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Introduction 

This addendum is designed to update the groundwater radiological monitoring results 

comparison to action levels in section 6.3 of the 1992 RCRA Annual Report and the 

statistical analysis of groundwater data in section 6.4 of the 1992 RCRA Annual Report. In 

addition, the addendum will provide in electronic copy the updated radiological data in 

GRITS format. Information in this report supersedes only the radiological information 

presented in sections 6.3 and 6.4 of the 1992 RCRA Annual Report. This report is not a 

stand-alone document, but should be reviewed in combination with the 1992 RCRA Annual 

Report and the 1992 Annual Report Update provided in February and May, 1993, 

respectively. 

This addendum was necessary due to significant laboratory delays in addressing serious 

technical problems with this radiological data set. While many issues were addressed, some 

of the data presented in this report are considered suspect due to the fundamental analytical 

errors which could not be corrected by the laboratory. Suspect data have been assigned a 

qualifier (J) in Appendix A. 

RadioIoFical Groundwater Data Presentation 

The radiological data collected for the RCRA groundwater monitoring program is provided 

in Appendix A, "Sampling Results," of this addendum. The data presented in Appendix A 

are provided as an update to the data presented in Appendix E, "Analytical and Field Results 

of Sampling," of the 1992 RCRA Annual Report. The radiological data in Appendix A of 

this addendum replace the radiological data presented in Appendix E of the 1992 RCRA 

Annual Report. 

Sampling for radionuclides was not consistent until 1992 when the RCRA GMP Sampling 

Program was initiated. Therefore, sample results prior to 1992 may not contain results for 

every quarter. Also, the following list of monitoring wells could not be sampled for certain 

quarters, as defined in Table 1. 
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QUARTERs NOT 
Mw I SAMPLED IN 1992 

Table 1 
Monitoring Wells That Could Not Be Sampled in 1992 

REASON 

1004 

1028 

lst, 2nd, 3rd, 4th dry 

lst, 2nd, 3rd, 4th dry 

1030 

1072 

1160 

1260 

ComDarison of RadioloFical Groundwater Data to the Action Levels 

~ ~~ 

lst, 2nd, 3rd, 4th dry 

lst, 2nd, 3rd, 4th dry 

lst, 2nd dry 

lst, 2nd, 3rd, 4th dry 

The analytical data presented in Appendix A were compared to the action levels established 

in the RCRA GMP. The action levels are provided in Table 2. The results of the 

comparison between analytical results and the action levels are provided in Appendix B, 

"Analytical Results Above the RCRA GMP ACLs. 'I The radiological data in Appendix B 

replace the radiological data in Appendix G of the 1992 RCRA Annual Report. 

The action levels established in the RCRA GMP are only applicable to the Great Miami 

Aquifer (2000, 3000, and 4000-series wells). No action levels have been established for the 

glacial overburden. Thirty-one till wells were sampled in 1992 to monitor water quality 

changes in perched groundwater. Until glacial overburden action levels are established, the 

1000-series well sampling data are being interpreted through summary statistics, which are 

included in Appendix D. 



Table 2 

CHEMICAL 

RCRA GMP Action Levels for 
the Great Miami Aquifer 

ACTION LEVEL TAKEN FROM: 
( o m  except where noted) 

1, I-Dichloroethane 

1,2-Dichloroethane 

1 ,I-Dichloroethene 

trans- 1.2-Dichloroethene 

11 1,l. I-Trichloroethane I 0.7 I PRG, no background 

0.7 PRG, no background 

0.001 Method Detection Limit 

0.07 PRG, no background 

0.1 PRO, no background 
~ ~~ 

1,2-Dichloroethene (Total) 

Acetone 

Benzene 

Carbon Disulfide 

Chloroform 

Methylene Chloride 

Tetrachloroethane 

0.03 Method Detection Limit 

0.7 PRG, no background 

0.001 PRG, no background 

0.7 PRG, no background 

0.006 PRG, no background 

0.01 Method Detection Limit 

0.005 MCL 

Toluene 

Trichloroethene 

1 .o PRG, no background 

0.003 PRG, no background 

Vinyl Chloride 

Aluminum 

Arsenic 

Barium 

3 

0.005 Method Detection Limit 

0.303 Background UTL 

0.392 Background UTL + PRG 

1.447 Background UTL + PRG 

Beryllium 

Cadmium 

Calcium 

Chromium 

Chloride . 
Cobalt* 

Copper 

Fluoride 

Iron 

Gross Alpha* 

0.004 Background UTL + PRG 

0.01 1 Background UTL + PRG 

136 Background UTL 

0.079 Background UTL + PRO 

250 MCL 

0.02 PRG, no background 

1 .00 MCL 

2.00 MCL 

4.13 Background UTL 

24.3 @Ci/l) Background UTL 



Selenium 

Silver 

Sodium 

Sulfate 

Uranium 

Vanadium 

Zinc 

** The action level for Radium 226+228 was generated by determining a combined UTL background value and adding 
the PRG for Radium 226 and the PRG for Radium 228. The PRGs for these parameters happen to be the same (0.2). 

0.17 Background UTL + PRG 

0.034 Background UTL + PRO 

100 Background UTL 

250 MCL 

0.022 Background UTL + PRG 

0.084 Background UTL + PRG 

1.109 BackgroundUTL + PRG 
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A large number of non-detect samples occur above the action levels. This is due to the 

detection level being greater than the action level. Most of these occurrences were collected 

before 1992. The RCRA GMP action levels were developed from 1992 method detection 

limits. The elevated detection limits are due to; laboratory procedures such as dilution, 

matrix interferences, changes in analytical methods, and laboratory contract required 

detection limits. When detection limits exceeded the action levels, the sample result was not 

considered to be elevated above the action levels. 

To determine those sample events that indicated a significant concentration above the action 

level, the data in Appendix B are sorted into single sample events above the action level and 

multiple sample events above the action level for a given wewparameter combination. If a 

monitoring well had more than one sample result above the action level for a given 

parameter, the well was considered to be suspect. Appendix C contains a list of the 

monitoring wells and parameters that were considered suspect. 

Radiological Groundwater Data Statistical Evaluation 

A statistical assessment was performed on the analytical data to substantiate the conclusions 

derived from the comparison to action levels. The statistical assessment was performed 

using all radiological historical data available for the RCRA monitoring wells. The following 

statistical assessment replace the statistical assessment reported in the 1992 RCRA Annual 

Report (section 6.4) for the radiological parameters only. 

The Wilk-Shapiro test was used to determine the distribution of the data. Appendix D 

presents the results of the Wilk-Shapiro test. The data were determined to be either normally 

or non-normally distributed. The test for outliers was performed using regression and 

studentized residual t statistical analysis. Figure 1 is a logic chart that explains the 

determination of statistical outliers. Table 3 lists the outliers that were identified by this 

method. 
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Figure 1 
Logic Diagram for the Determination of Statistical Outliers 
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PARAMETERS 

TABLE 3 
List of Statistical Outliers 

WELL 
NUMBER 

SAMPLE 
DATE 

Gross Alpha 

Gross Alpha 

Gross Alpha 

Gross Alpha 

Gross Alpha 

Gross Alpha 

Gross Alpha 

Gross Beta 

Gross Beta 

Gross Beta 

Gross Beta 

RA-226 

RA-228 

RA-228 

RA-228 

RA-228 

U-Total 

U-Total 

U-Total 

U-Total 

U-Total 

U-Total 

U-Total 

U-Total 

1031 

1042 

1081 

2010 

2064 

3069 

4008 

1074 

1081 

1645 

3069 

4001 

1064 

1074 

3070 

4008 

1082 

1160 

1229 

2027 

2043 

3037 

3106 

3120 

08/22/90 

09/24/90 

05/24/90 

05/10;90 

05/23/90 

06/13/90 

01 11 3/92 

11/16/90 

05/24/90 

10127192 

06/13/90 

0512 1 19 1 

02/05/92 

05/09/90 

04/06/92 

01/13/92 

05/24/90 

1 1 /OW39 

10/29/89 

01 12 1 192 

08/06/90 

05 IO5 18 8 

09/06/90 

02/05/92 

7 

OUTLIER 
VALUE 

----I_----- 

330 

94.0 

565 

192 

13.2 

2010 

3.03 

47 8 

490 

355 

38600 

2.29 

16.1 

33.0 

12.3 

12.2 

< 0.50 

17.0 

58.0 

330 

15.5 

35.0 

6.20 

8.69 

UNITS 
_____----_ 

pCi/L 

pCi/L 

pCi/L 

pCi/L 

pCi/L 

pCi/L 

pCi/L 

pCi/L 

pCi/L 

pCi/L 

pCi/L 

pCi/L 

pCi/L 

pCi/L 

pCi/L 

pCi/L 

PPb 

PPb 

PPb 

PPb 

PPb 

PPb 

PPb 

PPb 

4 '  



The determination of population distribution and summary statistics were performed with and 

without the statistical outliers. The trend analysis was performed without the statistical outliers. 

Summary statistics for all of the well-parameter combinations are provided in Appendix D. The 

summary statistics in Appendix D replace the summary statistics reported in Appendix H of the 

1992 RCRA Annual Report for radiological parameters only. The concentration units for the 

summary statistical tables are pCi/L except for total uranium, which is reported in ug/L or ppb. 

The pages preceding the summary tables in Appendix D describe the abbreviations used in the 

tables. 

The summary statistics consist of proportion of nondetects, N (sample population), type of 

distribution, mean, median, geometric mean, standard deviation, Q3-Q1 (inner quartile range), 

standard error of the mean, coefficient of variation, maximum value, minimum value, and ratio 

of maximum to minimum value (max/min ratio). The minimum, maximum, max/min ratio, 

mean, median, standard deviation, and coefficient of variation are used to evaluate the variability 

of normally distributed data. The geometric mean and inner quartile range are used in place of 

the mean and standard deviation to evaluate the variability of non-normal data. Trending of the 

data was used to determine if concentrations of a parameter in a well were increasing 

significantly. The trend analysis was performed on those well/parameter combinations that had 

concentrations above and below the action level (not including nondetects). The wells with 

constituent concentrations above the action levels were analyzed separately to evaluate the 

magnitude of concentrations above action levels. The analysis of all welVparameter combinations 

was performed to determine which monitoring wells had concentrations trending towards the 

action level. Figure 2 represents the logic flow path for trending analysis. 

The results of the trend analysis are provided in Tables 4 and 5. The slope per quarter 

represents the averaged increase in concentration @pm) per three month period. The 99 % , 95 % , 
and 80% Upper Confidence Limit (U.C.L.) and Lower Confidence Limit (L.C.L.) columns 

provide an error estimation on the slope. The one-tailed p value represents the probability of a 

false positive in the deteri..ination of an increasing slooe. 
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Figure 2 
Logic Diagram for the Determination of Statistical Outliers 
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Summary 

The results of this radiological assessment were consistent with the results of the chemical 

assessment completed in the 1992 RCRA Annual Report and Annual Report Update. The 

comparison of radiological results to the action levels identified 17 of 46 monitoring wells that 

contained confirmed concentrations above the action levels (see Appendix C). Of the 17 

monitoring wells, 15 were identified as having chemical parameters with confirmed 

concentrations above the action levels in the 1992 RCRA Annual Report. Monitoring Wells 2055 

and 3008 were the two monitoring wells that contained radium concentrations above the action 

levels, but did not contain any chemical parameters above the action levels. 

The trend analysis indicates that the radium concentrations in Monitoring Wells 2055 and 3008 

are not increasing. Also, the trend analysis determined that radionuclide concentrations are 

increasing in three monitoring wells (3037, 3066 and 3043) that already have concentrations 

above action levels , and two monitoring wells (3011 and 3024) with concentrations increasing 

toward the action levels. 
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Appendix B 
Analytical Results Above 
the RCRA GMP ACLs 



RADIOLOGICAL RESULTS ABOVE THE RCRA GMP 
ALTERNATE CONCENTRATION L I M  I TS 

- WELL 

2008 
2008 
2008 
2010 
2024 
2052 
2084 
2084 
2106 
2106 
2106 
2106 
2106 
2643 
2648 
2648 
2649 
2649 
2649 
2822 
3001 
3004 
3069 
3084 
3084 
3084 
3084 
3084 
3084 
4013 
4013 
2052 
2084 
2084 
2106 
2106 
2643 
2643 
2643 
2643 
2643 
2643 
2648 
2648 

QUARTER 

04/23/90 

02/07/91 
05/10/90 
05/31/90 
08/ 20 /90 
05/24/90 
11 /11/90 
06/15/90 
02/06/92 
05/20/92 
08/06/92 
12/03/92 
11 /15/90 
11 /15/90 
01/29/92 
11/16/90 
02/14/91 
01/27/92 
10/27/92 
01 /15/92 
09/17/90 
06/13 /90 
05/24/90 

02/27/91 
05/13/91 
01/23/92 
04/27/92 
02/06/91 
05/22/91 
08/20/90 

11/11/90 

11 /11/90 

11/11 /90 
10/22/92 
06/15/90 
02/06/92 
11 /15/90 
02/27/91 

04/23/92 
07/16/92 
10/26/92 
11 /15/90 
02/21 /9 1 

01/29/92 

PAR AM ET E R 

GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 

< = l e s s  than  t h e  minimum 
d e t e c t a b l e  a c t i v i t y  

DETECT RESULT 

29.5000 
33.8000 
31.2000 
192.0000 
35.0000 
33.1000 
53.4000 
109.0000 
31.6000 
25.0000 
38.3000 
25.2000 
30.8000 
35.1000 
43.2000 
99.4000 
28.4000 

< 61 .OOOO 
60.3000 
27.2000 
27.9000 
98.0000 
2010.0000 
98.3000 
6560.0000 
6880.0000 
8490.0000 
393.0000 
148.0000 
52.5000 
49.2000 
62.9000 
70.0000 
49.0000 
47.2000 
41.6000 
73.2000 
105.0000 
64.2000 
93.1000 
135.0000 
145.0000 
62.3000 
74.8000 

B- 1 

- AL 

24.3000 
24.3000 
24.3000 
24.3000 
24.3000 
24.3000 
24.3000 
24.3000 
24.3000 
24.3000 
24.3000 
24.3000 
24.3000 
24.3000 
24.3000 
24.3000 
24.3000 
24.3000 
24.3000 
24.3000 
24.3000 
24.3000 
24.3000 
24.3000 
24.3000 
24.3000 
24.3000 
24.3000 
24.3000 
24.3000 
24.3000 
38.3000 
38.3000 
38.3000 
38.3000 
38.3000 
38.3000 
38.3000 
38.3000 
38.3000 
38.3000 
38.3000 
38.3000 
38.3000 

UNITS 

pCi / L  
pCi /L 
pCi /L 
pCi /L 
pCi /L 
pCi/L 
pCi /L 
pCi /L 
pCi /L 
pCi /L 
pCi /L 
pCi /L 
pCi / L  
pCi /L  
pCi / L  
pCi /L 
pCi /L 
pCi / L  
pCi / L  
pCi /L  
pCi / L  
pCi /L 
pCi /L 
pCi / L  
pCi /L 
pCi /L 
pCi /L 
pCi /L 
pCi / L  
pCi /L 
pCi /L 
pCi / L  
pCi / L  
pC i /L  
pCi /L 
pCi / L  
pCi /L 
pC i  /L 
pCi /L 
pCi /L  
pCi / L  
pCi /L 
pCi /L 
pCi / L  



- WELL 

2648 
2648 
2648 
2648 
2649 
2649 
2649 
2649 
2649 
2821 
2822 
3004 
3055 
3055 
3069 
3084 
3084 
3084 
3084 
3084 
3084 
3084 
2010 
2010 
2010 
2027 
2027 
2037 
2043 
2043 
2043 
2052 
2055 
2055 
2066 
2070 
2084 
2648 
3001 
3008 
3008 
3010 
3010 
3010 

I 
RADIOLOGICAL RESULTS ABOVE THE RCRA GMP 

ALTERNATE CONCENTRAT I O N  L I M  ITS 

QUARTER PARAMETER 

01/29/92 
04/15/92 
07/14/92 
10/22/92 
02/14/91 
01/27/92 
04/21/92 
07/27/92 
10/27/92 
10/22/92 
10/27/92 
09/17/90 
os/ 11 /90 
01/09/92 
06/ 13/90 
05/24/90 
11 /11/90 
02/27/91 
05/13/91 
01 /23/92 
04/27/92 
10/22/92 
05/20/91 
10/15/92 
05/10/90 
05/09/91 
07/09/92 
05/07/90 
02/28/91 
05/30/91 
01/06/92 
09/ 13/88 
07/08/92 
10/01/92 
10/07/92 
05/11/92 
08/29/88 
01/29/92 
05/08/90 
07/08/92 
10/19/92 
05/21 /91 
01 /08/92 
10/01/92 

GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
RA-226+RA-228 
RA-226+RA-228 
RA-226+RA-228 
RA-226+RA-228 
RA-226+RA-228 
RA-226+RA-228 
RA-226+RA-228 
RA-226+RA-228 
RA-226+RA-228 
RA-226+RA-228 
RA-226+RA-228 
RA-226+RA-228 
RA-226+RA-228 
RA-226+RA-228 
RA-226+RA-228 
RA-226+RA-228 
RA-226tRA-228 
RA-226+RA-228 
RA-226+RA-228 
RA-226+RA-228 
RA-226+RA-228 
RA-226+RA-228 

< = l e s s  than  t h e  minimum 
d e t e c t a b l  e a c t i v i t y  

DETECT 

< 

< 
< 

< 

< 
< 

< 

< 

8-2 

RESULT - AL 

684.0000 
687.0000 
443.0000 
603.0000 
347.0000 
66.4000 
337.0000 
561.0000 
1250.0000 
82.1000 
62.5000 
137.0000 
47.2000 
41.1000 
38600.00 
112 .oooo 
71 50,0000 
9090.0000 
60 10.0000 
351.0000 
267.0000 
45.1000 
4.4900 
7.2000 
6.9240 
4.0350 
4.0000 
21.8800 
5.1100 
3.8680 
3.9400 
6.4000 
4.1000 
5.2000 
4.5000 . 

6.8000 
4.8000 
4.9070 
29.7660 
4.6000 
7.1000 
3.8560 
5.6150 
9.7000 

38.3000 
38.3000 
38.3000 
38.3000 
38.3000 
38.3000 
38.3000 
38.3000 
38.3000 
38.3000 
38.3000 
38.3000 
38.3000 
38.3000 
38.3000 
38.3000 
38.3000 
38.3000 
38.3000 
38.3000 
38.3000 
38.3000 
3.8200 
3.8200 
3.8200 
3.8200 
3.8200 
3.8200 
3.8200 
3.8200 
3.8200 
3.8200 
3.8200 
3.8200 
3.8200 
3.8200 
3.8200 
3.8200 
3.8200 
3.8200 
3.8200 
3.8200 
3.8200 
3.8200 

UNITS 

pCi /L 
pCi /L 
pCi /L 
pCi /L 
pCi /L 
pCi/L 
pCi /L 
pCi /L 
pCi /L 
pCi /L 
pCi /L 
pCi /L 
pCi /L 
pCi /L 
pCi /L 
pCi /L 
pCi /L 
pCi /L 
pCi /L 
pCi /L 
pCi /L 
pCi /L 
pCi /L 
pCi /L 
pCi /L 
pCi /L 
pCi /L 
pCi /L 
pCi /L 
pCi /L 
pCi /L 
pCi /L 
pCi /L 
pCi /L 
pCi /L 
pCi /L 
pCi /L 
pCi /L 
pCi /L 
pCi /L 
pCi /L 
pCi /L 
pCi /L 
pCi /L 



RADIOLOGICAL RESULTS ABOVE THE RCRA GMP 
ALTERNATE CONCENTRATION LIMITS 

- WELL 

3037 
3037 
3037 
3037 
3043 
3055 
3066 
3066 
3070 
3106 
4001 
4001 
4008 
4008 
4010 
4010 
4011 
4013 
2008 
2010 
2024 
2027 
2027 
2052 
2084 
2084 
2084 
2084 
2106 
2106 
2106 
2106 
2106 
2106 
2106 
2106 
2106 
2106 
2106 
2648 
282 1 
2822 
3001 
3001 

QUARTER PARAMETER 

05/14/91 RA-226tRA-228 
01/13/92 RA-226tRA-228 
10/01/92 RA-226tRA-228 
05/07/90 RA-226tRA-228 
08/04/88 RA-226tRA-228 
05/22/91 RA-226tRA-228 
04/06/92 RA-226tRA-228 
10/07/92 RA-226tRA-228 
06/03/92 RA-226tRA-228 
02/27/92 RA-226tRA-228 
05/21/91 RA-226tRA-228 
05/08/90 RA-226tRA-228 
05/20/91 RA-226tRA-228 
01/13/92 RA-226tRA-228 
05/29/91 RA-226tRA-228 
01/22/92 RA-226tRA-228 
06/19/91 RA-226tRA-228 
10/01/92 RA-226tRA-228 
01/05/90 U-TOTAL 
08/14/89 U-TOTAL 
07/15/91 U-TOTAL 
06/27/89 U-TOTAL 
01/21/92 U-TOTAL 
08/20/90 U-TOTAL 
08/29/89 U-TOTAL 
11/28/89 U-TOTAL 
05/24/90 U-TOTAL 
11/11/90 U-TOTAL 
02/07/89 U-TOTAL 
03/02/90 U-TOTAL 
06/15/90 U-TOTAL 
09/06/90 U-TOTAL 
05/07/91 U-TOTAL 
09/17/91 U-TOTAL 
11/07/91 U-TOTAL 
02/06/92 U-TOTAL 
05/20/92 U-TOTAL 
08/06/92 U-TOTAL 
10/13/92 U-TOTAL 
10/16/91 U-TOTAL 
10/22/92 U-TOTAL 
10/27/92 U-TOTAL 
08/16/89 U-TOTAL 
02/09/90 U-TOTAL 

< = l e s s  than t h e  minimum 
d e t e c t a b l e  a c t i v i t y  

DETECT 

< 

< 
< 
< 

< 
< 
< 
< 
< 
< 

< 

< 
< 

B-3 

RESULT 

3.8450 
5.3150 
5.4000 
19.3550 
10.0000 
9.2100 
4.4000 
4.3000 
12.7000 
10.4100 
21.8900 
39.1350 
4.0390 
12.5000 
3.9260 
4.6300 
6.8000 
6.5000 
25.4000 
34.0000 
23.0000 
46.0000 
330.0000 
23.2000 
25.0000 
32.0000 
30.4000 
26.9000 
61.0000 
88.6000 
50.9000 
56.0000 
67.8000 
53.1000 
50.0000 
68.8000 
77.3000 
56.9000 
53.6000 
27.0000 
32.0000 
60.. 9000 
25.0000 
23.9000 

AL - 

3.8200 
3.8200 
3.8200 
3.8200 
3.8200 
3.8200 
3.8200 
3.8200 
3.8200 
3.8200 
3.8200 
3.8200 
3.8200 
3.8200 
3.8200 
3.8200 
3.8200 
3.8200 
22.0000 
22.0000 
22.0000 
22.0000 
22.0000 
22.0000 
22.0000 
22.0000 
22.0000 
22.0000 
22.0000 
22.0000 
22.0000 
22.0000 
22.0000 
22.0000 
22.0000 
22.0000 
22.0000 
22.0000 
22.0000 
22.0000 
22.0000 
22.0000 
22.0000 
22.0000 



- WELL 

3037 
3069 
3069 
3069 
3069 
3084 
3084 
3084 
3084 
3084 
3084 
3084 
3084 
3084 
3084 
3084 
3084 
3084 
3084 
3084 
3084 
3084 
4013 
4013 
4013 
4013 

QUART E R 

05/05/88 
09/30/91 
11/13/91 
02/06/92 
10/01/92 
04/26/88 
08/29 /88 
11/29/88 
03/13/89 
06/29/89 
02/21/90 
05/24/90 
08/ 15/90 
11/11 /90 
02/27/91 
05/13/91 
07/11/91 
10/08/91 
01/23/92 
04/27/92 
07/15/92 
10/22/92 
06/06/89 
02/06/91 
05/22/91 
07/ 17/91 

RADIOLOGICAL RESULTS ABOVE THE RCRA GMP 
ALTERNATE CONCENTRATION. LIMITS 

PARAMETER 

U - TOTAL 
U-TOTAL 
U-TOTAL 
U-TOTAL 
U - TOTAL 
U-TOTAL 
U-TOTAL 
U-TOTAL 
U-TOTAL 
U-TOTAL 
U-TOTAL 
U-TOTAL 
U-TOTAL 
U-TOTAL 
U-TOTAL 
U-TOTAL 
U-TOTAL 
U - TOTAL 
U-TOTAL 
U-TOTAL 
U-TOTAL 
U-TOTAL 
U-TOTAL 
U- TOTAL 
U -TOTA L 
U - TOTA L 

< = l ess  than the minimum 
detectabl e activity 

DETECT RESULT 

< 

B-4 

35.0000 
31.0000 
41.0000 
36.9000 
22.9000 
218.0000 
25.0000 
23.0000 
93.0000 
26.0000 
110.0000 
30.0000 
103.0000 
16400.00 
22500.00 
10200.00 
10650.00 
9180.000 
450.0000 
51 1.0000 
87.6000 
66.1000 
86.0000 
80.0000 
46.5000 
3 1.0000 

AL - 

22.0000 
22.0000 
22.0000 
22.0000 
22.0000 
22.0000 
22.0000 
22.0000 
22.0000 
22.0000 
22.0000 
22.0000 
22.0000 
22.0000 
22.0000 
22.0000 
22.0000 
22.0000 
22.0000 
22.0000 
22.0000 
22.0000 
22.0000 
22.0000 
22.0000 
22.0000 

UNITS 
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- WELL 

2008 
2008 
2008 
2084 
2084 
2106 
2106 
2106 
2106 
2106 
2648 
2648 
2649 
2649 
2649 
3084 
3084 
3084 
3084 
3084 
3084 
4013 
4013 
2084 
2084 
2106 
2106 
2643 
2643 
2643 
2643 
2643 
2643 
2648 
2648 
2648 
2648 
2648 
2648 
2649 
2649 
2649 
2649 
2649 

CONFIRMED RADIOLOGICAL RESULTS ABOVE THE RCRA GMP 
ALTERNATE CONCENTRATION LIMITS 

QUARTER PARAMETER 

04 /23 /90 
11/11/90 
02/07 /9 1 
05/24/90 
11/11/90 
06/ 15/90 
02/06/92 
05/20/92 
08/06/92 
12/03 /92 
11 /15/90 
01/29/92 
11/16/90 
02/14/91 
01/27/92 
05/24/90 
11 /11/90 
02/27/91 
05/13/91 
01/23/92 
04/27/92 
02/06/91 
05/22/91 
11/11 /90 
10/22/92 
06/15/90 
02/06/92 
11/15/90 
02/27/91 
01/29/92 
04/23/92 
07/16/92 
10/26/92 
11 / 15/90 
02/21/91 
01/29/92 
04/15/92 
07/14/92 
10/22/92 
02/14/91 
01/27/92 
04/21/92 
07/27/92 
10/27/92 

GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 

< = l e s s  than t h e  minimum 
de tec tab l  e a c t i v i t y  

DETECT RESULT - AL UNITS 

29.5000 
33.8000 
31.2000 
53.4000 
109.0000 
31.6000 
25.0000 
38.3000 
25.2000 
30.8000 
43.2000 
99.4000 
28.4000 

< 61 .OOOO 
60.3000 
98.3000 
6560.0000 
6880.0000 
8490.0000 
393.0000 
148.0000 
52.5000 
49.2000 
70.0000 
49.0000 
47.2000 
41.6000 
73.2000 
105.0000 
64.2000 
93.1000 
135.0000 
145.0000 
62.3000 
74.8000 
684.0000 
687.0000 
443.0000 
603.0000 
347.0000 
66.4000 
337.0000 
561.0000 
1250.0000 

24.3000 
24.3000 
24.3000 
24.3000 
24.3000 
24.3000 
24.3000 
24.3000 
24.3000 
24.3000 
24.3000 
24.3000 
24.3000 
24.3000 
24.3000 
24.3000 
24.3000 
24.3000 
24.3000 
24.3000 
24.3000 
24.3000 
24.3000 
38.3000 
38.3000 
38.3000 
38.3000 
38.3000 
38.3000 
38.3000 
38.3000 
38.3000 
38.3000 
38.3000 
38.3000 
38.3000 
38.3000 
38.3000 
38.3000 
38.3000 
38.3000 
38.3000 
38.3000 
38.3000 

pCi /L 
pCi /L 
pCi /L 
pCi /L 
pCi /L 
pCi / L  
pCi / L  
pCi /L  
pCi /L 
pCi /L 
pCi /L 
pCi /L 
pCi /L 
pCi/L 
pCi / L  
pCi /L 
pCi / L  
pCi /L 
pCi /L 
pCi /L  
pCi /L 
pCi /L 
pCi /L 
pCi /L 
pCi /L 
pCi / L  
pCi / L  
pCi /L 
pCi /L  
pCi / L  
pCi / L  
pCi /L 
pCi /L 
pCi /L 
pCi /L 
pCi /L  
pCi /L 
pCi /L 
pCi/L 
pCi /L 
pCi /L 
pCi /L 
pCi /L 
pCi /L 

c- 1 



- WELL 

3055 
3055 
3084 
3084 
3084 
3084 
3084 
3084 
3084 
2043 
2043 
2043 
2055 
2055 
3008 
3008 
3010 
3010 
3010 
3037 
3037 
3037 
3037 
3066 
3066 
2027 
2027 
2084 
2084 
2084 
2084 
2106 
2106 
2106 
2106 
2106 
2106 
2106 
2106 
2106 
2106 
2106 
3001 
3001 

CONFIRMED RADIOLOGICAL RESULTS ABOVE THE RCRA GMP 
ALTERNATE CONCENTRATION LIMITS 

QUARTER PARAMETER 

05/11/90 GROSS BETA 
01/09/92 GROSS BETA 
05/24/90 GROSS BETA 
11/11/90 GROSS BETA 
02/27/91 GROSS BETA 
05/13/91 GROSS BETA 
01/23/92 GROSS BETA 
04/27/92 GROSS BETA 
10/22/92 GROSS BETA 
02/28/91 RA-226+RA-228 
05/30/91 RA-226+RA-228 
01/06/92 RA-226+RA-228 
07/08/92 RA-226+RA-228 
10/01/92 RA-226+RA-228 
07/08/92 RA-226+RA-228 
10/19/92 RA-226+RA-228 
05/21/91 RA-226+RA-228 
01/08/92 RA-226+RA-228 
10/01/92 RA-226+RA-228 
05/14/91 RA-226+RA-228 
01/13/92 RA-226+RA-228 
10/01/92 RA-226+RA-228 
05/07/90 RA-226+RA-228 
04/06/92 RA-226+RA-228 
10/07/92 RA-226+RA-228 
06/27/89 U-TOTAL 
01/21/92 U-TOTAL 
08/29/89 U-TOTAL 
11/28/89 U-TOTAL 
05/24/90 U-TOTAL 
11/11/90 U-TOTAL 
02/07/89 U-TOTAL 
03/02/90 U-TOTAL 
06/15/90 U-TOTAL 
09/06/90 U-TOTAL 
05/07/91 U-TOTAL 
09/17/91 U-TOTAL 
11/07/91 U-TOTAL 
02/06/92 U-TOTAL 
05/20/92 U-TOTAL 
08/06/92 U-TOTAL 
10/13/92 U-TOTAL 
08/16/89 U-TOTAL 
02/09/90 U-TOTAL 

DETECT RESULT - AL 

47.2000 
41.1000 

7150.0000 
9090.0000 
6010.0000 
351 .OOOO 
267.0000 
45.1000 
5.1100 
3.8680 
3.9400 
4.1000 
5.2000 
4.6000 
7.1000 
3.8560 
5.6150 
9.7000 
3.8450 
5.3150 
5.4000 
19.3550 
4.4000 
4.3000 
46.0000 
330.0000 
25.0000 
32.0000 
30.4000 
26.9000 
61 .OOOO 
88.6000 
50.9000 
56.0000 
67.8000 
53.1000 
50.0000 
68.8000 
77.3000 
56.9000 
53.6000 
25.0000 
23.9000 

112.0000 

38.3000 
38.3000 
38.3000 
38.3000 
38.3000 
38.3000 
38.3000 
38.3000 
38.3000 
3.8200 
3.8200 
3.8200 
3.8200 
3.8200 
3.8200 
3.8200 
3.8200 
3.8200 
3.8200 
3.8200 
3.8200 
3.8200 
3.8200 
3.8200 
3.82Or3 
22.0000 
22.0000 
22.0000 
22.0000 
22.0000 
22.0000 
22.0000 
22.0000 
22.0000 
22.0000 
22.0000 
22.0000 
22.0.000 
22.0000 
22.0000 
22.0000 
22.0000 
22.0000 
22.0000 

< = less  than  t h e  minimum 
d e t e c t a b l e  a c t i v i t y  c-2 



WELL 

3037 
3069 
3069 
3069 
3069 
3084 
3084 
3084 
3084 
3084 
3084 
3084 
3084 
3084 
3084 
3084 
3084 
3084 
3084 
3084 
3084 
3084 
4013 
4013 
4013 
4013 

CONFIRMED RADIOLOGICAL RESULTS ABOVE THE RCRA GMP 
ALTERNATE CONCENTRATION L I M I T S  

QUARTER PARAMETER 

05/05/88 
09/30/91 
11/13/91 
02/06/92 
10/01/92 
04/26/88 
08/29/88 
11 /29/88 
03/13/89 
06/29/89 
02/21/90 
05/24/90 
08/15/90 
11/11/90 
02/27/91 
05/13/91 
07/ 11 /91 
10/08/91 
01/23/92 
04/27/92 
07/15/92 

06/06/89 
02/06/91 
05/22/91 
07/ 17/91 

10/22/92 

U-TOTAL 
U-TOTAL 
U-TOTAL 
U-TOTAL 
U-TOTAL 
U-TOTAL 
U-TOTAL 
U-TOTAL 
U-TOTAL 
U-TOTAL 
U-TOTAL 
U-TOTAL 
U -TOTA L 
U-TOTAL 
U-TOTAL 
U-TOTAL 
U-TOTAL 
U-TOTAL 
U-TOTAL 
U-TOTAL 
U-TOTAL 
U-TOTAL 
U-TOTAL 
U-TOTAL 
U - TOTA L 
U - TOTA L 

DETECT RESULT - A L  

< 

35.0000 
31.0000 
41 .OOOO 
36.9000 
22.9000 
218.0000 
25.0000 
23.0000 
93.0000 
26.0000 
110.0000 
30.0000 
103.0000 
16400.00 
22500.00 
10200.00 
10650.00 
9180.000 
450.0000 
51 1.0000 
87.6000 
66.1000 
86.0000 
80.0000 
46.5000 
31 .OOOO 

22.0000 
22.0000 
22.0000 
22.0000 
22.0000 
22.0000 
22.0000 
22.0000 
22.0000 
22.0000 
22.0000 
22.0000 
22.0000 
22.0000 
22.0000 
22.0000 
22.0000 
22.0000 
22.0000 
22.0000 
22.0000 
22.0000 
22.0000 
22.0000 
22.0000 
22.0000 

< = l e s s  than the minimum 
detectable activity c-3 

U N I T S  



Appendix D 
Results of the 

Wilk-Shapiro Test 



1)  
LOGIC If the type of distribution is normal for that parameter and 

well, and- 
If Proportion of Nondetects is less than or equal (<  Or =) 
to 202 nondetects for that parameter and Well. 

Then .the following statistics are most appropriate for the given 
well: 

Proportion of Nondetects: - 

N: 
Type of Distribution: Normax 
Mean: 
Standard Deviation: 
Standard Error of Mean: 
Coefficient of Variation: 
Maximum Value: 
Minimum Value: 
Max/Min Ratio: 

The above descriptive statistics were calculated substituting 1/2 
the limit of detection for all nondetect values. 

2 )  
LOGIC If the type of distribution is normal for that parameter and _ -  

well, and 
If Proportion of Nondetects is greater than (>) 20% 
nondetects but less than (<) 50% nondetects for that 
parameter and well. 

Then enter the following statistics are most appropriate for the 
given well: 

Proportion of Nondetects: 
N: 
Type of Distribution: Normal 
Median: 
Maximum Value: 
Minimum Value: 
Max/Min Ratio: 

The above descriptive statistics were calculated substituting 1/2 
the limit of detection for all nondetect values. 

D- 1 



477a 
3 )  
LOGIC If the type of distribution is normal for that parameter and 

well, and 
If Proportion of Nondetects is greater than or equal to (> 
or =) 100% nondetects for 50% nondetects but less than (<) 
that. parameter and well. 

Then the following statistics are most appropriate for the given 
well: 

Proportion of Nondetects: 
N: 
Type of Distribution: Normal 
Mean: c 
Maximum Value: 
Minimum Value: < 
Max/Min Ratio: > 

The above descriptive statistics were calculated usingthe limit of 
detection for all nondetect values. 

4 )  
LOGIC If Proportion of Nondetects is equal to (=) 100% nondetects 

for that parameter and well. 

Then the following statistics are most appropriate for the given 
well: 

Proportion of Nondetects: 1.000 
N: 
Type of Distribution: Undeterminable 
Mean: < 

The above descriptive statistics were calculated using the limit of 
detection for all nondetect values. 

0-2 



5 )  
LOGIC If the type of distribution is nonnormal for that parameter 

and well;- and 
If the CV is greater than (>) amroximatelv 9 0 . 0 ( % ) ,  and 
If Max/Win ratio is greater than (>) amroximatelv 15, and 

If the Proportion of Nondetects is less than or equal to (< 
or =) 209  nondetects for that parameter and well. 

Then the following statistics are most appropriate for the given 
well: 

Proportion of Nondetects: 
N: 
Type of Distribution: Nonnonnal (i.e.. Loanormall 
Geometric Mean: 
43 - Q1: 
Coefficient of Variation: 
Maximum Value: 
Minimum Value: 
Max/Min Ratio: 

The above descriptive statistics were calculated substituting 1/2 
the limit of detection for all nondetect values. 

6 )  
LOGIC If the type of distribution is nonnormal for that parameter 

and well, and 
If CV is greater than (>) awroximately 90 .0 (%)  , and 
If Max/Min ratio if greater than (>)  mroximately 15, and 

If Proportion of Nondetects is greater than (>) 20% 
nondetects but less than (<) 50% nondetects for that 
parameter and well. 

Then the following statistics are most appropriate for the given 
well: 

Proportion of Nondetects: 
N: 
Type  of Distribution: Nonnormal [i.e., Lounormall 
Median : 
Maximum Value: 
Minimum Value: 
Max/Min Ratio: 

The above descriptive statistics were calculated substituting 1/2 
the limit of detection for all nondetect values. 
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LOGIC If the type of distribution is nonnomal for that parameter 
and well,- and 
If CV is greater than (>) 9 0 . 0 ( % ) ,  and 
If Max/Min ratio is greater than (>) amroximately 15, and 

If Proportion of Nondetects is greater than or  equal to (> 
or =) 50% nondetects but less than ( e )  100% nondetects for 
that parameter and well. 

Then the following statistics are most appropriate for the given 
well: 

Proportion of Nondetects: 
N: 
Type of Distribution: Nonnormal (i.e., Loanomall 
Geometric Mean: < 
Maximum Value : 
Minimum Value: < 
Max/Min Ratio: > 

The above descriptive statistics were calculated using the limit of 
detection for  all nondetect values. 
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