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Demonstration of Innovative Applications 
of Technology for the CT-121 FGD Process 

Plant Yates 

Environmental Monitoring Program Report: 
Fourth Quarter and Annual 1996 

This progress report summarizes activities associated with the environmental monitoring 

program (EMP) during the third and fourth quarters and calendar year of 1996 for the U.S. 

Department of Energy’s Innovative Clean Coal Technology project entitled “Demonstration of 

Innovative Applications of Technology for the CT-121 FGD Process.” This demonstration 

project was conducted at Georgia Power Company’s Plant Yates Unit 1, located near Newnan, 

Georgia, until January 1995, when operational responsibility was permanently transferred to 

Georgia Power Company from Southern Company Services, Inc., manager of the demonstration 

project. 

Operational testing was completed in December of 1994 and operation of the scrubber 

was turned over to Georgia Power Company. Post-operational-phase monitoring under the EMP 

was limited to groundwater monitoring. Post-operational-phase groundwater monitoring began 

during the first quarter of 1995 and continued through the fourth quarter of 1996. With the 

completion of the two-year post-operational-phase, EMP monitoring has now been completed, 

and this is the last of the quarterly reports to be submitted under the project. 

Reports containing the results of groundwater monitoring conducted during the third and 

fourth quarters of 1996 are attached (Attachments A and B, respectively). 



Attachment A 

Groundwater Monitoring Report for the Third Quarter of 1996 
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1 .O Introduction 

This report summarizes the results of groundwater monitoring performed during the third 

calendar quarter of 1996 as part of the environmental monitoring program (EMP) for the U.S. 

Department of Energy’s Innovative Clean Coal Technology project entitled “Demonstration of 

Innovative Applications of Technology for the CT-121 FGD Process.” This demonstration 

project is being conducted at Georgia Power Company’s Plant Yates Unit I, located near 

Newnan, Georgia. 

1.1 Project Summary 

The purpose of this ICCT project is to demonstrate the use of the Chiyoda Thoroughbred- 

I21 flue gas desulfurization process as a means of reducing SO, and particulate emissions from 

pulverized-coal utility boilers that use medium-sulfur coal. This project is also designed to 

demonstrate the lower cost and higher reliability of the CT-121 process compared to 

conventional wet limestone FGD processes. 

The demonstration project at Plant Yates consists of four distinct test periods: 

. Period 0: Site Preparation, Construction, and Startup of the Demonstration 
Project (including background groundwater monitoring [29 months]); 

. Period 1: Baseline Testing at Low Particulate Loading-ESP In Service (I2 
months); 

. Period 2: Testing at High Particulate Loading-ESP Detuned or Out of Service 
(12 months); and 

l Period 3: Post Demonstration Groundwater Testing and Gypsum Byproduct 
Evaluation. 

Period 2 ended in December 1994. Groundwater monitoring was initiated in Period 0 and 

will continue through 24 months of Period 3. 

1.2 Purpose and Scope of Groundwater Monitoring 

The CT-121 process produces gypsum, which is being disposed of in an on-site stacking 

area where the solids are concentrated as they are allowed to settle, dewater, and dry. The 

gypsum and gypsum/fly ash stacking area is lined with a synthetic liner to minimize the potential 
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for adverse impacts on the groundwater. Requirements for the liner, leachate collection system, 

and groundwater monitoring are specified in the permit issued by the Georgia Department of 

Natural Resources (DNR). One requirement is the regular monitoring of groundwater before, 

during, and for two years after the demonstration program. The purpose of this monitoring is to 

demonstrate that the gypsum stacking area can be operated in an environmentally benign and 

acceptable manner. 

In 1990, five groundwater monitoring wells were installed in the vicinity of the proposed 

gypsum stacking area. These wells were used to monitor baseline groundwater quality prior to 

construction of the stacking area. Monitoring was conducted every two months from September 

1990 through July 199 1. Table 1 is a summary of the parameters that were monitored during this 

period. The results of this monitoring activity were summarized in the report “Environmental 

Monitoring Program Report of Preconstruction Monitoring: 1990-1991 Background Water 

Quality.” 

Following the preconstruction monitoring period, and as a DNR permit requirement, two 

additional monitoring wells were installed in 1992. The locations of all seven monitoring wells 

are shown in Figure 1. Because of a delay in the commencement of Phase 1 testing, an additional 

round of pre-operational groundwater monitoring was conducted on September 3-4 and October 

14, 1992. The results from this monitoring effort were presented in the report “Interim Data 

Report of Pre-operational Groundwater Monitoring: September 3-4 and October 14, 1992.” 

Operational-phase groundwater monitoring, performed on a quarterly basis, was initiated 

in the fourth quarter of 1992. Monitoring was conducted for the suite of parameters shown in 

Table 1. Samples were analyzed each quarter for all parameters shown except for radionuclides, 

which are monitored semiannually. 

Beginning in the second quarter of 1994, monitoring is also being performed quarterly for 

total organic halides (TOX) and annually for volatile organic compounds (VOCs). These 

parameters have been added to comply with requirements of the permit issued by the Environ- 

mental Protection Division of the Georgia DNR. 



Table 1. EMP Groundwater Monitoring Parameters 

Bismuth 
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The post-demonstration groundwater monitoring period began in the first quarter of 1995 

and will be conducted over a period of two years for the same parameters and at the same 

frequency as during the operational phase. 

1.3 Report Contents 

This report presents the results of quarterly post-demonstration groundwater monitoring 

for the third calendar quarter of 1996. The groundwater monitoring wells were sampled on 

September 13-14, 1996. 

Section 2 is a brief summary of the groundwater sampling and analytical methods used to 

conduct the monitoring. The results of the monitoring are presented in Section 3. Results of 

quality assurance/quality control (QA/QC) activities associated with sample analyses are 

summarized in Section 4. Tables of historical data for selected parameters and the results for 

field and laboratory duplicates are given in the appendices. 

2.0 Sampling and Analytical Methods 

This section describes the methods used to obtain and analyze groundwater samples. 

These methods were specified in Radian’s “Test Plan for Groundwater Monitoring Around the 

Plant Yates Gypsum Stacking Area,” August 30, 1990, as amended. 

2.1 Sampling Methods 

The QED Well Wizard dedicated sampling system was used to purge the monitoring 

wells and collect samples. The Well Wizard system utilizes a dedicated Teflon@ bladder pump 

and portable gasoline-powered air compressor to extract groundwater samples. 

To ensure the collection of a representative sample, standing water was removed from 

each well by purging a minimum of three wetted casing volumes. Conductivity, pH, redox 

potential, and temperature were monitored and recorded on field sampling forms during purging. 

Samples were collected after these indicator parameters stabilized and (1) after at least three 

wetted casing volumes of water were removed or (2) immediately following recovery if a well 

was purged dry. 

Table 2 summarizes the groundwater samples collected during this monitoring period. 

Samples were obtained from the upgradient well (GWA-1) and five of the six downgradient 
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Table 2. Summary of Groundwater Samples Collected 
at Plant Yates on September 13-14,1996 

Well ID 

GWA-1 

GWC-I 

Sample ID 

GWA-1-23-l 

GWC-I-23-I 

Analyses 

Anions, TOC, TOX, and Metals 

Anions, TOC, TOX, Metals, and Radionuclides 

II GWC-2 

II GWC-3 

I GWC-2-23-l 1 Anions, TOC, TOX, Metals, Radionuclides, and VOCs II 

I 
GWC-3-23-l Anions, TOC, TOX, Metals, Radionuclides, and VOCs 
GWC-3-23-2 Dwlicate for Radionuclides onlv II 

GWC-4 GWC-4 

GWC-5 GWC-5 

GWC-4-23-I GWC-4-23-I Anions, TOC, TOX, Metals, and Radionuclides Anions, TOC, TOX, Metals, and Radionuclides 
GWC-4-23-2 GWC-4-23-2 Duplicate for Anions, TOC, TOX, and Metals Duplicate for Anions, TOC, TOX, and Metals 

GWC-S-23-1 GWC-S-23-1 Anions, TOC, TOX, Metals, and Radionuclides Anions, TOC, TOX, Metals, and Radionuclides 

GWC-6 None I Well dry; no samples collected I 

wells (GWC-1, GWC-2, GWC-3, GWC-4, and GWC-5). As has been the case during all 

previous rounds of monitoring, no samples were collected from side-gradient well GWC-6 since 

this well was dry. A Sample for radionuclides analyses was not obtained from well GWA-1 

because of insufficient groundwater volume. Duplicate samples were collected from wells GWC- 

3 (for radionuclides) and GWC-4 (for all other analytes). The radionuclides duplicate sample was 

collected at well GWC-3 because sample filtration was excessively slow at well GWC-4 for the 

large sample volumes required for radionuclides analysis. Because several volatile organic 

compounds, including benzene, toluene, ethylbenzene, and xylenes were detected in samples 

from wells GWC-2 and GWC-3, aliquots were collected again this quarter from these wells for 

VOC analysis. 

To preserve the integrity of the groundwater samples before analyses, proper sample 

container, preservation, holding time duration, shipment, and chain-of-custody procedures were 

followed. Sample bottles, preservation methods, and maximum holding times are s-arized in 

Table 3. 

2.2 Analytical Procedures 
The analytical methods used in this program are listed in Table 4. There were no 

deviations from these methods. Because the conductivity sensor for the field meter was not 

functioning, conductivities were measured using an instrument in the Plant Yates scrubber 

laboratory. Unpreserved sample aliquots were used for this purpose. 
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Table 4. Analytical Methods 

Trace Elements On-site Filtration/AA and ICP-AES EPA 200.7,7421 (Cr), 7060 

Legend: 

AA = Atomic absorption spectrophotometry; 
SIE = Specific ion electrode; 

ICP-AES = Inductively coupled plasma-atomic emission spectrometry; and 
IR = Infrared detection. 

GC/MS = Gas Chromatography/Mass Spectroscopy 

References: 

EPA “Methods for Chemical Analysis of Water and Wastes,” EPA-600/4-79-020, revised March 1983. 
ASTM = American Society for Testing and Material, Annual Book ofASTMSrandards. 
SW-846 “Test Methods for Evaluating Solid Waste,” SW-846, 3rd Ed., November 1986. 
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3.0 Summary of Results 

The results of the third-quarter 1996 groundwater monitoring are presented in Table 5 
The concentrations of all of the monitored dissolved constituents in the groundwater near the 
gypsum stacking area continue to be low. 

To help determine whether the material in the gypsum stacking area is having an impact 
on groundwater quality, the monitoring data for a selected number of representative species from 
all of the monitoring rounds conducted to date were tabulated and examined. The representative 
species selected are those present in appreciable concentrations in the gypsum slung, including 
the major cations and anions (i.e., calcium, magnesium, chloride, and sulfate), as well as several 
other indicator parameters such as pH, TDS, conductivity, and alkalinity. The complete set of 
historical data for these species is provided in Appendix A. Examples of concentration-versus- 
time plots for several species are provided in Figures 2 through 4. Data are presented for the 
upgradient well, GWA-1, and two downgradient wells, GWC-2 and GWC-4. The locations of 
these wells were shown previously in Figure 1. As has been the case since monitoring began, 
samples were not obtained from downgradient well GWC-6. 

The concentrations of chloride, magnesium, and calcium in the water from downgradient 
well GWC-4 were similar to those found during the previous quarter’s monitoring, but are 
significantly higher than those measured during the preoperational period. A generally upward 
trend in the concentrations of these gypsum constituents was first noticed in the fourth quarter of 
1993. There have been no significant increases in the levels of these species in either the 
upgradient well or the other downgradient wells. 

The source(s) of the higher levels of gypsum constituents in well GWC-4 is (are) not 
clearly apparent. However, there are several potential sources, and three of the more plausible are 
briefly described below: 

. A breach of the dike surrounding the gypsum pond occurred on July 24, 1993. 
This breach happened in the vicinity of well GWC-4. Since the increase in the 
levels of chloride, magnesium, and calcium in GWC-4 was first noticed in the 
fourth quarter of 1993, it seemed likely that the increase was the result of the dike 
breach. The validity of this assumption appeared to be reinforced in the first 
quarter of 1995, when the levels of the three species declined in GWC-4. Such a 

9 



-B 
-f 

/ 
if -- 

,0 / 2, 
3 j 
‘g 
z- 
9; : 
2: i 

-3 
I .j 

7-z 
.- j 

j 

“D 2 z :: z z “2 0 

116w 'awns 

E .a 
z 
8 -, 2 -, 

I 

I 

iE 
lg ‘- ‘U 
z 

-1 
-$ -1 

A i 

_/ 
z 
7 9 i 

ii / 

10 



I 
i 

VI 

F 

3,; 
‘7 ,i 

f6 

n N 0 
1/6tu ‘w”!sa”iieyy 

!I I 1 ! 3 
s/ 
d 3 -/ 

ii 
EiGiii![ i 2 

* *j N c 0 ,,6Lu ‘iu”!3,E~ 

-E ,- 
j 

= 
-tj 

-1 

I3 F = u) - N Ov 
lb 'eP!ml3 

11 



g 
I 

I 
z 

l! 
Ii 

-5 
37 

ii, 
iz 
I;i 

2. 

g i,, 

.$ $ ” z “7 a 

1/6u ‘wn!rau6eyy 

N 

- 

- 
s co LD . 

116~ ‘u”!qe3 

12 

7 

-z 
7 

-; / 

-$ 

-1; 

=i 

---:I 

- 
m u) . N T 

116~ ‘awns 



- 

A 
Y 

I, 
A c 

3, 

c! c;’ 

‘: 

- 
% 
1 

- 

K 

2 

1 2 
hi 

N 

0 

- 

> c 
! - c 

L 

i : ; 

-1 
g 
4 c 

“ 

E c 

E 
: 
: 
5 

i 
~ : 
; : 

: 

- 

13 



: ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 

: 
; 1 : : 

: ; ! 

3 ! 

3 
i : 

ti 

z $,: 
2s’ 
2;: 
P&l” 

14 



n 
jr 

b 

- 

15 



. 

. 
: 

E 
: 
F 

: 

: 

. 

L 

1 

. 

1 

L 

: 

: 

: 

; 

: 

; 

; 

16 



decline would be expected as the amount of spilled material remaining in the soil 
diminished due to gradual downward migration in the soil. However, no further 
decrease in the GWC4 concentrations occurred over the following three quarters 
of 1995. In fact, further increases in the levels of chloride, magnesium, and 
calcium were noted in the first and second quarters of 1996. These concentrations 
leveled off during the current quarter. Although this behavior could still bc due to 
the 1993 breach (e.g., due to changes in rainfall patterns and/or acidity of the rain 
could cause higher migration rates and/or increased leaching of the soil), other 
factors could be contributing to or causing higher levels of gypsum constituents in 
the groundwater in the vicinity of GWC-4. 

. The groundwater sampling team has noticed that there appear to have been 
periodic leaks from a slurry pump and associated valves and fittings that are in 
close proximity (i.e., within 30-40 feet) to GWC-4. Slurry has periodically leaked 
onto the ground and flowed across the soil surface to form small pools within 1 O- 
15 feet of GWC-4. This material could be the source of at least some of the 
increased levels of chloride, magnesium, and calcium observed during the first 
three quarters of 1996 monitoring. 

. The possibility that the increased levels of the gypsum slurry constituents in 
GWC-4 could be caused by a leak in the liner under the gypsum stacking area 
cannot be discounted. There is no indication of leakage in the monitoring results 
from the other wells, but this does not preclude the presence of a liner leak at a 
location immediately upgradient from GWC-4. 

At this time, it is not possible to determine which, if any, of the possible causes described 
above is contributing the bulk of the chloride, etc., being seen in GWC-4. Some clarification may 
be forthcoming as more results of the continuing groundwater monitoring activities become 
available. 

Because several volatile organic compounds were detected in some of the groundwater 
samples during last quarter’s monitoring, samples from GWC-2 and GWC-3 were analyzed for 
VOCs again this quarter. This time, extra care was taken in handling the samples to assure that 
they were not contaminated with organics from other sources (e.g., gasoline fumes from the Well 
Wizard pump). No VOCs were found above the method detection limits in the samples from 
either well. It is likely that the VOCs found during last quarter’s monitoring were present due to 
sample contamination. 
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4.0 Summary of CIA/QC Activities 

A number of QA/QC activities are being performed, as specified in the project’s EMP, to 
assure that the data obtained meet project objectives. These include the following: 

. Groundwater samples were split for independent analysis by a laboratory selected 
by SCS. 

. Established sampling and analytical methods were specified and used. All 
samples were analyzed within the specified holding times, as outlined in Section 
2. There were no deviations from the specified methods during this quarter’s 
monitoring effort. 

. Chain-of-custody procedures established in the test plan for this project were 
observed. 

. In the laboratory, method blanks, control samples, and matrix spikes were 
analyzed in conjunction with the sample analyses, following recognized good 
laboratory practice. Specified recovery limits (typically 80 to 120%) were met for 
all analytes in the laboratory control samples, Recoveries were low in one of two 
matrix spike samples for silicon (74%), boron (72%) and magnesium (74%); in 
the other matrix spike sample for these species, recoveries close to 100% were 
obtained. For TOX, the matrix spike recoveries were low in both samples (67% 
and 71%). The results for these analytes, especially TOX, may be somewhat 
suspect. 

l Duplicate samples were obtained in the field and analyzed for all parameters. 
Replicate analyses were performed for a smaller number of parameters. 

The results of the analysis of field and laboratory duplicates are summarized in Table 6 
for those parameters measured above the detection limit in at least one sample. Complete results 
are provided in Appendix B. Differences in the duplicate analyses results were small for most 
species (i.e., less than lo-20%). Unusually large differences between sample duplicates were 
obtained for chromium, nickel, lead, and tin. For these species, the measured concentrations were 
all near the detection limit, where less accurate results can be expected. The results of the 
duplicate analyses performed for TDS and TOX were within specified quality limits. 
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Table 6. Results for Duplicate Samples-Third Quarter 1996 

Sample 
Field Duplicate 

Duplicate Analysis 

“% Difference = @WC-4-23-2 - GWC-4-23-l)/GWC-4-23-l x 100%. 
bRPD = Relative Percent Difference, defined as follows: 
RPD = /Lm x 100%. 

(Larger Value + Smaller Value)/2 
’ Detected in the method blank. 
‘Value is less than five times the detection limit; results are expected to be less accurate as concentrations approach 
the detection limit. 

NC = Not computed 

19 



Appendix A 

Historical Monitoring Data for Selected Parameters 

A-l 



Table A-l. Historical Monitoring Data for Selected Parameters 

A-2 



Baselinr Monitoring 

Round I Round * Round 3 Round 4 Round 5 Round 6 Round 7 Round8 
Pzwmncrer 6 sep 90 2 NO" 90 wJsn91 11 Mm91 8 May 91 1-2 J", 9, 3.4Srp92 29.30Dcc92 

we,,: GWC-I (Farmerly cw-2) 

oH I 6.09 I 5.79 I 5.62 1 5.93 1 6.04 1 5.96 I 6.1 I 4.5 

Conductivity 81 70 72 63 63 66 18 57 Alk"li"!fY 21.1 1 22.9 1 24,4 I 22.1 I 20.5 I 25.8 ) 27.8 I 23.3 I 

IITDS I 81 I 51 I 59 1 52 1 48 1 64 1 64 I 68 11 

Chloride 3.5 2.8 3.1 3.4 I 2.8 2.5 2.5 2.6 su,rate I 7.6 I 5 I 2.8 co.05 I.2 I 1.5 I 3.2 I 3.3 I 

Calcium 3.9 3.6 3.8 3.2 3.4 3.6 4.3 4.0 

Magnesium 2.3 2.5 2.8 2.2 2.4 2.5 3.2 3.0 

Sodium 5,9 5.2 4.3 4.1 4.2 4.1 4." 4.0 

Silicon 9 9 9.2 II ,I II ,I 12 

Round9 Round,0 Round II Round12 Hound13 Round14 Round15 Ra"nd16 
l%rm"erw 30-31 mar93 2,J"" 93 23-24Sep93 Sam94 22-23 Mar94 21.22J"n 94 31 A"Q94 20-21 mc94 

Well: GWC-I Wormerlv CW-2) Kontinuedl 

PH 5.83 6,O 6.0 6.1 5.89 5.91 6.09 6.09 

Conductivity 67 57 6, 74 6, 60 68 76 

Alkalinitv 22.5 24.1 21.3 29.9 25 30.1 25 22 

TDS 43 74 10 22 66 56 64 46 

Chloride 2.6 2.6 2.5 3.5 2.43 2.71 2.1, 2.68 

S”lMLT 2.2 ~2.5 2.6 3.3 1.75 1.11 1.64 1.19 

Calcium 8.8 4.1 4.1 5.1 4.12 4.65 5.00 4.50 

Magnesium 6.2 2.9 3.0 3.1 3.14 3.39 3.70 3.33 

Sodium 4.2 4.0 3.8 4.3 4.12 4.16 4.32 4.10 

Silicon 16 I 12 12 12.1 11.9 I 11.9 11.8 10.9 

Round 17 Round18 Round19 Round20 Round21 Round 22 Round 23 
Parameter 28.29Mar95 13.14Jun95 ,I-12Scp95 12.13Dcc95 18-19 Mar96 20-21 Jun96 13-14Srp96 

Well: GWC-I (Formerly W-2) (Continued) 

PH 6.05 5.70 6.00 5.92 6.04 5.84 5.96 I 
Conductivitv 1 17 I 66 I 79 I 82 I 86 I 83 I 75 

IIAhlinitv I 29. I 131.0 I 31 1 31.2 1 24.2 1 35 I 32.2 I II 
TDS 63 72 58 49 71 63 81 

Chloride 2.64 2.16 2.17 2.45 2.20 2.47 2.51 

S”lf% 1.23 1.10 1.06 a0491 1.06 co. 154 0.69 

Calcium Calcium 5.30 5.30 5.12 5.12 5.12 5.12 5.86 5.86 5.9, 5.9, 5.62 5.62 5.85 5.85 

M~g”~Si”“l M~g”~Si”“l 3.65 3.65 3.83 3.83 3.80 3.80 4.23 4.23 4,,, 4,,, 3.68 3.68 3.80 3.80 

Sodium Sodium 4.21 4.21 4.15 4.15 4.28 4.28 4.44 4.44 4.38 4.38 3.88 3.88 4.04 4.04 

Silicon Silicon 10.9 10.9 11.8 11.8 12.3 12.3 10.0 10.0 11.6 11.6 II II 11.8 11.8 
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Table A-l (Continued) 

Round I Round 2 
ParPmrrer 6 Se,, 90 2 NO” 90 

We,,: GWC-2 ,Formerl” CWJ, 

Bsseline Monitoring 

Raund 3 Round 4 Round 5 Raund 6 Round 7 Round 8 
8-9 Jan 9, II Mw9, 8May91 l-2 Jul9, 3-4 Sop 92 29-30 Dcr 92 

PH 5.64 5.6 5.04 5.5 4.97 5.65 5.5 4.6 

Conductwtty 76 69 64 66 33 7, 66 56 

Alkalinity 23.5 19.3 15.2 16.9 12.2 17.5 18.2 17.3 

TDS 7h 50 55 55 63 65 79 7, 

Chloride 4.3 5.2 6.9 6.2 5 5.3 3.0 3.4 

Sulfatc 6.4 5.5 6,3 5.9 5.8 6.3 6.5 7.6 

calcium 4.4 2.8 2.3 2 2 1.7 1.4 I.6 

Magnesium 1.6 1,s 1.6 1.7 1.8 1.9 1.9 2.1 

Sodium 7.3 7~4 6.9 7 7.5 7.6 7.5 7.4 

Silicon IO IO 9.3 12 I, I, II 13 

Raund 9 Raund 10 Round 1, Round 12 Raund I3 Round 14 Round 15 Round 16 
Parnmrter 30.31 Mllr 93 21 Jun 93 23.24 Scp 93 5 Jan 94 22-23 MPT 94 21.22 Jun 94 31 A”K 94 20.2, Dee 94 

Well: GWC-2 lFormtrlv CW-31 IContinued> 

PH 5.29 5.4 5.6 5.15 5.5 5.72 5.63 I 5.34 

Conductivity 67 I 56 I 49 I 53 I 57 I 59 I 60 66 

Alkdi"lty 12.5 ,4,, 15.9 15.7 14 16.2 7.0 6.9 

TDS 68 77 60 27 16 58 60 65 

Chloride 4.0 4.5 3.5 3.8 3.7 3.79 3.92 4.00 

hfate I 1.9 I 7.5 I 7.7 1 5,78 1 5.97 I 5.95 1 6.73 1 5.78 11 

Calcium 1.7 1.6 1.9 2.0 2.19 2.05 2.1, 1.89 

Magnesium 2.1 1.9 2.0 1.8 1.92 1.93 2.03 1.87 

Sodium 7.5 6.7 6.8 7.0 7.15 7.09 7.17 6.96 

Silicon 12.0 I ,I 13 12.9 13.3 I 13.0 I 12.9 I 12.2 

Round 17 Round 18 Round 19 Round 20 Round 21 Round 22 Round 23 

Wd: GWC-2 (Formerly W-3) (Continued) 

PH 5.53 5.39 5.41 5.45 5.79 5.48 5.50 

Conductiviw 1 65 I 65 I 67.5 I 67 I 66 I 59 I 62 I 
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Table A-l (Continued) 

Round I Round 2 
Pnrmlcler 6 scp 90 2 NW 90 

Well: CWCJ fFarmerlv CW-41 

Baseline Monitoring 

Round 3 Round 4 Round 5 
8-9 Jan 91 II Marl), 8 my 91 

Round 6 Round ‘I Round 8 
l-2 Jul91 3-4 scp 92 29.30 Dee 92 

IlLa I 5,4 I 5.15 I 4.8 I 4.73 t 6~19 I 5,OE I 5.25 I 3.8 II 
Conductivity 4” 35 3” 34 32 35 32 27 

Alkalinity 11.5 15.2 9.9 II 7 11.1 10.0 8.9 

TDS 50 35 31 34 39 4, 28 37 

Chloride 3 2.8 3.2 3.4 3.1 3.1 2.0 2.3 Wfate I 2.6 I 2.1 I a05 CO.05 09 I I.5 I 1.7 I 2.6 I 
Calcium I <,.a Cl.0 11.0 Kl.0 <I.0 <I.0 Cl.0 

M~@~Si”“l I <I.0 <I.0 Cl.0 <I.0 Cl.0 Cl.0 Cl.0 

Sodium 4.4 4.5 4.3 4.1 4.6 4.3 4.1 4.0 

Silicon 8 7.8 3.9 8.5 8.6 8.3 8.3 9.3 

Round 9 Round IO Round II Round I2 Round 13 Round I4 Round IS Round I6 
Parrmeter 30.31 Msr 93 21 Jun 93 23-24 Srp 93 5 Jan 94 22-23 Mar 94 21-22 Jun 94 31 A”,? 94 20.2, Lkr 94 

we,,: CWCJ (Formerly 0%4, 

PH 5.23 5.2 I 5.3 5.5 5.18 5.43 5.41 I 5.06 

CO”d”Cd”ity 33 I 27 27 I 22 I 28 I 29 I 30 36 

Alkalinity 7.0 8.5 9.1 9.3 7.5 8.5 77 4.8 

TDS 44 52 21 ~8.7 42 36 39 30 

Chloride 2.7 2.9 2.8 2.8 2.77 2.16 2.91 3.02 

S”lf& 1.6 a5 a5 ~0.06 I .38 1.52 a0471 1.01 

Calcium Cl.0 <I.0 Xl.0 Cl.0 0.392 0.32, 0.328 0.335 

Magnesium Cl.0 <I.0 ‘Z1.0 Cl.0 0.962 0.935 1.00 I .02 

Sodium 4.1 3.9 3.8 4.1 4.35 4.14 4.17 4.34 

Silicon 9.0 8.7 9.2 9.7 IO.1 9.16 9.15 8.94 

Round I7 Round IS Round I9 Round 20 Round 21 Round 22 Round 23 
Parametrr 28-29 Mar 95 13-14 Jun 95 II-12 Srp 95 12.13 Dee 95 ,8-19 Ma, 96 20.2, Jun 96 13-14 Scp 96 

wro: GWC-3 ,Farmerly cw-4) 

PH I 5.10 5.10 5.02 5.27 5.25 5.08 5.19 

Canductivitv I 36 I 37 I 45 I 39 I 42 I 41 I 38 I 
Alkalinity 8,6 8~5 9.0 9.1 7.4 9~2 9~7 

TDS 44 52 37 36 49 49 56 

Chloride 3.15 3.13 3.64 3.52 3.46 3.83 4.3, 

Sulfate a0471 0.968 0.595 0.233 <0.0491 0.192 1.49 

Calcium 0.441 0.314 0.389 0.436 0.361 0.433 0.505 

Magnesium 1.10 1.08 I.21 I .26 I.11 1.32 1.41 

Sodium 4.38 4.47 4.83 5.14 5.14 4.89 5.36 

Silicon 8.97 8.90 9.94 5.18 9.48 9.63 10.1 
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Table B-l. Results for Duplicate Samples-Third Quarter 1996 

Ra-226 

h-228 

Silver 

Aluminum 

Arsenic 

pCi/L 0.480 l 0.542 <O.lSO N/C 

pCi/L co.470 co.430 NIC 

mg/L 0.000880 = <0.000501 NC 

WL 0.0708* 0.072 1.7 

meiL <0.000887 <0.000887 NC 

mglL 1.98 2.03 1 2.5 1 

I mpJL I 0.0626 I 0.0639 I 2.1 I I I 

Beryllium mo- 0.00107~ 0.001 l5d 7.5 

Bismuth mg/L <0.00271 <0.00271 NC 

Calcium meiL 10.6* 11.06 3.8 

II Cadmium Cobalt I I mgfl. meiL - 1 1 <0.000156 0.00381 I I <0.000156 0.00411 1 1 NC 7.9 1 I I I I 

Copper 

Chromium 

1 mg/L W.UUl3b <0.00136 NC 

mg/L o.ooo44e 0.00078' 71.3 

me/L <0.000039 <0.000039 NC 

Nickel mg/L 1 0.00131’ I 0.00173 e 32.1 I Phosphorus mg/L 1 0.00854' 1 0.0070' 1 -18.0 1 I 
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-3-23-2. 

-I x 100% 

a Duplicates for radionuclides were GWC-3-23-l and GWC 

b% Difference = (GWC-4-23-2 - GWC-4-23-l)lGWC-4-23. 

‘RPD = Relative Percent Difference, detined as follows: 

RPD = (Laws Value - Smaller Value) x 100%. 
(Larger Value + Smaller Value)/2 

d Detected in the method blank. 

‘Value is less than five times the detection limit; results are expected to be less accurate as concentrations approach 
the detection limit. 

NC = Not computed. 
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1.0 Introduction 

This report summarizes the results of groundwater monitoring performed during the 

fourth calendar quarter of 1996 as part of the environmental monitoring program (EMP) for the 

U.S. Department of Energy’s Innovative Clean Coal Technology project entitled “Demonstration 

of Innovative Applications of Technology for the CT-121 FGD Process.” This demonstration 

project was conducted at Georgia Power Company’s Plant Yates Unit 1, located near Newnan, 

Georgia. With the completion of the fourth quarter 1996 groundwater monitoring, all EMP 

monitoring has now been completed. 

1.1 Project Summary 

The purpose of this ICCT project was to demonstrate the use of the Chiyoda 

Thoroughbred-l 2 1 flue gas desulfurization process as a means of reducing SO, and particulate 

emissions from pulverized-coal utility boilers that use medium-sulfur coal. This project was also 

designed to demonstrate the lower cost and higher reliability of the CT-121 process compared to 

conventional wet limestone FGD processes. 

The demonstration project at Plant Yates consisted of four distinct test periods: 

. Period 0: Site Preparation, Construction, and St@up of the Demonstration 
Project (including background groundwater monitoring [29 months]); 

. Period 1: Baseline Testing at Low Particulate Loading-ESP In Service (I2 
months); 

l Period 2: Testing at High Particulate Loading-ESP Detuned or Out of Service 
(12 months); and 

. Period 3: Post Demonstration Groundwater Testing and Gypsum Byproduct 
Evaluation. 

Period 2 ended in December 1994. Groundwater monitoring was initiated in Period 0 and 

continued through 24 months of Period 3; the last round of groundwater monitoring under the 

EMP was completed during the fourth quarter of 1996. 

1 



1.2 Purpose and Scope of Groundwater Monitoring 

The CT-121 process produces gypsum, which is being disposed of in an on-site stacking 

area where the solids are concentrated as they are allowed to settle, dewater, and dry. The 

gypsum and gypsum/fly ash stacking area is lined with a synthetic liner to minimize the potential 

for adverse impacts on the groundwater. Requirements for the liner, leachate collection system, 

and groundwater monitoring are specified in the permit issued by the Georgia Department of 

Natural Resources (DNR). One requirement is the regular monitoring of groundwater before, 

during, and for two years after the demonstration program. The purpose of this monitoring is to 

demonstrate that the gypsum stacking area can be operated in an environmentally benign and 

acceptable manner. 

In 1990, five groundwater monitoring wells were installed in the vicinity of the proposed 

gypsum stacking area. These wells were used to monitor baseline groundwater quality prior to 

construction of the stacking area. Monitoring was conducted every two months from September 

1990 through July 1991. Table I is a summary of the parameters that were monitored during this 

period. The results of this monitoring activity were summarized in the report “Environmental 

Monitoring Program Report of Preconstruction Monitoring: 1990-1991 Background Water 

Quality.” 

Following the preconstruction monitoring period, and as a DNR permit requirement, two 

additional monitoring wells were installed in 1992. The locations of all seven monitoring wells 

are shown in Figure 1. Because of a delay in the commencement of Phase 1 testing, an additional 

round of pre-operational groundwater monitoring was conducted on September 3-4 and October 

14, 1992. The results from this monitoring effort were presented in the report “Interim Data 

Report of Pre-operational Groundwater Monitoring: September 3-4 and October 14, 1992.” 

Operational-phase groundwater monitoring, performed on a quarterly basis, was initiated 

in the fourth quarter of 1992. Monitoring was conducted for the suite of parameters shown in 

Table 1. Samples were analyzed each quarter for all parameters shown except for radionuclides, 

which are monitored semiannually. 

Beginning in the second quarter of 1994, monitoring was also performed quarterly for 

total organic halides (TOX) and annually for volatile organic compounds (VOCs). These 



Table 1. EMP Groundwater Monitoring Parameters 

Other 

Radionuclides 
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parameters were added to comply with requirements of the permit issued by the Environmental 

Protection Division of the Georgia DNR. 

The post-demonstration groundwater monitoring period began in the first quarter of 1995 

and was conducted over a period of two years (Le., until the fourth quarter of 1996) for the same 

parameters and at the same frequency as during the operational phase. 

1.3 Report Contents 
This report presents the results of quarterly post-demonstration groundwater monitoring 

for the fourth calendar quarter of 1996. The groundwater monitoring wells were sampled on 

November 22-23, 1996. 

Section 2 is a brief summary of the groundwater sampling and analytical methods used to 

conduct the monitoring. The results of the monitoring are presented in Section 3. Results of 

quality assurance/quality control (QAIQC) activities associated with sample analyses are 

summarized in Section 4. Tables of historical trends for selected parameters and the results for 

field and laboratory duplicates are given in the appendices. Note that the results of metals 

analyses were not available at the time this report was prepared. 

2.0 Sampling and Analytical Methods 

This section describes the methods used to obtain and analyze groundwater samples. 

These methods were specified in Radian’s “Test Plan for Groundwater Monitoring Around the 

Plant Yates Gypsum Stacking Area,” August 30, 1990, as amended. 

2.1 Sampling Methods 

The QED Well Wizard dedicated sampling system was used to purge the monitoring 

wells and collect samples. The Well Wizard system utilizes a dedicated Teflon@ bladder pump 

and portable gasoline-powered air compressor to extract groundwater samples. 

To ensure the collection of a representative sample, standing water was removed from 

each well by purging a minimum of three wetted casing volumes. Conductivity, pH, redox 

potential, and temperature were monitored and recorded on field sampling forms during purging. 

Samples were collected after these indicator parameters stabilized and (1) after at least three 

5 



wetted casing volumes of water were removed or (2) immediately following recovery if a well 

was purged dry. 

Table 2 summarizes the groundwater samples collected during this monitoring period. 

Samples were obtained from the upgradient well (GWA-1) and five of the six downgradient 

wells (GWC-I, GWC-2, GWC3, GWC-4, and GWC-5). As has been the case during all 

previous rounds of monitoring, no samples were collected from side-gradient well GWC-6 since 

this well was dry. Duplicate samples were collected from well GWC-4. 

To preserve the integrity of the groundwater samples before analyses, proper sample 

container, preservation, holding time duration, shipment, and chain-of-custody procedures were 

followed. Sample bottles, preservation methods, and maximum holding times are summarized in 

Table 3. 

2.2 Analytical Procedures 

The analytical methods used in this program are listed in Table 4. There were no 

deviations from these methods during this quarter’s monitoring. 

3.0 Summary of Results 

The results of the fourth-quarter 1996 groundwater monitoring are presented in Table 5. 

Results are not included for metals since analytical data had not been received by the time this 

report was prepared. 

To help determine whether the material in the gypsum stacking area is having an impact 

on groundwater quality, the monitoring data for a selected number of representative species from 

all of the monitoring rounds conducted to date were tabulated and examined. The representative 

species selected are those present in appreciable concentrations in the gypsum slurry, including 

the major cations and anions (i.e., calcium, magnesium, chloride, and sulfate), as well as several 

other indicator parameters such as pH, TDS, conductivity, and alkalinity. The complete set of 

historical data for these species is provided in Appendix A. Examples of concentration-versus- 

time plots for several species are provided in Figures 2 through 4. Data are presented for the 

upgradient well, GWA-1, and two downgradient wells, GWC-2 and GWC-4. The locations of 

these wells were shown previously in Figure 1. As has been the case since monitoring began, 

samples could not be obtained from downgradient well GWC-6 because the well was dry. 

6 



Table 2. Summary of Groundwater Samples Collected 
at Plant Yates on November 22-23,1996 
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Table 4. Analytical Methods 

(As), 7421 (Pb), 7041 (Sb), 7740 
(Se), and 7841 (II) 

Radium 226 and 228 Proportional Counter 

Gross Alpha Proportional Counter 

Gross Beta Proportional Counter 

Gross Gamma Gamma Ray Spectrometer 

ASTM D2460 

ASTM D1943 

ASTM Dl890 

ASTM D2459 

Legend: 

AA = Atomic absorption spectrophotometry 
SIE = Specific ion electrode 

ICP-AES = Inductively coupled plasma-atomic emission spectrometry 
IR = Infrared detection 

GUMS = Gas chromatography/mass spectroscopy 

References: 

EPA “Methods for Chemical Analysis of Water and Wastes,” EPA-60014-79-020, revised March 1983. 
ASTM = American Society for Testing and Material, Annual Book ofASTMStandards. 
SW-846 “Test Methods for Evaluating Solid Waste,” SW-846,3rd Ed., November 1986. 

9 



- 

is 
v 

t2 
jc 

:% 
!V 

:Z 
: c 

:; 
y’p: 

: 0 
2c 
2 c 

a 
E 

8 
e 
G 
.Y , 
5 L 
L 

0. 
3 : 
gI 

10 





; 

3: 
1 

u) * N 0 @I ‘un!seufieyy 

I 

m (D * N 0 
v6w ‘eP!Jw!J 

12 



_---.-__ 

L 
n f 0 N - 0 ,,6uJ ‘w”!qe3 

/ 
E I- -I 

3; 
8 

-f 
I 

-i 
’ / 
I 

I 
I 
2 P 

B I 
* 10 * N 0 

1m 'ewns 

r 

- 

13 

1 



I ,,tu ‘un!sau6ey~ 

- 
-i 
‘S 
i: 

-1 
z 

a: 
-H 

,T 
I , 
:Lg 

~1 =a; 

-1 fy=y? 

z m OD . N 0 
116~ ‘a~e~w 

I fi 
E g % 8 s :: 0 

116~ ‘WWD 

14 



The concentration of chloride in the water from downgradient well GWC-4 was slightly 

higher than that found during the previous quarter’s monitoring. Because the results of metals 

analyses were not available at the time this report was prepared, no comparisons can be made for 

calcium and magnesium. A generally upward trend in the concentrations of these gypsum 

constituents was first noticed in the fourth quarter of 1993. There have been no significant 

increases in the levels of these species in either the upgradient well or the other downgradient 

wells, 

The source(s) of the higher levels of gypsum constituents in well GWC-4 is (are) not 

clearly apparent. However, there are several potential sources, and three of the more plausible are 

briefly described below: 

. A breach of the dike surrounding the gypsum pond occurred on July 24, 1993. 
This breach happened in the vicinity of well GWC-4. Since the increase in the 
levels of chloride, magnesium, and calcium in GWC-4 was first noticed in the 
fourth quarter of 1993, it seemed likely that the increase was the result of the dike 
breach. The validity of this assumption appeared to be reinforced in the first 
quarter of 1995, when the levels of the three species declined in GWC-4. Such a 
decline would be expected as the amount of spilled material remaining in the soil 
diminished due to gradual downward migration in the soil. However, no further 
decrease in the GWC-4 concentrations occurred over the following three quarters 
of 1995. In fact, further increases in the levels of magnesium and calcium have 
been noted in the first three quarters of 1996, although the increases appear to 
have stabilized in the latter two quarters. The chloride levels in GWC-4 have also 
stabilized in the last three quarters of 1996. Although this behavior could still be 
due to the 1993 breach (e.g., due to changes in rainfall patterns and/or acidity of 
the rain could cause higher migration rates and/or increased leaching of the soil), 
other factors could be contributing to or causing higher levels of gypsum 
constituents in the groundwater in the vicinity of GWC-4. 

. The groundwater sampling team has noticed that there appear to have been 
periodic leaks from a slurry pump and associated valves and fittings that are in 
close proximity (i.e., within 30-40 feet) to GWC-4. Slurry has periodically leaked 
onto the ground and flowed across the soil surface to form small pools within lo- 
1.5 feet of GWC-4. This material could be the source of at least some of the 
observed increases in chloride, magnesium, and calcium concentrations. 

. The possibility that the increased levels of the gypsum slurry constituents in 
GWC-4 could be caused by a leak in the liner under the gypsum stacking area 
cannot be discounted. There is no indication of leakage in the monitoring results 



from the other wells, but this does not preclude the presence of a liner leak at a 
location immediately upgradient from GWC-4. 

At this time, it is not possible to determine which, if any, of the possible causes described 

above is contributing the bulk of the chloride, etc., being seen in GWC-4. Some clarification may 

be forthcoming as more results of the continuing groundwater monitoring activities become 

available. 

4.0 Summary of QAlQC Activities 

A number of QA/QC activities are being performed, as specified in the project’s EMP, to 

assure that the data obtained meet project objectives. These include the following: 

. Groundwater samples were split for independent analysis by a laboratory selected 
by SCS. 

. Established sampling and analytical methods were specified and used. All 
samples were analyzed within the specified holding times, as outlined in Section 
2. There were no deviations from the specified methods during this quarter’s 
monitoring effort. 

. Chain-of-custody procedures established in the test plan for this project were 
observed. 

. In the laboratory, method blanks, control samples, and matrix spikes were 
analyzed in conjunction with the sample analyses, following recognized good 
laboratory practice. Specified recovery limits (typically 80 to 120%) were met for 
all analytes in the laboratory control samples and matrix spikes. 

. Duplicate samples were obtained in the field and analyzed for all parameters. 
Replicate analyses were performed for a smaller number of parameters. 

The results of the analysis of field and laboratory duplicates are summarized in Table 6 

for those parameters measured above the detection limit in at least one sample. Complete results 

are provided in Appendix B. Results are not shown for metals since the sample analyses were not 

available at the time this report was prepared. Differences in the duplicate analyses results were 

small (i.e., less than lo-20%) for all species except TOC. For TOC, the measured concentrations 

16 



were near the detection limit, where less accurate results can be expected. The results of the 

duplicate analyses performed for TDS were within specified quality limits. 

Table 6. Results for Duplicate Samples-Fourth Quarter 1996 

“% Difference = (GWC-4-24-2 - GWC-4-24-I)/GWC-4-24-1 x 100%. 

bRPD = Relative Percent Difference, defined as follows: 

RPD = (Lareer Value - Smaller Value) x 100%. 
(Larger Value + Smaller Value)/2 

’ Detected in the method blank 

*Value is less than five times the detection limit; results are expected to be less accurate as concentrations approach 
the detection limit. 

NC = Not computed 
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Table A-l. Historical Monitoring Data for Selected Parameters 

Baseline Monitoring 

Round t Round 2 Round 3 Round 4 Round 5 Round 6 Round 7 Round 8 
29-30 Dcr 92 

Well: GWA-I (Formerly CW-I) 

PH 5,86 6.2, 5.6 67 6.05 5.94 6.4 5.7 

Conductivity 1 98 I 114 I 112 I 121 I I”4 I 85 I 116 I 101 

Alkalinity 15.6 22.3 25.8 27.1 25 164 35.4 22.7 

TDS 94 87 86 84 90 77 99 110 

Chloride 7.3 7.4 5,9 4.6 3.8 a.2 1.9 2.1 

IISulfate I 4.5 1 8.5 1 8.5 I II I 17 I 3.7 1 17 1 26 11 

Calcium 6.2 7.6 7.7 I 7 7.5 5.3 7.9 8.1 Magnesium 1 3.4 I 4.9 I 4.8 I 4.6 I 5.1 I 3.5 I 5.6 I 6.0 I 

/Sodium 1 4.2 I 4.8 I 4,9 I 4.3 I 4.4 I 3.8 I 4.1 I 4.2 11 

Silicon 9.8 II 14 16 17 9.6 15 17 

Round 9 Round 10 Round 11 Round 12 Round 13 Round 14 Round IS Round 16 
PPnlInefCr ,051 Mar93 21 J”” 93 23-24 scp 93 5 Jan 94 22-23 Mar 94 21-22 Jun 94 31 Aua 94 20.21 me 94 

WC,,: GWA-I (Formerly ‘W-I) (Continurd) 

PH I 6.82 6.1 5.9 NS NS 
I 

NS 
I NS I NS 

Conductivity1 128 I 100 I 110 I NS I NS NS NS NS 

Alkalinity 28 21 24.8 NS NS NS NS NS 

TDS 110 116 99 NS NS NS NS NS 

Chloride 2.1 2.1 1.9 NS NS NS NS NS 

Sulfatc 30 20 28 NS NS NS NS NS 

Calcium 4.1 8.0 8.3 NS NS NS NS NS 

Magnesium 2.9 5.8 5.9 NS NS NS NS NS 

Sodium 4.0 4.4 4.3 NS NS NS NS NS 

Silicon II 18 17 NS NS NS NS NS 

Round 17 Round IS Round 19 Round 20 Round II Round 22 Round 23 Round 24 

Well: GWA-I (Formerly CW-I) (Continued) 

PH NS 6.31 6.38 6.08 NM 6.14 6.54 5.70 

Conductivity I NS I 116 1 165 I 118 1 NM I 116 I 58 I 93 

Alkalinity Alkalinity NS NS 28.6 28.6 23 23 NM NM NM NM NM NM 27.8 27.8 30.8 30.8 

TDS TDS NS NS 108 108 114 114 93 93 113 113 105 105 88 88 102 102 

Chloride Chloride NS NS 2.10 2.10 2.27 2.27 I.94 I.94 2.26 2.26 3.3 3.3 3.65 3.65 3.02 3.02 

sulfatc sulfatc NS NS 18.3 18.3 24.4 24.4 30.8 30.8 32.7 32.7 12 12 9.34 9.34 14.2 14.2 

kalcium 1 NS 1 6.98 1 8.47 1 9.21 1 10.4 I 8.03 1 7.46 1 NA 11 

MZlg”CSh NS 5.47 6.30 6.51 6.87 5.16 4.80 NA Sodium NS 4.29 4.53 1 3.50 1 4.65 I 4.34 I 4.16 I NA I 
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Table A-l (Continued) 

Bsselinr Monitoring 

Round 1 Round 2 Round 3 Raund 4 Round 5 Round 6 Round 7 Round 8 
PPrmletCr 6 Srp 90 2 Nov 90 8-9 Jan 9, II Mcw91 * May 91 1-2 .J”l91 3-4 sep 92 29.30 Lkr 92 

we,,: GWC-2(FormerlyCW-3) 

OH I 5,64 1 5.6 I 5.04 I 5.5 I 4.97 1 5.65 I 5.5 I 4.6 

Conductivity 76 69 64 66 33 71 66 56 

Alkalinity 23.5 19.3 15.2 16.9 12.2 17.5 18.2 17.3 

TDS 76 50 55 53 63 65 79 71 

Chlaride 4.3 5.2 6.9 6.2 5 5.3 3.0 3.4 

Sulfate 6.4 5.5 6.3 5.9 5.8 6.3 6.5 7.6 

Calcium 4.4 2.8 2.3 2 2 1.7 1.4 1.6 

Conductivity 67 56 49 53 57 59 60 66 

Alkalinity 12.5 14.1 15.9 15.7 14 16.2 7.0 6.9 

TDS 68 77 60 27 76 58 60 65 

llchloride l 4.0 I 4.5 I 3.3 1 3.8 1 3.1 I 3.79 1 3.92 I 4.00 II 
sulfate 7.9 7.5 7.7 5.78 5.97 5.95 6.73 5.78 

Calcium 1.7 1.6 1.9 2.0 2.19 2.05 2.11 1.89 

MW”L%i”lIl 2.1 1.9 2.0 1.8 1.92 1.93 2.03 1.87 

Sodium 

Silicon 

7.5 6.7 6.8 7.0 7.15 7.09 7.17 6.96 

12.0 II 13 12.9 13.3 13.0 12.9 12.2 

Round 17 Round I8 Raund 19 Round 20 Round 21 R”““d 22 Round 23 Round 24 

Well: GWC-2 (Formerly CW-3) (Continued) 

PH I 5.53 I 5.39 I 5.41 I 5.45 I 5.79 I 5.48 I 5.50 I 5.47 

konductiviwl 65 I 65 I 67.5 1 67 1 66 1 59 1 62 1 58 11 

Alkalinity 13.3 14.5 13.5 13.0 NM I5 17,4 16.4 

TDS 63 64 54 53 69 75 82 68 

Chloride 3.81 3.97 3.83 3.91 3.79 3.93 4.04 4.35 

Ilsulfate I 4.98 I 4.33 I 3.90 I 3.68 I 4,ll 1 4.52 1 3.66 I 4.04 II 

kalciurn I 223 I 2OR I 2 I6 I 241 I 237 1 2.46 I 2~70 I NA II 

Magnesium 1~88 1.92 1.88 1.96 1.92 1.98 1.96 NA 

Sodium 6.79 6.85 6.94 7.11 7.04 6.6 7.16 NA 

Silieon 12.2 13.4 13.5 12.9 13.7 13.4 13.8 NA 
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Table A-l (Continued) 

Parameter 
Round I Round 2 
6 Scp 90 2 NOV 90 

Basclinr Monitoring 

Round 3 Round 4 Round 5 
8-9 ,,a, 91 II war'), 8May91 

Round 6 
1-2 Jul 91 

Round 7 Ro""d 8 
3-4 scp 92 29-30 Dee 92 

GWC-3 (Formerly cw-4, 

PH 3.10 3.10 5.02 5.27 5.25 5.08 5.19 3.06 

Canductivity 36 37 45 39 42 41 38 33 

Alkalinib 8.6 8.5 9.0 9.1 7.4 9.2 9.7 11.0 
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Table A-l (Continued) 
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QAIQC Results 

B-l 



Table B-l. Results for Duplicate Samples-Fourth Quarter 1996 
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Table B-l (Continued) 

“% Difference = (GWC-4-24-2 - GWC-4-24I)/GWC-4-24-I x lOO%, 

bRPD = Relative Percent Difference, defined as follows: 

RPD = m x 100%. 
(Larger Value + Smaller Value)/2 

’ Detected in the method blank. 

d Value is less than five times the detection limit; results are expected to be less accurate as concentrations approach 
the detection limit. 

NC = Not computed 
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