12/1/97 

12/8/97 
10130/91 

10/31/97 
11/3/97 

1 inm 

11/7/97 

0.0333 
0.0415 
0.0407 
0 . m  
0.01 
0.m1 
0.01 
0.m1 
0.m1 
0.m1 
0.01 
0.01 
0.01 
0.01 
0.m1 
0.01 
0.01 
0.01 
0.01 
0.01 
6.49 
16.94 
71.3 
16.25 
0.74 
21.1 
7.36 
13.7 
4.6 
12.39 
7.84 
5 .os 
4.07 
11.52 
5.12 
7.07 
8.51 
9.5 
5.68 
5.5 
7.% 
1.417 
3.867 
4.673 

U 
U 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
W 
U 
U 
U 
W 
J 
Z 
R 
U 

R 

R 
J 
R 
U 
W 
J 
UJ 
J 
J 
J 

UJ 
W 
W 
J 
J 
J 

N 
N 
N 
N 
N 
'N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
PD 
N 
N 
N 
N 
N 
N 
N 
N' . 
N 
N 
N 
N 
N 
N .  
N 
N 
N 
N 
N 
N 
PD 
N 
N 
N 
N 
N 
N 
N 



_ -  
F E M P - O ! D ~ l B T M  DRAFT 

Revi6icmB 
september25.1998 

TABLE A-1 
(Continued) 

validated v* 
WcllNmnber constituart Dam sunpled Result Qualifiu Unirs 
12338 Utupima Toal 11/4/97 4.192 . J  ron N 
12338 Unnirmo, Tool 11/5/97 4.18 J P S n  N 
12338 Urauimn, Tool 11/6/97 5.106 J rdL N 
12338 Uranium, Tool 11/7/97 4.19 J P S n  N 
12338 Urauium, Toal 11110/97 4.345 J rsn N 
12338 U&. Toal 1 1/12/97 7.454 J r9n N 
12338 Unmhrm, Tarrl 11/14/97 4.334 J PJL . N 
12338 Utupima T d  11/17/97 4.423 J P J L  N 
12338 Unnhmr. Tool 11/17/97 4.76 J P d L  FD 
12338 Urauimn, Tool , 11/18/97 4.323 J wn N 
12338 Utupima Toal 1 lr25/97 1.37 J P d L  N 
12338 Utupima Toal lUl# 1.57 J P J L  N 
12338 Unnirmo. Topl 12/8/97 1.74 J P d L  N 
12338 1,l-DiehloramWc 1013OwI 3 U . P d L  N 
12338 1.b- 10131WI 3 U wn N 
12338 1.b- 11/3/97 3 U rdL N 
12338 1.b- 11/4/97 3 U rsn N 
l2338 1.1-- 11/5/97 3 U rm N 
12338 1.L- 11/6/91 3 U P J L  N 
12338 1,l-DieblorOslbmt 11/7/97 3' U PJL N 
12338 1.l-DicblOroabent 11/10/97 3 U r%L N 
12338 1.l-DichlorOetheoe 11/13/97 3 U ron N 
l2338 l.l-Difhtoroemmc 11/14/97 3 U rm N 
l2338 1.1-w- 11/17/97 3 U P S n  N 

* 12338 l.l-Dic$llorueuEls 11/17/97 3 U rsn FD 
l2338 1.1-m- llll8t97 3 U rm N 
12338 1.1-DiChl- 11mm 3 U ron N 

12338 1. l-Dicblorostbsne 12/8/91 3 U P S n  N 
12338 13- (Tow lMowI 10 U ron N 
12338 * 12-w- (Toal) 10/31/97 10 U P d L  N 
12338 12-m- (Tool) 11/3/97 10 U rcsn N 
12338 1 2 - D i C h o ~  (Totd) 1114191 10 U P f l  N 
12338 12-- (Totdl 11/5/97 10 U rsn N 
12338 1.2- (Tool) 111m 10 U P a  N 
12338 1&w- (Tow 11/7/97 10 U P d L  N 
12338 12-M- (Tool) llllowl 10 U rsn N 
12338 12-Dichlo- (Tow llllum 10 U ron N 
12338 1.2-DiChlolauhels (TotaI) 11/14/97 10 U P J L  N 
12338 1,2Dicblo~ (Tow 11/17/97 10 U rsn N 
12338 12-Dicbloroemw (Total) 11/17/97 10 U P a  FD 
12338 13- (Tow 11118WI 10 U P S n  N 
12338 1.2-DichlOroethene (Tool) llm# 10 U P f l  N 
12338 12-m- (Total) 12/1/97 10 U N 

12338 1.1-w- 12/1# 3 U r9n . N  
, .  
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validated validation 
DateSampied Result QurliU Units 

12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
I2338 
12338 
12338 
12338 
12338 
‘l2338 
12338 
12338 
l2338 
12338 
I2338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 

I 12iWl 

10130197 
10/31/97 
11/3/97 
11/4/97 
11/5/97 
11/6/97 

1 inm 
11110197 
11112197 
11/14/97 
11/17/97 
11/17/97 
11/18/97 

11125wI 
1u1191 
12/8/97 

10130197 
lanl/97 
Ili3/97 
11/4/97 
111sm 
1 1/6/97 

11110197 
1 lllrn 
11/14/97 

11/17/97 
11’117/97 
11/18/97 

11m/97 

12/1/97 
1218wI 
10130197 
10131/97 
11/3/97 
11/4/97 
11/5/97 
11/6/97 

iinm 

1 inm 
11110197 
Ill12197 
11114/97 

11/17/97 

10 
10 
8 
10 
3 
2 
2 
10 
2 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
IO 
10 
10 
10 
10 

10 
10 
10 
10 
10 
10 
10 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

U 
U 
J 
U 
J 
J 
J 
U 
J 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
m 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
m 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
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12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
I2338 
12338 
12338 
12338 
12338 
12338 

11/17/97 
11/18/97 
11125/97 
12/1/97 
12/8/97 
101u1197 
1 m 1 m  
11/3/97 
11/4/97 
11f5m 
11/6/97 

11/10/97 
11/12/97 
llllru97 
11/17/97 
11/17/97 
11/18/97 
1 1nSm 
W1/97 
1u8/91 
10/30/97 
1 m 1 m  
11I3m 
1114197 
1 1/5/97 
1116191 
11/7/97 
11110197 
11/12/97 
11/14/97 
11/17/97 
11117197 
11/18/97 
11mm 
la1197 
12/8197 
10130/97 
1 m 1 m  
1 1 m  
1114WI 
1115t97 
11/6/97 

iinm 

i 1/7/97 

2 
2 
2 
2 

2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
2 
2 
2 
2 
2 
2 
2 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
u 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U. 
U 
U 
U 
U 
U 
U 
U 
U 
U 
UJ 
U 
U 
U 
U 
U 
U 

FD 
N 
N 
N 
N 
'N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
FD 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N .  
N 
N 
N .  
N 
N 
FD 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
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1736 (Continued) -- TABLE A-1 

Validated V a l i m  
Date sampled Result Q u r l i  Units 

12338 
12338 
12338 
12338 
12338 
12338 
I2338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
I2338 
12338 
12338 
l2338 
l2338 
12338 
I2338 
12338 
I2338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
12338 
22201 
22201 
22201 

-~ 
11/1w!n 
1 lllu97 
11114m 
11/17/97 
11/17/97 
1Y18wI 
11mm 
12/1/97 
1u8wI 
10130/97 
10131/97 
11/3/97 
11/4/97 
1115wI 
11/6/97 
11l7/97 
11110197 
llllrn 
11111197 
1 1/17I!n 
11/17I!n 
I U 1 W  
11mm 
12/1/97 
1218/97 
1013OwI 
10/31/97 
11/3/97 
1114197 
1 1/5/97 
11/6/97. 
11/7/97 

11110197 
l l l lrn 
11/14197 
11117t97 
11/17/97 
1 1/18/97 
11125197 
12/1/97 

12/8/97 
3/31/97 
3/31/97 
4/30/97 

A-7 

2 
2 
2 
2 
2 
2 
2 

2 
2 
5 
5 
5 
5 
5 
5 

5 
5 
S 
5 .  
5 
5 
5 
5 
5 
5 

0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
13.7 
11.7 
1.9 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
W 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
u, 
U 
U 
U 
U 
U 
U 

N 
N 
N 
N 
FD 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N .  
N 
N 
N 
N 
m, 
N .  
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
FD 
N 
N 
N 
N 
N 
FD 
N 

. 
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TABLE A-1 
(CQmtlnaed) 

Validated Valiidntion 
Date sampled Result Q u r l i  Units 

22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 

'22201 
22201 
22201 
mO1 
22201 
22201 
22201 
-1 
22#)1 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
mOl 
mOl 
22201 
mOl 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 

5/14/97 
5\14/97 
5 m  
6/17/97 
m/97 
m197 
719m 
7I9m 
7/30/97 
W/97 
W/97 
8126197 
8126197 
8126/97 
9 / 1 w  
9116/97 
1011197 
11mm 
luum 
1u8/91 
1u8w7 
3l31191 
3/31/97 

*4/30197 
.. 5 1 1 h  

5/14/97 
58/97 
w17m 
m m  
m m  
7/9/97 
7l9m 
7/30/97 
8/7/97 
8/7/97 
8/26/97 
8/26/97 

9 / 1 m  
9/16/97 
1w1191 
11mm 
12/2/97 
1218/97 
lu8/m 

4.1 
1.8 
1.5 
3.4 
2.4 
2.5 
4.48 
3.7 
22.5 
13.5 
20.9 
37.6 
7.39 
9.66 

0.0186 
0.014 

24 
16.5 
163 
13.7 
12.5 

0.078 
0.m 
0.061 
0.022 
0.0265 
0.0268 
0.0074 
0.0176 
O.o#xz 
0.0069 
0.005 
0.005 
0.0066 
0.056 
0.005 
0.0055 
0.W 
0.005 
0.012 
0.m 
0.0228 
O.Ml4 
0.0236 

J 
J 

J 
J 

J 
J 
J 
z 
J 
J 
J 
J 

J 
J 
J 
J 
J 
w 

J 
J 

U 

J 
w 
U 
U 
U 
UJ 
J 
UJ 
UJ 
UJ 

U 

men N 
FD 
N 
N 
N 
FD 
N 
FD 
N 
N 
FD 
N 
N 
FD 
N 
FD 
N 
N 
N 
N 
FD 
N 
FD 
N 
N 
FD 
N 
N 
N 
FD 
N 
FD 
N 
N 
m 
N 
FD 
N 
FD 
N 
N 
N 
N 
FD 
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(Continued) 

v a l i i  validation 
Date snmpled Result Qualifier UDits 

22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22.201 
22201 
22201. 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 

3/31/97 
3/31/97 
4130191 
5/14/97 
5/14/97 
5/28/97 
W17/97 
w25/97 
mf!n 
7/9/97 
7/9/97 
7130197 

8/7/97 

8/7/97 

8126/97 
8126/97 
911m 
9/1m 
1011197 
11125/97 

1212197 
12/8/97 

12/8/97 
3/31/97 
3/31/97 
4/30197 

5l14m 
5/14/97 
5128/97 
6/17/97 
6/25/97 

6125197 
7/9/97 
7/9/97 
7m97 
8l7l97 
m/97 

mW97 
m6I97 
9/16/97 

911m 
1011197 
11/25/97 

1uu97 

0.0575 
0.0444 
0.07 

0.0777 
0.0812 
0.0869 
0.0544 
0.0732 
0.0724 
o.oss1 . 
0 . W  
0.0% 
0.0735 
0 . m  

. 0.0819 
0.0748 

0.1 

0.102 
0.105 
0.123 
0.114 
0.114 
0.112 
0.m1 
0.m1 
0.m1 
0.m1 
0.m1 
0.m1 
0.oO01 
0.m1 
0.m1 
0.m1 
0.m1 
0.m1 
0.m1 
0.m1 
o.ooo1 
0.m1 
o.oO01 
o.Ooo1 
0.m1 
0.m1 
0.m1 

U 
U 
U 
U 
U 
U 
U 
U 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

men 
msn 
WL 
men 
men 
men 
men 
men 

WfL 
men 
men 
men 
m%L 
mdL 
men 
mdL 
men 
men 
mdL 
men 
msn 
WfL 
men 
msn 
WfL 
mdL 
mJL 
mdL 
msn 
men 
msn 
WfL 
msn 
w.L 
msn 
men 
men 
men 
m 
msn 
msn 
men 
msn 

4 

N 
FD 
N 
N 
FD 
N 
N 
N 
FD 
N 
FD 
N 
N 
FD 
N '  
FD 
.N 
FD 
N 
N 
N 
N 
FD 
N 
FD 
N 
N 
FD 
N 
N 
N 
FD 
N 
FD 
N 
N 
FD 
N 
FD 
N 
FD 
N 
N 



0.m1 U 
22#)1 
mOl 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
mOl 
22201 
rw)1 
22201 
mOl 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 

TdldUb99  
Technetium-99 
T d U l a h 4 9  
Technetium-99 
Teehpwnm-99 

T- 
TdlOMhM9 
TWhlWhbW 
Twbtbm49 
Technslipm-99 

TdUlah49 
Tccbnetium-99 
T&ldUl&9 
Tcchastium-99 
T- 

T- 
TCCbh&W 
T- 
Techrrspipm-99 

T- 
Tedmstitm599 
TCChWh49 
TWhCthM9 
Tcctmctipm-99 

TCCbdUM9 
TCCbhk99 
Uranium, Torrl 
Umuium, Tobl 
U&. Tcbl 
UNliUULTopl 
Urmhnn. Tobl 
Unnium, Tobl 
U- Tobl 
Uranium, Topl 
Unnium. Tobl 
Uranium, Totlt 
Unnium, TOW 
Uranium, Tobl 
Unnimn, Topl 
Unnipm. Totrl 
Unnkmz Toal 

12/8/97 
3/31/97 
3/31/97 
3/31/97 
3/31/97 
4130197 
5/14/97 
5/14/91 
5/28/97 
6/17/97 
6125191 
m/97 
61wQI 

@25/91 
719/97 
7/9/97 
7 m  
8/7/91 

8nm 
w26iw 
w26iw 
9116197 

. 9116197 
1011197 

- 11/25/97 
1uu97 
12/8/97 
1218197 
3/31/931 
3131/97 
4/30197 

5114197 
5/14/97 
5Iuv97 
6/17/97 
6125/97 
6/25/97 
7t9m 
lI9/97 
7 m  
8/7197 

8/7/97 

8/26/97 

A-10 

0 .m1 
6.01 
6.86 
6.01 
6.86 
6.99 
12.5 
4.12 
-2.m 
0.69 

21.57 
0.87 
16.3 
4.52 
5.05 
4.43 

. 4.46 
-3.43 
-3.23 
10.13 
13.41 
0.67 
3.57 
-2.08 
4.62 
4.25 
3.37 
2.27 
5.089 
5.1% 
0.028 
0.617 
0.697 
0.125 
0.08 
0.174 
0.029 
0.129 
0.099 
0.161 
0.175 
0.144 
0.204 

U 
z 
U 
U 
U 
U 
UJ 
U 
UJ 
UJ 
z 
U 
2 
U 
UJ 
UJ 
UJ 
UJ 
UJ 
J 
J 
UJ 
UJ 
UJ 
UJ 
UJ 
UJ 
UJ 

U 

J 
U 
J 
J 
J 
J 
J 
J 

N 
FD 
N 
FD 
N 
FD 
N 
N 
FD 
N 
N 
N 
N 
FD 
FD 
N 
FD 
N 
N 
FD 
N 
FD 
N 
FD 
N 
N 
N 
N 
FD 
N 
FD 
N 
N 
FD 
N 
N 
N 
FD 
N 
FD 
N 
N 
FD 
N 



TABLE A-1 
(Continued) 1 1 3 6  

validued validation 
WdlNumbCr co- Date Simpled Result UUitS 
22201 Unnium. Total m 0.155 J P e n  FD 
22201 9/16/97 0.154 J rsn N 

J 
J 
J 
J 
J 
J 
UJ 
UJ 
UJ 
UJ 
UJ 
UJ 
U 
U 
u .  
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
UJ 
w 
UJ 
UJ 
UJ 
UJ 
U 
U 
U 
U 
U 
U 
U 

22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22#)1 
-22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22ml * 

22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
2Z01 
22201 
22201 
22201 
22201 

9/16/97 
1011197 
11/25/97 
12/2/97 
1usm 
12/8/97 
3/31/97 
3/31/97 
4130/97 

5/14/97 
5/14/97 
5/28/97 
6117/97 
m m  
mI9l 
7/9/97 
7/9/97 
l/u)197 

m/97 

mm 
8126/97 

8/26/91 
9/1m 
9/16/97 
10/1m 
11/25/97 
12/2/97 
1218197 
12/8/97 
3/31wI 
3l3m 
4130/97 

5/14/97 
5/14/97 
5128191 
6/ 17/97 
6/25/97 
6/25/97 

7/9/91 
7l9D7 
7 m  
8/7/97 

0.1% 
0.203 
0.091 
0.172 
0.107 
0- 

1 
1 
1 
1 
1 
1 
3 
3 
3 
3 
3 
3 
9 
3 
3 
3 
3 '  
3 
3 
3 
3 
3 
3 
1 
I 
1 
1 
1 

1 
10 
10 
10 
10 
10 
10 
10 

P e n  F D .  
I& N 
Pi& N 
P s n  N 
P s n  N 
rsn FD 

fisn F D .  
wn N 
rsn N 
ron FD 
rsn N 
rsn N 

r s n . N  
& FD 
r%L N 
rsn FD 
rsn N 
rsn N 

P e n  N 

rcgn 
rcgn FD 
rsn N '  
P S n  N 
rsn N 
P S n  N 
rsn FD 
I& N 
P S n  m 
P g n  N 
P g n  N 
rcgn FD 
rcgn N 
P f l  N 
P S n  N 
P f i  FD 
P f i  N 
P S n  FD 
P f l  N 
P g n  N 

N 

& FD 

FD 
N 

. 

I 



TABLE A-1 
(Continued) 

FEMP-OSDF-CELLIBTMDRAF'" 
Revision B 

Septcmber25.1998 

22201 
mOl 
22201 
22201 
22201 
22201 

22201 
22201 
22201 
22201 
22201 
22201 
22201 
-1 
22201 
22201 
22201 
22201 

. 22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201' 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 

, 

9/16/97 
9/16/97 
1011197 
1 IN197 
1m 
12/8/97 
1218197 
3/31/97 
3/31197 
4/30197 

5/14/97 
5/14/97 
5/28/97 
6/17/97 
6125197 
m197 
7/9/97 
7f9wI 
7 m  
m197 
8nm 
8/26/97 
8/26/97 

9/16/97 
9/16/97 
10/1/97 
11/25/97 
12/2197 
1UW7 
12/8/97 
3/31/97 

3/31/97 
4/30/97 
5/14/97 
5/14/97 
5/28/97 
6/17/97 
m/97 
6/25/97 
7/9/97 
7/9/97 

10 
10 
10 
10 

10 
10 
10 

10 
10 
IO 
1 
1 
1 
1 

. I  
1 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

10 
10 
10 
1 
1 
1 
1 
1 
1 
10 
10 
10 
10 
10 

U 
U 
U 
U 
U 
U 
U 
U 
U 

. u  
UJ 
UJ 
UJ 
UJ 
w 
UJ 
I3 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
UJ 
UJ 
UJ 
UJ 
UJ 
UJ 
UJ 
U 
U 
U 
U 

FD 
N 
FD 
N 
FD 
N 
N 
N 
N 
FD 
N 
FD 
N 
N 
F D .  
N 
N 
N 
FD 
N 
FD 
N 
N 
FD 
N 
FD 
N 
FD 
N 
N '  
N 
N 
FD 
N 

FD' 
N 
N 
FD 
N 
N 
N 
FD 
N 
FD 



validated validation 
WellNumber Conaituew Date sampled Result Qualifier Units 

22201 
22201 
22201 
22201 
mOl 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 

. 22201 
22201 
22201 
2m)l 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 

22201 7 m  
wm 
wm 
8R#l 
8R#l 
9/16/97 
9/16/97 
loll197 
11mm 
1uu97 
1UW97 
1u8wI 
3131197 
3131197 
4/3o/m 

5/14/97 
5/14/97 
5 m  
6/17/97 
6125197 
6125197 
7/9/91 
7/9/97 
7 m  
w197 
8/7/97 

8/26/97 
8/26/97 
9/1m 
9116197 
loll197 
11mm 
3222197 
12/8/97 
1 m  
3/31/97 
3f31197 
4 m  
5/14/97 
5/14/97 

5/28/97 
&I7197 
6125197 
6125m 

10 
10 
10 
10 

10 
1 
10 
10 
10 
10 
10 
10 
1 
1 
1 

1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

2 
2 
1 
1 .  
I 
1 
1 
1 
1 
1 
1 

U 
U 
U 
U 
U 
J 
U 
U 
U 
U 
U 
U 
UJ 
UJ 
UJ 
UJ 
m 
VJ 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
UJ 
UJ 
w 
UJ 
W 
UJ 
UJ 
w 
UJ 

N 
N 
FD 
N 
FD 
N 
FD 
N 
N 
N 
N 
FD 
N 
FD 
N 
N 
FD 
N 
N 
N 
FD 
N 
FD 
N 
N 
FD 
N 
FD 
N 
FD 
N 
N 
N 
N 
Fm 
N 
m 
N 
N 
m, 
N 
N 
N 
FD 
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TABLE A-1 
(Continued) 

validwd validation 
WdlNumber Constitueat Date sunpled Result ClulWKx UllitS 

Vinyl chlori& 7t9/97 22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 * 

22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
222;Ol 

7/9/97 
7 m  
8nm 
8/7/97 

m6/91 

8126/97 
9/16/91 
9/16/91 
1011191 
11m197 
12/2/97 

1u81QI 
1u8/91 

3/31/97 

3l31m 
4mw!n 
5/14/97 
5/14/97 
5/28/97 
6/17/97 
mm 
m/97 
7/9/97 
7/9/97 
7f9m 
7/30/91 
wm 
8nwI 
8lm9l 
8126/91 
9/16/97 
9/16#97 
1011197 
11125197 
12/2/97 
12/8197 
12/8/97 

3l31/97 
313 1&7 
1130197 
5/14/97 

5/14/97 
5/28/97 

A-14 

1 
1 

1 
1 
1 

1 
1 
1 
1 
1 
1 
1 

1 
I 
25 
25 
25 
2s 
25 
25 
25' 
1.8 
1.8 
25 
25 
25 
25 
25 
25 
25 
25 

25 
25 
25 
25 
25 
25 
25 
5 
5 
5 
10 
10 
5 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
UJ 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
ul 
U 
U 
U 

N 
FD 
N 
N 
FD 
N 
FD 
N 
FD 
N 
N 
N 
N 
FD 
N 

* F D  
N 
N 
FD 
N 
N 
N 
FD 
N 
N 
FD 
N 
N 
FD 
N 
FD 
N 
FD 
N 
N 
N 
N 
FD 
N 
FD 
N 
N 
m 
N 
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TABLE A-1 1 1 3 6  
(ContiUue!d) --- 

validated validation 
WellNumbu Constituent Date Sampled Result Qual& Units 
22201 6/17/97 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 

* 22201 
.22201 
22201 
22201 
22201 
22201 
22201 
mOl 
22201 
22201 
22201 
22201 

* 22201 
22201 
22201 
22201 
22201 
22201 
22201 

PLOl 

m m  
m/97 
7/9/97 
7l9m 
7DBi 
7/30/97 
8Ilm 
8/7/97 

8%L6/97 
8/26/97 
9/16/97 
9/16/97 
1w1m 
11mm 
12/2/97 

12/8/97 

12/8/97 

3/31/97 
3/31/97 
413owI. 
5/14/97 
5/14/97 
5128197 
6/11/97 
mi9l 
m/97 
7/9/97 
7I9m . 
7I9m 
70197 
8nwI 

8/7/9? 
8/26197 
8/26/97 
9/16/97 
9/16197 
1w1m 
11m/97 @ 

12/2/97 

12/8/97 

12/8/97 

3/31197 
3/31/97 

2 
1.8 
1.8 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
10 
1D 
10 
10 
10 
10 
5 
2.1 
2.1 
5 
5 
5 
5 
5 
5 

5 
5 
5 
5 
5 
5 
5 
5 
5 

0.05 
0.05 

U 
UJ 
UJ 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
W 
U 
W 
W 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
UJ 
U 
U 
U 
U 
U 
U 

N 
N 
FD 
N 
N 
FD 
N 
N 
FD 
N 
FD 
N 
FD 
N 
'N 
N 
N 
FD 
N 
FD 
N 
N 
m 
N 
N 
N 
F D .  
N 
N 
F D ,  
N 
N 
FD 
N 
FD 
N 
FD 
N 
N 
N 
N 
FD 
N 
FD 
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TABLE A-1 
(Conthaaed) 

WeUNtunber Constituent Date sampled Resutt Units 
22201 m- 4/3owI 0.05 ron N 
22201 
22201 
22201 
22201 
22201 
22201 
mOl 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
22201 
-1 
22101 
22#)1 

22201 
22198 
22198 
221% 
22198 
22198 
22198 
22198 
22198 
22198 . 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
2214% 
22198 
22198 
22198 

4/30/97 
5114197 
5/14/91 

5 M  
6/17/97 
6m/47 
6125197 
7n197, 
7/9/97 
7 m  
w/47 
sl7/97 

8126/97 
8126/91 
9/16/97 
9/16/97 
1011197 
lV25/97 
12l2lYl 
lu8191 
lu8191 
5/31/97 

4130/91 

4t3Mn 
5/14/97 
Sc28/97 
Sc28/97 
6/17/97 
6/17/47 
6/25197 
7/9197 
7/31/47 
8/7/97 

8126/97 

9/16/97 
1011197 
1011197 
11125197 
12/1/97 

12/1/97 

12/8/97 
3/31/47 

0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.W 
6.3 
2.7 
1.4 
2.8 
0.71 
2 
2.4 
2.8 
3.67 
2.1 
4.9 
24.1 
0.0143 , 

8.4 * 

25 
12.8 
13.7 
11.1 
11.8 

0.024 

U 
UJ 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
B 
U 
U 
U 
U 
U 

J 
J 

J 
J 
UJ 
J 
J 

J 
J 

N 
N 
FD 
N 
N 
N 

. m  
N 
FD 
N 
N 
m, 
N 
FD 
N 
FD 
N 
N 
N 
N 
FD 
N 
N 
m, 
N 
N 
FD 
N 
FD 
N 
N 
N 
N 
N 
N 
N 
FD 
N 
N 
FD 
N 
N 
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Validated Validah 
WellNumber Constituent Date sampled Result Units 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 

4130197 
5 t 1 m  
5/28/97 
5/28/91 
6/17/97 
6/17/97 
m/97 
7B191 
7/31/97 
8l7/97 
8/26/97 
911m 
1011191 
1011197 
11125197 
12/1/97 

12/1/97 

12/8wI 
3/31/97 

4nW97 
rU30/97 

5t1m 
5/28/91 

c 5128/97 
-6/17/97 
6/17/97 
6/25/97 
7I9m 
7/31/97 
8nm 
8/26wI 
9116197 
10/1/97 
loll191 
1 lmm 
lUlD7 
12/1/97 

12/8/97 

3/31/97 

4 m  
4/30/97 

5 1 1 m  
5128/97 
5t28l97 

A-17 

~ ~~~ 

0.0526 
0.0264 
0.0222 
0.0217 
0.005 
0.005 
0.014 
0.005 
0.005 
0.0076 
0.005 
0.005 
0.005 
0.0063 
0.0078 
0.012 
0.0085 
0.0062 
0.0123 
0.052 
0.0558 
0.051 1 
0.m 
0.- 
0.0492 
0.0488 
0 . W  
0.0444 
0.019 
0.0407 
0.M14 
0.0516 
0.059 
0.059 
0.0594 
0.0805 
0.0661 
0.0736 
o.ooo1 
o.ooo1 
o.ooo1 
o.ooo1 
o.ooo1 
o.ooo1 

J 

U 
U 

UJ 
U 
U 
UJ 
UJ 
UJ 
UJ 
U 
U 
U 

U 
U 
U 
U 
U 
U 

- 

J 
UJ 

U 
U 
U 
U 
U 
U 

msn 
msn 
msn 
msn 
msn 
men 
men 
msn 
rsgn 
rsgn 
msn 
msn 
msn 
men 
msn 
men 
msn 
msn 
msn 
msn 
msn 
Is%L 
men 
men 
m%L 
W L  
rsgn 
m%L 
men 
men 
men 
men 
men 
men 
men 
men 
men 
men 
men 
men 
men 
men 
msn 
men 

FD 
N 
N 
FD 
N 

'FD 
N 
N 
N 
N 
N 
N 
N 
FD 
N 
N 
FD 
N 
N 
N 
FD 
N 
N 
FD 
N 
FD 
N 
N 
N 
N 
N 
N 
N 
FD 
N 
N 
FD 
N 
N 
N 
FD 
N 
N 
F D .  
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22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 

' 22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
,22198 
22198 
22198 
22198 
22198 
22198 
22193 
Ql98 

6/17/97 
6/17/97 
6125197 
7/9/97 
7/31l97 
Wl97 
8/26197 

911W 
1w1/97 
1011197 
11/25/97 
12/1/97 
12/1/97 
12/8/97 
3/31/97 
3/31Dl 
4mwQ7 
4mwQ7 
5/14/97 
5128/41 
5ruu97 
6/17/97 
61 17/97 
m/97 
6l25/97 
7/9/97 
7/31/97 
8nm 
8/26/97 
9/16/97 
lWl/97 
lOllf97 
11/wgl 
lull97 
1u1m 
12/8/97 
3/31/97 
4/30/97 

4130597 
5/14/97 
5l2NW 
5t2W9l 
6117197 
6/17/97 

~ o.mi 
o.Ooo1 
0.m1 
0.m1 
o.Ooo1 
0.m1 
0.m1 
0.m1 
0.m1 
o.Ooo1 
0.m1 
o.Ooo1 
0.m1 
0.m1 
8.91 
8.91 
3.36 
12.8 
8.6 

-7.n 
4.59 
-0.8 
-3.9 
17.56 
5.91 
3.25 
1.82 
1.71 

. 5.89 
-0.4 
-2.26 
-3.89 
2.12 
6.43 
5.15 
4.1 

2.906 
I .35 
1.36 
3.12 
2.45 
2.15 
0.794 
0.801 

U 
U 
U 
U 
U 
U 
U .  
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
UJ 
UJ 
UJ 
2 
U 
UJ 
UJ 
UJ 
UJ 
UJ 
UJ 
UJ 
UJ 
UJ 
UJ 
UJ 

J 
J 

- 

N 
PD 
N 
N 
N 
N 
N 
N 
N 
PD 
N 
N 
FD 
N 
N 
N 
N 
PD 
N 
N 
FD 
N 
FD 
N 
N 
N 
N 
N *  
N 
N 
N 
FD 
N 
N 
FD 
N 
N 
N 
FD 
N 
N 
FD 
N 
FD 



TABLE A-1 
(Conthued) 

22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 

7/9/97 
7/31/97 
m/97 

8/26/91 

9/16/97 
1w1m 
10/1m 
11/2w97 
12/1/97 
12/1/97 
12/8/97 
3/31/97 
4/30/97 

41#y97 

5/14/97 
51uvm 
5128197 

. a17197 
6/17/97 
6125197 
719197 
7/31/97 
8/7/97 
8126/91 

9l1W . 
1011197 
1w1/97 
fY25/97 
12/1/97 
12/1/97 * 

1u8191 
3/31/97 
4l3w9l 
4l3w!n 
5111197 
5/28/91 
5/28/91 
6117I9l 
6/17/97 
6125197 
7/9/97 
7/31/97 
m/97 

0.645 
1.62 
1.86 
1.757 
1.489 
0.866 
0.877 
0.782 
0.627 
0.748 
0.692 

1 
1 
1 
1 
1 
1 
3 
3 
3 
3 
3 
.3 
3 
3 
3 
3 
3 
3 
3 
3 
1 
1 
1 
1 
1 .  
1 
10 
10 
10 
10 
10 
10 

0.767 J 
J 
J 
J 
'J 
J 
J 
J 
J 
J 
J 
J 
UJ 
UJ 
W 
W 
w 
UJ 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U' 
U 
U 
U 
UJ 
W 
UJ. 

UJ' 
W 

UJ 
U 
U 
U 
U 
U 
U 

N 
N 
N 
N 
N 
N 
N 
FD 
N 
N 
FD 
N 
N 
N 
FD 
N 
N. 
FD 
N 
FD 
N 
N 
N '  
N 
N 
N 
N 
FD 
N 
N 
FD 
N 
N 
14 
FD 
N 
N 
FD 
N 
FD 
N 
N 
N 
N 
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22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 

9/16/97 
1011197 
loll/91 
11mm 
1211197 
1u1m 
1U8wI 
3/31/97 
4MowI 
413o/m 
5/14/97 
5/28197 
5/28/97 
6/17/91 
6/17/91 
6125197 
7/9/97 
7/31/91 
8/7/97 

8i2$/97 
9/16/97 
lWl/97 

" 1Wlrm 
11mm 
1U1191 
1U1191 
lUSrm 
3/31/97 
4130/41 

4130/97 
5/14/97 
5128/m 
5128/91 
6/11/97 
6/17/91 
6mm 
7m97 
7/31/97 
m/97 

8/26/97 
9/16/97 
1w1/97 
lWl/91 

10 
10 
10 
10 
10 
10 
10 
10 
1 
1 
1 
1 
1 
1 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
1 
1 
1 
1 
1 
1 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

U 
U 

. u  
U 
U 
U 
U 
U 
UJ 
UJ 
UJ 
W 
UJ 
UJ 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
UJ 
UJ 
UJ 
UJ 
UJ 
UJ 
m 
U 
U 
U 
U 
U 
U 
U 
U 
U 

P o n  N 
P o n  N 
ron N 
ron m 
ron N 
rsn 'N 
lrJL FD 
wn N 
ren N 
wn N 
ron FD 
ron N 
wn N 
ron FD 

N 
ron FD 
ron N 
wn N 
ron N 
ron N 
ron N 
ron N 
ron N 
ron * m  
ron N 
wn N 
rsn FD 
ron ' N 
ron N 
ron N 
P s n  FD 
P o n  N 
ron N 
ron FD 
rsn N 

CYn N 
rsn N 
lrJL N 
ron N 
wn N 
ron N 
ron N 

FD 

FD 



WcllNumber cwptiduan Due sampled Result Qualifier Units 
22198 Tctncbloradrsae 11mm 10 U rcdL N 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 

,22198 
22198 
22198 
22198 
22198 
22198 

22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
'22198 
22198 
22198 

22198 

T- 
Tetncbloroetkm 
T U r a c h I o ~  
T- 
Tricbloroeu¶em 

Trichloroctbenc 
'Mchloroemwc 

Trichlorocmene 
'Mdrloroerhme 
Trichloroethenc 

Trichlorodmm 
m e  - 
Mchloroechens 
Trichlonlukm 

Vinyl chloride 
v i 1  chloride 
vi1 chloride 
v i 1  chloride 
Vinyl chloride 
Vinyl chloride 
vi1 chloride 
Vinyl cblolidc 
v i 1  chloride 
vi1 chloride 
Vinyl chloride 
vi1 chloride 
v i i ~ c h l o r i d e  
v i 1  chloride 
vi1 chloride 
Vinyl ebloride 
Vinyl cblaride 
vi1 cbloridc 
v i 1  chloride 
vinyl chloride 

12/1/97 
12/1/97 
12/8/97 
3/31/97 

4nawI 
4nawI 
5/14/97 
508t97 
5 m  
6/17/97 
6117/97 
6Nm 
7/9/97 
7/31/97 
8/7/97 
an6i9l 
9/16/97 . 
1011197 
1011197 
11mm 

1211m 
. 12/8/97 

3/31/97 
- m  

4/30/97 

5/14/97 
5nswI ' 

508t97 
6117wI 
6/17/97 . 
6125197 
7/9m 
7/31/97 
8/7/97 

8126197 
9116197 
1011197 
1011191 
11mm 
12/1/97 
lull97 
1218/97 

12/1b 

10 
10 
10 
1 
1 
I 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
1 

1 .  
1 
1 
1 
1 
1 
I 
1 
1 
I 
1 
1 
1 
1 
1 

1 
1 
1 
1 

U 
U 
U 
UJ 
UJ 
UJ 
UJ 
UJ 
UJ 
U 
U 
u .  
U 
u .  
U 
I3 
U 
U 
U 
U 
U 
U 
U 
UJ 
UJ 
UJ 
W 
W 
UJ 
w 
W '  
UJ 
U 
U 
U 
U 
U 
U 
U 
U 
U 
u 
U 

N 
FD 
N 
N 
N 
FD 
N 
N 
FD 
N 
FD 
N 
N 
N 
N 
N 
N 
N 
FD 
N 
N 
FD 
N 
N 
N 
FD 
N 
N 
FD 
N 
m 
N 
N 
N 
N 
N 
N 
N 
FD 
N 
N 
FD 
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TABLE A-1 
(Contfnued) 

Vdidoted Vplidotion 
WellNumbcr constiftlan Date sampled Result Unitr 
22198 3/31/91 25 U wn N 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 

22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 

22198 

4noI97 
4noI97 
91497 
5128197 
5 m  
6/17/97 
6/17i9l 
m/97 
7l9m 
713 1/97 
8/7/97 

w97 
9/16/97 
lwlm 
1w1/97 
llmm 
12/1/97 
1u1m 
12/8197 
3/31/97 
4130197 
4/30/91 

5ll4/97 
5 m  
m 
6/17/97 
6/17/97 
6mI!?l 
7l9m 
7/31/97 
8/1/97 

8/26/97 

9/16/97 
1011/97 
1w1m 
11125/97 
12/1/97 
1u1m 
12/8197 
3/31/97 
4130/97 

4130197 
5/14/97 

A-22 

25 
25 
25 
25 
25 
25 
25 
1.8 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
5 
5 
5 
10 
5 
5 
2 
2 

1.8 
2 
2 
2 
2 
2 
2 
2 
2 ’  
2 
2 
2 
10 
10 
10 
10 

. .  

w 
w 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
UJ 
UJ 

. u  
U 
U 
U 
U 
UJ 
U 
U 
U 
U 
U 
U .  
U 
U 
U 
U 
U 
UJ 
U 
U 
U 

N 
FD 
N 
N 
FD 
N 
FD 
N 
N 
N 
N 
N 
N 
N 
FD 
N 
N 
FD 
N 
N 
N 
FD 
N 
N 
FD 
N 
FD 
N 
N 
N 
N 
N 
N 
N 
FD 
N 
N 
FD 
N 
N 
N 
FD 
N 
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Validated Validation 
Date sslnpled Result Qualifier Units 

22198 
222198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
2214% 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 

. .  22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 
22198 

5nsl97 
5 m  
6/17/97 
6/17/97 
m/97 
7l9/97 
7/31/97 
8/7/97 

8126197 
9 / 1 m  
1011/97 
1w1/97 

11mm 
12/1191 
12/1/97 
12/8/97 

3/31/97 
(u30/97 

4130191 
4/30/97 

413owI 
5/14/91 
5 m  
5 m  
6/17/97 
6/17/97 
6125191 
7Nm 
7/31/97 
8/7/97 

8126/97 
9/16/97 
1011197 
1w1/97 

11m/97 
1211KV 
12/1/97 
1Z8/97 

10 
10 
5 
5 

2.1 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
O M  
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 

0.05 

U 
U 
U 
U 
U 
U 
U 
U 
U 

' U  
UJ 
UJ 
U 
U 
U 
U 
U 
z 
U 
U 
2 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

N 
FD 
N 
FD 
N 
N 
N 
N 
N 
N 
N 
FD 
N 
N 
FD 
N 
N 
N 
N 
FD 
FD 
N 
N 
FD 
N 
FD 
N 
N 
N 
N 
N 
N 
N 
FD 
N 
N 
FD 
N 

, 



i 
1 

1736 
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APPENDIXB 

This appendix shows the equations used to develop Shewhart-CUSUM control charts, equations to 

calculate shewhart and CUSUM control limit co- 'om, and an example of sample calculations. 
Section B.1 identifies the equations used to generate the charts and control limit concentrations and 
Section B.2 provides an example of sample calk la ti^^^^. The control charts and control limit 
co- 'OILS are provided in Appenclix C. 

B.l C o N c ~ ~ o ~  

The following steps outline the procadure used to generate the Shewhart-CUSUM control charts 

(Steps 1 through 5) and the &ssoFiBad control limit concentrations (Steps 6 and 7). The 

Shewhart-CUSUM charts in Appenclix C were created with baseline data. Thus, baseline data were 
standardized and graphed to show the relationship of control limits to the baseline data and also to use 

EouATIoNs 

for ~ o r m a t i o ~  purposes. Pertinent numerical vatues and statistics *'these charts are summahi 
in Table 3 of the report. 

Step 1. Select the following three patameters: . 

SCL, the shewhart control limit in tmxhdnd * u n i t s  
h,thec\nnulasv ' esum(CUSUM)wntrollimitinsm&rdmd * u n i t s  
k, a reference value used in the CUSUM calculations. 

For groundwater, EPA guidance recommends a SCLequal to 4.5; h equal to 5; andkequal 
to 1. 

Step 2. Calculate the mean, p, and sample standaddeviation, u, from the baseline dataset'using the 
standanl equations. 

Step3. calculatethe- * mean. For the Shewhart-CUSUM control charts presemd in 
Appendix C, each of the baseline sample points were treated as a monitoring period mean 
result. In other words, each monitoring period consists of ohe sample (4 - 1) so the 
monitoring period mean is equivalent to the sample resuit. For each ofthe P monitoring 
periods, Ti, at each well, for each wmtitwnt, the mean is s t a m h h d  withrespecttothe 
baseline mean and sample staadard deviation. The 
the following equation: 

mean, &, is calculated using 
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since, for each of the i"' monitoring periods a, equals 1 and the mean equals the sample 
value, q, the quation becomes: 

Step 4. Calculate the cumultltive sum, Si at each time point, Ti, in this case each sample date, such 
that: 

si = m ( 0 ,  (z, - k) + Si.l} 

where max{A,B} is the function that selects the maximum of,,the two expressions A and B. 

used. In this way, only positive cumulative devia;tions fnnn the badicline mean arc recorded. 
For the first time period (i = 1) replace S,, with zero such that S,, - 0 @PA 1989). The 
CUSUM, si, tracks cumulative positive deviations from the fmnchhd ' meanoma 
C O n t i I l u ~  time span. 

Inthis -A = O d B  = &k)+S,l, ttrus, i fB calculates to le~sthanzer~ then~ero is 

Step 5. Plot the values of Z, and Si versus time, Ti, on a chart for this combined Shewhart-CUSUM 
procedure (EPA 1989). "Out-of~ntrol" limit coditions wouid occur during any Ti'if for 
the~timeS,~h(i.e.,thesampltaMiodwhenthecrrmulatrv e*- [minUg the A 
refkmxx vahre] sum to greater than 5) or when & L SCL (i.e., the sta&dmd ' sample 
period mean is greater than4.5 standarddwiations away). This may indicate cmammm ' -on 
at the well (EPA 1989). 

The Shewhart value, &, detects abnormally high individual sample period mean dcviatiom.from 
baseline, whereas the CUSUM value, Si, detects positive changes &e., those greater than bascline) 

whether they are increased mean, standad deviation, or both. 
- 

Step6and Step 7 demonstrate how todculateumccntm 'om assocIlltdd WiththeSCLdhin 
no- ' units. In order to demonstrate these calculations, the following terms SCL' and h' 

will be used to describe the associated concentratr 'on vahq for the Shewhart control limit (SCL) and 
the CUSUM control limit (h), respectively. 

Step 6: SCL' (Shewhart Control Limit Concmtration) 
To determine the associated concenamo nvalues for SCL', wc start with the equation for the 
normalized sampling period average and work backwards to derive the value that is 
equivalent to 4.5 standarduRd units. 
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where 

Zi = staudardized mean, 
Xi = sampling period mean for the i" period, 
- -. 

p = baseline mean, S 

& = sample size for the i" period, and 
Q= baseline standard deviation. 

9 

10 

11 

12 

13 

I4 

Because we are looking for the sampling period mean that would exceed 4.5 in standard 
units, we replace Zi with 4.5. In the planned monitoring scheme, there will be one sample 

taken per sampling period. merefore, q equals 1 and (Z J equals the single sample 
result (xi), The new equation is: 

Ji scL=(xi -p)- 
0 

15 

16 

17 

* 18 

19 
(SUbstiMing 4.5 for SCL} 

4.5 = 

{multiplying both sides by s} 

a0 (Xi - P) 

21 

22 

23 

24 

CY 

4.50 = xi - p 
{and, finally, adding m to 6th sides) 
4.*+ p = xi I 

Y 

So, the value that would exceed the Shewhart Control Limit of 4.5 is equivalent to baseline 
. 

n 
mean plus 4.5 times the baseline standard deviation. Therefore, 2a 

SCL' = 4.50 + p 

Step 7: h'(CUSUM Control Limit Conadration) 
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32 

T o d c t e r m i n e t h e a s s o c i a t e d ~  'on values for h ', we start with the equation for the 
nomdaliztd sampliqg period average and work baclcwards to derive the value that is 
equivalent to 5 standardized units. 
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The CUSUM control limit & the level that the cumdative positive deviation, Si, from the 
baseline mean can not exceed. If the currml8tivc deviation calculates to a negative value, then 
Si is set to 0 for use in the subsequent equation. The equation to calculate the current 
CUSUM si is: 

where 

sj = the current sampling period's CUSUM, 
max = function that selects the rrmximum of the two values, 
&.=- mean, 
k = CUSUM reference value (l), and 
s,, = the previous sampling period's CUSUM. 

Clearly, the only choice in the "max" W o n  that could cxcced an h value of 5 is the . 

"(zi-k)+S,1" p9I't. Therefore, the equation to determine h ' k  

si = (z, - k) + Si.1 

{substh@ the h-value of 5 for Si, 1 for the &-value} 
5 = ( z i  - 1) + s,, 
(adding 1 to each side} 
6= &. + Skl 

So, the sum of the current staradardrzed * meanand the previous CUSUM cannotexcced6. 
Becauseweareintmsted inthenon-- - value that reprtsents the CUSUM control 
limit and not the additional Z, that would put us over the control limit, we set q1 equal to 0. 
Substituting in the equation for the s t a m h b d  man, 5, we solve for x, as we did for the 
SCL (see above): 

{multiplying both sides by a} 

f+=x,-Cc 
{and, f i d y ,  adding p to both sides} 
6 0 + p = q  
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So, the value that would exceed the CUSUM control limit of 5 is equivalent to baseline mean plus 
6 times the baseline standard deviation. Therefore, 

1136 
M = 6 u + p  

B.2 -0NS 
To illustrate the process of creating a Shewhart-CUSUM control chart the following example 
calculations are presented using total organic carbon data from horizontal till well 12338. 

Step 1: select Shewhart-CUSUM parametem 
SCL (the Shewhart Control L i t  in aamkdmd units) = 4.5 
h (the cumulatrv * e sum (CUSUM) control limit in 
k (a reference value used in the CUSUM calculations) = 1. 

units)=5 

Step 2: Calculate the mean and staudard devrssicW of the baseline data set 
Using the equations for mean and sample standard deviation: 

-9 P = 7.79mg/L 
standard &viatior& 0 = 2.84 mg/L. 

Step3: calculatethez,(- mean)foreachsam@ingperiod . 
For this example only the stan&&& mean for the first sampling period will be calculated. 
The other remaining standardized means are calculated ina similar manner. 

where 

- z, =standardized m-9 

Xi = sampling period mean for the i* period, 
p =baseline mean (7.79), 
& = sample size for the ia period, and 
cs =baseline standard deviation (2.84). 
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There was only one sample taken for the first sampliqg period, i=l ,  (Total Organic 
Carbon= " 3 . 1 J " i n ~ ~ t o t a l o r g a n i c ~ n ) s o n , e q u a l s 1 a n d ( ~ ~ e q u a l s t h e s i n g l e  
sample result (3.1). Substituting the known values into the above equation: 

41 
2.84 

Z, = (3.1 - 7.79)- 

the square root of 1 is 1, and 3.1 - 7.79 = -4.69, so 
(-4.69) 

2.84 
z, = 

therefore, 
Z, = -1.65 

The mdardmd * mean of the first sampling period is -1.65 smxbdmd - units. 

Step& Calculatethecvmulathresum,S, 
Again, for this example, only the CUIIlulative sum, S,, for the first sampling period will be 
calculated. Usingtheequation: 

a n d s u b s t i t u t i n g i n t h e ~  * mean calculated in Step 3 (-1.65) andthekvalue of 1. 
The remainiag parameter value needed is St+ Since i== 1 for the first sampling period, i-1 =O 
and by definition S, = 0. Therefore, 

. St = ma~{0,(-1.65 - 1) + 0) 
then 
St = ma~{0,-2.65} = 0. 
So the cumulative sum, Sl=O. 

Step5 PlottheZ,andS,vdues 
The following table shows the baseline data and calculated results for total organic carbon at 
horizontal till well 12338 which would then be plotted on the control chart. 

i 

2 

3 

4 

5 

6 

7 

a 
9 

10 

11 

12 

13 

14 

u 
16 

17 

it 

19 

20 

21 

n 
n 
24 

n 
26 

27 

28 

29 

I) 

31 

32 

33 

34 



TABLE B-1 

TOTAL ORGANIC CARBON FROM WEU 12338 .- - DATACOMBXNEDFORSBE~HARTICUSUMCHART 1 7 3 6 
~~ 

-le. i Date (ma-) Z-k a - k )  +Sc* CUSUM, s, 
1 3o.oct-97 3.1 -1.65 -2.65 -2.65 0.00 
2 3 1-W-97 6.3 -0.52 -1 .n -1.52 0.00 
3 03-NOV-97 3.7 -1.44 -2.44 -2.44 0.00 
4 WNOV-97 2.1 -2.00 -3 .00 -3 .00 . 0.00 
5 05-NOV-97 7.9 0.04 -0.% -0.96 0.00 
6 WNOV-97 9.2 0.50 -0.50 -0.50 0.00 . 
7 07-NOV-97 9.3 0.53 -0.47 -0.47 0.00 
8 10-Nw-97 8.8 0.36 -0.64 -0.64 0.00 

9 12-NOV-97 8.1 0.11 -0.89 -0.89 0.00 

11 17-Nov-97 9.4 0.57 -0.43 -0.16 0.00 
12 18-NOV-97 8.5 0.25 . -0.75 . - -0.75 0.00 
13 25-NOV-97 9.7 . 0.67 . 0.33 -0.33 0.00 
14 01-Dec-97 7.7 -0.03 . -1.03 -1.03 0.00 

15 os--97 11.6 1.34 0.34 0.34 0.34 

Totalorgpnic 
Standard caibon.x, 
Menn.2, 

SPmple 

10 14-NOV-97 11.4 1.27 0.27 0127 0.27 

Step 6: Skwhart Control Limit C0n-q 
The following example shows the derived formula for calcuiatiag the associated c o n h t m  'on 
(non-starzdardy;ed * value) of the Shewhart control limit for total organic carbon baseline data 
from horizontal till well 12338. Starting with the derived formula for the SCL': 
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SCL' = 4.50 + p 

SCL' = (4.5 x 2.84) + 7.79 
SCL' = 20.6 mg/L 33 

(substituting 2.84 mg/L for a and 7.79 mg/L for p} 

34 

So the Shewhart control limit calculated fiom the baseline data is equivalent to 20.6 mg/L for total B 

organic carbon at the horizontal till well 12338. 36 
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Step 7: CUSUM Control Lamit Concentration 
The following example shows the derived formula for calmlaling the associated concentration 
(non-standdii value) of the CUSUM co&l limit for total organic carbon baseline data 
from horizontal till well 12338. Starting with the derived formula for the h 

h ' - 6 u + p  
{substituting 2.84 mg/L for u and 7.79 mg/L for p 
h' = (6 x 2.84) + 7.79 
h'= 24.8 mgL 

So the CUSUM control l i i  calculated from the baseline data is equivalent to 24:8 mg/L for 
total organic carbon at the horizontal till well 12338. 
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APPENDIX C 

This appendix provides a combined Shewhart-CUSUM control chart (Figures C-1 through C-16) for 
each detected constituent in each monitoring well as follows: 

HortuwQl Tpll Well 12338: 
Total Organic Carbon 

Total Orgauic Halogens 
Boron Boron 
TCCbtlUm - -99 . TdlllCtiUIl-99 
Uranium, Total Uranium, Total 
Bmmodichloromcthanc Tetrachloroethem 

Monitoring Well 22201: 

Total Organic Carbon 
Total Organic Halogens 

Modtoring wen 22198: 
Total Organic Carbon 

Total Organic Halogens 
Boron 

, Uranium,Total 

The equations provided in Appendix B were used to standardize the baseline data‘for comparison to the 
Shewhart and CUSUM control limits. The charts show standardrzed . concentrations for both the 
standardized mean (z3 and for the cumul8tive sum (SJ versus time. These charts also show the 
standardized Shewhart control limit of 4.5, and the CUSUM limit of 5, along with the calculated 
co~entcollccntratf ‘ons corresponding to the control limits for use in future comparisons. 
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