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K1.0 Introduction 

K1.1 Scope 
 
This plan describes the disposal cell groundwater monitoring program for the U.S. Department 
of Energy’s (DOE) Weldon Spring Site, which is being conducted according to the substantive 
requirements of 40 CFR 264, Subpart F, and 10 CSR 25-7.264(2)(F). This plan includes a 
description of the sampling locations, frequency, parameters, and associated analysis and 
sampling procedures. A discussion about the data evaluation and the development of the 
evaluation approach are also included. 
 
K1.2 Purpose 
 
The purpose of this plan is to summarize the disposal cell groundwater monitoring program. The 
following specific elements are addressed: the design of the monitoring network; the results of 
baseline monitoring; the long-term monitoring program, which includes detection monitoring, 
compliance monitoring, and corrective action; and data review and reporting. 
 
K1.3 Applicable or Relevant and Appropriate Requirements 
 
In the Record of Decision for the Chemical Plant Area of the Weldon Spring Site (DOE 1993), 
the substantive requirements of 40 CFR 264, Subpart F of the Resource Conservation and 
Recovery Act (RCRA), and 10 CSR 25-7.264(2)(F) of the Missouri Hazardous Waste 
Regulations, were identified as applicable or relevant and appropriate requirements (ARARs) for 
the selected remedy (i.e., construction and operation of an engineered disposal cell). Table K−1 
provides a summary of these ARARs and indicates the sections of this plan that discuss the 
strategy for meeting each requirement. In addition to these ARARs, relevant portions of 
10 CSR 80-3.010(8) were also used as guidance in developing this monitoring plan. 
 
K1.4 Background 
 
Previously, this plan was documented in the Weldon Spring Site Disposal Cell Groundwater 
Monitoring Plan, Revision 2 (DOE 2004). That revision will be superceded by this appendix to 
the LTS&M Plan. Any future revisions to the monitoring program for the disposal cell will be 
documented in this appendix. 
 
Groundwater at the chemical plant is contaminated with trichloroethylene (TCE), nitrate, 
uranium, and nitroaromatic compounds. The groundwater contamination originated with the 
Raffinate Pits and other source areas of the chemical plant site and former ordnance works area, 
that have been removed. Contamination is primarily limited to the weathered portion of the 
uppermost bedrock unit, the Burlington-Keokuk Limestone. Nitroaromatic compounds are 
present east and north of the disposal cell and is elevated in several of the disposal cell 
monitoring wells. Nitrate is present north and west of the disposal cell and is elevated in several 
of the disposal cell monitoring wells. Uranium is present southwest of the disposal cell; however, 
elevated levels are not observed in any of the disposal cell monitoring wells. TCE is also present 
southwest of the disposal cell, but elevated levels are not observed in any of the disposal cell 
monitoring wells. 



 

 

 
Table K–1. ARARs Summary for Disposal Cell Groundwater Monitoring 

 
Summary of Regulation Pertinent Section of Monitoring Plan 

40 CFR 264.90 Applicability Specifies the applicability requirements and exemptions for owners or 
operators of facilities that treat, store, or dispose of hazardous waste. 

Section K1.3, Applicable or Relevant and 
Appropriate Requirements 

40 CFR 264.91 Required Programs Specifies the criteria for determining which monitoring and response 
program (i.e., detection monitoring, compliance monitoring, or corrective action) should be instituted at a 
regulated facility. 

Section K4.0, Detection Monitoring Program 
Section K5.0, Compliance Monitoring and 
Corrective Action Programs 

40 CFR 264.92 Groundwater Protection Standard Requires compliance with certain conditions when 
hazardous constituents are detected in groundwater underlying a regulated unit. 

Section K5.0, Compliance Monitoring and 
Corrective Action Programs 

40 CFR 264.93 Hazardous Constituents Specifies the criteria for defining “hazardous constituents” to which 
the groundwater protection standard applies. 

Section K5.0, Compliance Monitoring and 
Corrective Action Programs 

40 CFR 264.94 Concentration Limits Specifies the criteria for establishing concentration limits for 
hazardous constituents detected in the groundwater underlying a regulated unit. 

Section K3.4.2, Revised Baseline Tolerance Limits 
 

40 CFR 264.95 Point Of Compliance Defines the point of compliance at which the groundwater protection 
standard applies and monitoring must be conducted. 

Section K2.2, Groundwater Monitoring Wells 
 

40 CFR 264.96 Compliance Period Defines the compliance period during which the groundwater protection 
standard applies. 

Section K5.0, Compliance Monitoring and 
Corrective Action Programs 

40 CFR 264.97 General Groundwater Monitoring Requirements Specifies general requirements for the 
groundwater monitoring program, such as well installation, sampling and analysis procedures, determination 
of groundwater surface elevation, and statistical methods to be used. 

Section K2.0, Monitoring Network Design 
Section K3.4.2, Revised Baseline Tolerance Limits 
Section K4.4, Groundwater Elevation 
Measurements 
Section K6.0, Quality Control 

40 CFR 264.98 Detection Monitoring Program Specifies requirements for detection monitoring programs, 
including monitoring parameters, sampling frequency, determination of groundwater flow, determination of 
statistically significant evidence of contamination, and required response to positive evidence of 
contamination. 

Section K4.0, Detection Monitoring Program 

40 CFR 264.99 Compliance Monitoring Program Specifies requirements for compliance monitoring 
programs, including monitoring parameters, sampling frequency, determination of groundwater flow, 
determination of statistically significant evidence of contamination, and required response to exceedance of 
the groundwater protection standard. 

Section K5.0, Compliance Monitoring and 
Corrective Action Programs 

40 CFR 264.100 Corrective Action Specifies requirements for corrective actions to be instituted to ensure 
compliance with the groundwater protection standard. 

Section K5.0, Compliance Monitoring and 
Corrective Action Programs 

10 CSR 25-7.264(2)(F) Releases From Solid Waste Management Units Specifies that efforts made to 
monitor groundwater or implement corrective action be documented, and that daily precipitation be 
measured. Also requires a surface water monitoring program to represent the quality of surface water 
hydrologically downgradient of the facility. 

Section K2.3, Surface Water Monitoring Location 
Section K4.5, Precipitation Data 
Section K4.8, Detection Monitoring Reporting 
Section K5.0, Compliance Monitoring and 
Corrective Action Programs 
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K2.0 Monitoring Network Design 

Groundwater monitoring requirements under 40 CFR 264, Subpart F, of RCRA specify that the 
monitoring system for a regulated unit must “consist of a sufficient number of wells, installed at 
appropriate locations and depths, to yield groundwater samples from the uppermost aquifer that: 
(1) represent the quality of background water that has not been affected by leakage from the 
regulated unit…; (2) represent the quality of groundwater passing the point of compliance; and 
(3) allow for the detection of contamination when hazardous waste or hazardous constituents 
have migrated from the waste management area to the uppermost aquifer.” The disposal cell 
monitoring network at the Weldon Spring Site has been designed to meet these requirements, as 
described below. 
 
K2.1 Basis of Design 
 
The following criteria constitute the basis for design of the disposal cell groundwater monitoring 
network at the Weldon Spring Site: 

• Regulatory requirements, 

• Potentiometric surface of the shallow groundwater beneath the disposal cell,  

• Design aspects of the disposal cell, and 

• Physical site conditions. 
 
The Subpart F regulations of RCRA specify that groundwater monitoring must be conducted at 
the point of compliance, which consists of a vertical surface that is located hydraulically 
downgradient of the waste management area and extends down into the uppermost aquifer. The 
RCRA regulations provide flexibility regarding the number, spacing, and depths of monitoring 
wells; however, the Missouri Sanitary Landfill regulations in 10 CSR 80-3.010, specify a 
minimum of one upgradient and three downgradient wells for landfills. The disposal cell network 
was designed to incorporate one upgradient and four downgradient wells, allowing for the 
possibility that wells could be added or removed as necessary. Since the original network was 
installed, two wells have been added and two have been eliminated. Thus, the current network 
still consists of one upgradient well and four downgradient wells. The location of these wells is 
discussed in Section K2.2. 
 
To supplement groundwater monitoring, Missouri Hazardous Waste regulations in 
10 CSR 25-7.264(2)(F) require that a surface water component be included in monitoring 
releases from waste management units. The surface water monitoring system must “consist of a 
sufficient number of points at appropriate locations to yield surface water samples that: 
(a) represent the quality of background surface water that has not been affected by any 
contamination from the facility…; and (b) represent the quality of surface water hydrologically 
downgradient of the facility or regulated units.” The surface water monitoring location 
incorporated in this plan is discussed in Section K2.3. 
 
The potentiometric surface of the shallow groundwater indicates that the flow gradient beneath 
the disposal cell is generally to the north and northwest, as shown in Figure K−1. The general 
direction of groundwater flow has remained relatively unchanged since the cell monitoring 
system was designed, throughout remediation of the site and construction of the disposal cell.  



 

 
Weldon Spring Site LTS&M Plan U.S. Department of Energy 
Doc. No. S00790-1.0 December 2008 
Page K–4  

 

 
 

Figure K–1. 2002 Potentiometric Surface (Post Closure) 
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However, since construction of the disposal cell and previous remedial activities, the 
groundwater elevation has decreased due to dewatering of ponds/basins and diversion of surface 
water flow and reduced infiltration (recharge) to the shallow aquifer. 
 
Design aspects of the disposal cell that were considered in determining the original locations of 
the monitoring wells included the locations of the clean fill dikes and leachate collection sump, 
the 1% to 1.5% northward slope along the base of the cell, and the double liner/leachate 
collection system. Since the monitoring network was installed while physical site conditions 
were undergoing frequent change due to remediation and construction activities, existing and 
planned locations of excavations, roads, structures, surface water bodies, staging areas, and the 
footprint of the disposal cell were also considered to ensure availability and access to the planned 
monitoring locations. 
 
K2.2 Groundwater Monitoring Wells 
 
The original disposal cell monitoring network was established in 1996. It included five wells: 
one upgradient well (MW-2048) and four downgradient wells (MW-2032, MW-2045, 
MW-2046, and MW-2047). The well locations, which are shown in Figure K−2, were chosen 
based on the criteria discussed above. Well MW-2048 was installed south of the cell to monitor 
water quality upgradient of the disposal cell. Wells MW-2045, MW-2046, and MW-2047 were 
installed northeast, north, and northwest of the cell, respectively, to monitor potential 
groundwater impacts downgradient of the disposal cell. Well MW-2032 was an existing well that 
was retained to monitor potential groundwater impacts downgradient (i.e., north) of the leachate 
sump. Figure K−3 provides a cross-sectional view of the monitoring system, in relation to the 
disposal cell and leachate sump. 
 
While the original monitoring network consisted of five wells, it was the intent of the plan to 
provide flexibility for reacting to the dynamics of the system being monitored. The 
heterogeneous nature of the fractured bedrock aquifer and the complexities associated with 
monitoring a previously contaminated groundwater system created uncertainty in the actual 
performance of the proposed monitoring wells. Additional wells were to be incorporated into the 
network on an as-needed basis during both the active life and the post-closure period to replace 
or supplement data from poorly performing wells. Thus, since MW-2045 demonstrated 
consistently poor hydraulic performance and yielded widely variable analytical data, a fifth 
downgradient well (MW-2051) was installed in 2001 northeast of the disposal cell, as shown in 
Figure K–2. Under the present revision of this plan, MW-2051 replaces MW-2045 as the 
monitoring location for the northeast side of the disposal cell. Monitoring well MW-2051 
exhibits higher hydraulic conductivities and will better represent the shallow groundwater system 
than MW-2045. 
 
The original upgradient well, MW-2048 was damaged during construction activities in 2001. 
This well was determined to be damaged beyond repair, which led to its abandonment and 
installation of a replacement well shortly thereafter. The new well, MW-2055, is located 
approximately 20 feet upgradient (i.e., south) of MW-2048 and has replaced it as the upgradient 
monitoring well (see Figure K–2). Data review conducted for both monitoring wells indicated 
comparable upgradient water quality. No polychlorinated biphenyls (PCBs), polyaromatic 
hydrocarbons (PAHs) or nitroaromatic compounds were detected at either location. 
Concentration ranges of anions, metals, radiological and indicator parameters were similar,  
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Figure K–2. Disposal Cell Monitoring Well Network 
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with the exception of three metals (iron, manganese, and nickel) and one indicator parameter 
(total organic carbon). However, the concentrations are within typical ranges for the groundwater 
in the weathered Burlington-Keokuk Limestone.  
 
All wells in the disposal cell monitoring network were installed and developed in accordance 
with 10 CSR 23, Missouri Water Well Construction Code. Each well is constructed of 2-inch ID 
Grade 316 stainless steel casing, with a 10-foot length of 0.010-inch slotted screen. Total depths 
of the wells range from approximately 45 to 75 feet below ground surface, depending on the 
respective depth to water at each location. Borehole logs, well diagrams, packer test calculations, 
and well development forms for the original wells are contained in the WSSRAP Disposal Cell 
Monitoring Well Program Installation Report (MK-Environmental Services 1997). 
Attachment A of this plan contains the well diagrams for all disposal cell wells. 
 
K2.3 Surface Water Monitoring Location 
 
The surface water location used to detect downgradient impacts from the disposal cell is 
Burgermeister Spring (SP-6301) (see Figure K−4). Historical dye tests have indicated that this 
spring is the primary localized point of emergence for groundwater from the vicinity of the 
chemical plant (ANL 1997). Thus, sampling of Burgermeister Spring will yield results that are 
representative of both surface water and groundwater hydraulically downgradient of the disposal 
cell. Burgermeister Spring represents the first surface water impacted by groundwater originating 
from the site, including the disposal cell area. Downstream Lake 34 was not chosen as a 
monitoring point as Burgermeister Spring represents the worst case conditions for surface water 
and Lake 34 does not receive surface water contribution from the chemical plant area. It is 
common practice in aquifer systems dominated by fracture or conduit flow to supplement the 
monitoring well system by sampling springs that are hydraulically connected to the uppermost 
aquifer and that have shown a connection to the facility (EPA 1992). This spring was monitored 
routinely since 1987 under the Environmental Monitoring Plan (MK-F and JEG 2001a), and is a 
long-term monitoring location for the Groundwater Operable Unit. The spring in now monitored 
under this plan and the Long-Term Surveillance and Maintenance Plan. There is no upgradient 
surface water body included in this monitoring plan. The disposal cell is situated near both the 
regional surface water and groundwater divides; therefore, no surface water bodies are located 
upgradient of the disposal cell. 
 
Ecological evaluations (including toxicity testing) for Burgermeister Spring have been conducted 
previously under site environmental monitoring and remedial investigation programs, and these 
results may be used for a determination of baseline ecological conditions for this plan. Results of 
ecological studies conducted for Burgermeister Spring as part of the Remedial Investigation for 
the Groundwater Operable Unit (ANL 1997) indicate that current conditions within the surface 
water and sediments in Burgermeister Spring, while exhibiting above background concentrations 
of both nitrate and uranium, have not measurably affected the biological community that uses the 
drainage. Therefore, while sampling for both radiological and chemical constituents will be 
conducted at Burgermeister Spring as specified in this plan, routine monitoring of biological 
activity will not be incorporated. 
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Figure K–4. Location of Burgermeister Spring (SP-6301) 
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K3.0 Baseline Monitoring 

In accordance with 40 CFR 264.97, baseline monitoring was conducted to obtain data that 
represents the quality of groundwater that has not been affected by leakage from the disposal 
cell. The intent was to establish a baseline data set that could be used in statistical comparisons 
with detection monitoring data, in accordance with regulatory requirements, to detect and 
characterize hazardous constituents in the uppermost aquifer that may be due to leakage from the 
disposal cell. 
 
Review of the initial approach to baseline monitoring and the groundwater system beneath the 
chemical plant has indicated that in some cases an established baseline may not be appropriate 
for monitoring of the disposal cell at the Weldon Spring site. The shallow aquifer beneath the 
chemical plant has been impacted by previous operation of the former ordnance works and the 
uranium feeds material plant. This limits the reliability of results obtained using the statistical 
methods specified in the Subpart F regulations to evaluate long term monitoring data, which is 
discussed further in Section K4.7 and Attachment B. It is expected that groundwater conditions 
for the contaminants of concern for the Groundwater Operable Unit (nitrate, uranium, 
trichloroethylene, and nitroaromatic compounds) will improve over time due to source removal 
activities. Baseline values established for these contaminants using prior data may be biased high 
due to existing groundwater contamination or contamination resulting from contaminated soil 
remediation. Later comparisons to this baseline may mask trends in the groundwater. 
 
K3.1 Initial Baseline Monitoring  
 
Baseline monitoring of locations MW-2032, MW-2045 through MW-2048, and SP-6301 was 
conducted throughout 1997 and early 1998, prior to waste placement activities. Four replicate 
samples were obtained from each location on a quarterly basis for approximately 1 year (i.e., five 
separate sampling events resulting in 20 individual samples per well). The initial baseline data 
indicated a large degree of temporal and spatial variability in water quality at the monitoring 
locations, as evidenced by the wide range of mean concentrations among monitoring locations 
and the high standard deviations calculated for many of the parameters. This variability is due to 
several contributing factors, such as the heterogeneity of the naturally occurring geochemistry, 
the variations in historical contaminant distribution throughout the site, and the unpredictable 
flow patterns in the fractured bedrock environment. Thus, the baseline conditions represented by 
the data were actually an indication of the groundwater quality at a particular location over a 
particular time period, and not a definitive characterization of background as intended by the 
Subpart F regulations. 
 
Baseline monitoring of wells MW-2051 and MW-2055 began in 2001 and 2002, respectively. 
Samples from these wells are considered to be representative of water quality not impacted by 
the disposal cell since previous groundwater and leachate monitoring have indicated no reason to 
suspect leakage from the cell. Elements of the baseline sampling at these two wells have been 
similar to those listed above for the original six locations, except that the sampling events have 
consisted of a single sample (i.e., no replicates other than for quality control [QC] purposes). 
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K3.2 Previous Leachate Monitoring Evaluation 
 
Regulations contained in 40 CFR 264.301 require leachate to be monitored during the active 
operation and post-closure period of a hazardous waste landfill. Although not specifically 
addressed by groundwater monitoring regulations, leachate monitoring is discussed in this plan 
because of the need to correlate the two programs to effectively monitor the potential migration 
of contaminants from the disposal cell. 
 
Leachate production and analytical data have been collected routinely since waste placement 
activities began, in accordance with the Disposal Cell Leachate Monitoring Plan (Bennett 1998), 
the Weldon Spring Site Disposal Cell Groundwater Monitoring Plan (DOE 2004) and now this 
appendix to the LTS&M Plan. Samples were collected at least quarterly and analyzed for the 
entire list of parameters shown in Table K−2. A summary of the average and maximum 
concentrations of analytical constituents detected in the leachate since the sump was completed 
(2000) is also presented in Table K−2. Current data are reported in the Annual Site 
Environmental Reports. 
 

Table K–2. Leachate Monitoring Data (10/18/00 to 5/8/02) 
 

Concentration in Leachate (10-18-2000 to 5-8-2002) Parameter Units 
Average Maximum 

Chloridea (mg/L) 30.40 38.80 
Fluoridea (mg/L) 0.24 0.29 
Nitrate-Na (mg/L) 0.56 3.10 
Sulfatea (mg/L) 94.63 163.00 

Aluminum (μg/L) 33.12 70.50 
Antimony (μg/L) ND ND 
Arsenica (μg/L) 3.73 9.36 
Bariuma (μg/L) 606.88 832.00 

Beryllium (μg/L) 0.41 0.92 
Cadmium (μg/L) ND ND 
Calcium (mg/L) 176.25 198.00 

Chromiuma (μg/L) ND ND 
Cobalta (μg/L) 17.23 25.90 
Copper (μg/L) 3.48 9.90 

Irona (μg/L) 12,083.00 22,100.00 
Leada (μg/L) ND ND 

Lithium (μg/L) 7.99 13.20 
Magnesium (mg/L) 52.41 55.70 
Manganesea (μg/L) 5,396.00 9,970.00 

Mercury (μg/L) ND ND 
Molybdenum (μg/L) 5.82 7.75 

Nickela (μg/L) 9.71 14.70 
Potassium (mg/L) 5.40 6.29 
Seleniuma (μg/L) 1.24 3.95 

Silver (μg/L) ND ND 
Sodium (mg/L) 69.49 77.10 

Thalliuma (μg/L) 3.45 10.60 
Vanadium (μg/L) 0.99 2.00 

Zinc (μg/L) 22.76 40.90 
C.O.D. a (mg/L) 28.60 35.00 



Table K–2 (continued). Leachate Monitoring Data (10/18/00 to 5/8/02) 
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Concentration in Leachate (10-18-2000 to 5-8-2002) Parameter Units 
Average Maximum 

Cyanide (μg/L) 2.91 6.10 
T.D.S. a (mg/L) 867.20 970.00 
T.O.C. a (mg/L) 9.42 10.50 

1,3,5-TNBa (μg/L) ND ND 
1,3-DNBa (μg/L) ND ND 

2,4,6-TNTa (μg/L) ND ND 
2,4-DNTa (μg/L) ND ND 
2,6-DNTa (μg/L) ND ND 

Nitrobenzenea (μg/L) ND ND 
Gross alpha (pCi/L) 66.44 180.00 
Gross beta (pCi/L) 28.56 59.60 

Ra-226a (pCi/L) 0.32 0.68 
Ra-228a (pCi/L) 0.60 1.37 
Th-228a (pCi/L) 0.10 0.34 
Th-230a (pCi/L) 0.23 0.36 
Th-232a (pCi/L) 0.09 0.25 

Total Uraniuma (pCi/L) 75.54 278.00 
Pesticides (μg/L) NDb 0.26 

PCBsa (μg/L) ND ND 
PAHsa (μg/L) ND ND 
VOCs (μg/L) NDb  5.20 

Notes: ND = non-detect 
aThese parameters are retained for leachate analysis as of the date of this plan. 
bAll data were reported as non-detect, except for 3 or 4 isolated detections of individual compounds. 
 
 
K3.3 Evaluation of Baseline Data 
 
The original disposal cell monitoring plan specified that groundwater and surface water samples 
obtained under the plan be analyzed for all constituents presented in Table K−3. This 
comprehensive list included general water quality indicator parameters (e.g., pH, temperature, 
total organic carbon), chemical and radiological contaminants, and naturally occurring 
constituents. The list included many parameters in addition to those that would be considered 
“hazardous constituents” under 40 CFR 264.93, and provided the basis for a thorough 
assessment of groundwater quality in the vicinity of the cell. 
 
It was anticipated that the original list of analytical parameters would be evaluated periodically 
and modified as necessary to eliminate constituents that could provide no conclusive information 
regarding the presence of hazardous constituents due to a potential breach in the cell liner 
system. The first such modification was instituted in December 1999, after the initial baseline 
data had been evaluated and the detection monitoring program had begun (Steffen 1999a). 
Several parameters were eliminated from the list due to the lack of measurable detections in 
either the groundwater or the leachate, or because they were naturally occurring parameters that 
were not site contaminants of concern (see footnote “a” on Table K−2). 
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Table K–3. Baseline Monitoring Constituents for Groundwater and Surface Water 
 

Contaminants General 
Indicator 

Parameters Metals Nitroaromatic 
Compounds Radiological Inorganic 

Ions Other 

 
pHb 
Temperatureb 
Specific 
Conductanceb 
CODb 
Cyanidec 
TDSb 
TOCb 
TOXc 

 
Aluminumc 
Antimonyc 
Arsenicb 
Bariumb 
Berylliuma 
Cadmiuma 

Calciuma 
Chromiumb 

Cobaltb 
Copperc 
Irona b 
Leadb 

Lithiumc 
Magnesiumc 
Manganesea b 
Mercurya 

Molybdenumc 
Nickelb 
Potassiuma 
Seleniumb 

Silverc 

Sodiuma 
Thalliuma b 
Vanadiumc 
Zincc 

 
1,3,5-TNBb 
1,3-DNBb 
2,4,6-TNTb 
2,4-DNTb 
2,6-DNTb 
Nitrobenzenea b 

 
Radium-226b 
Radium-228b 
Thorium, 
Isotopicb 
Uranium, Totalb 

 
Chlorideb 
Fluorideb 
Nitrate-Nb 
Sulfateb 

 
PCBsa b 
PAHsa b 
VOCsa 

Pesticidesc 

COD Chemical Oxygen Demand   PCBs Polychlorinated Biphenyls: Aroclor 1248, 1254, 1260 
TDS Total Dissolved Solids   PAHs Polyaromatic Hydrocarbons: benz(a)anthracene,  
TOC Total Organic Carbon    benzo(b)fluorancene, benzo(k)fluorancene,   
       benzo(a)pyrene, 
VOCs Volatile Organic Compounds   chrysene, indeno(1,2,3-cd)pyrene 
TOX Total Organic Halogen 
aThese parameters were deleted from the list in December 1999 because either they had not been detected 
previously in any measurable quantities or they were naturally occurring parameters that were not contaminants of 
concern (Steffen 1999a). 
bThese parameters are retained or reinstated for groundwater and surface water analysis in the second revision 
(DOE 2004). 
cThese parameters are eliminated in the second revision. 
 
 
K3.3.1 Identification of Long-Term Monitoring Parameters 
 
 The second revision to this plan further modified the list of groundwater monitoring parameters 
based on a review of the Chemical Plant and Quarry Bulk Waste Operable Units contaminants of 
concern, materials known to be present in the disposal cell waste, and leachate analytical data. 
The following contaminants of concern were identified in wastes from the chemical plant and/or 
the quarry bulk waste: arsenic, chromium, lead, nickel, selenium, thallium, nitroaromatic 
compounds (specifically 2,4,6-DNT), radium, thorium, uranium, PCBs, and PAHs (DOE 1993 
and DOE 1990). In addition, barium, manganese, and selenium were determined to be present in 
the water treatment processing wastes during the remediation of contaminated surface water. As 
more leachate analytical data became available, the following constituents were identified as 
being present at relatively higher concentrations in the leachate than in the underlying 
groundwater: arsenic, barium, cobalt, iron, manganese, uranium, and chemical oxygen demand 
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(COD). These parameters were important to the cell monitoring network because a breach of the 
cell liner system could result in detectable increases in the levels of these constituents in the 
groundwater.  
 
K3.3.2 Identification of Signature Parameters 
 
Detection monitoring data obtained from the cell well network from 1998 through 2001 were 
evaluated in the second revision of this plan using several of the suggested statistical methods in 
an attempt to identify statistically significant evidence of contamination due to the disposal cell. 
Results of these evaluations, which are summarized in Attachment B, demonstrate the 
uncertainties associated with applying the prescribed methods to data from an aquifer with 
preexisting contamination and where a high degree of spatial variation in contaminant 
distribution exists among the monitoring wells. Each type of evaluation resulted in numerous 
“false positive” statistical failures that, rather than providing reliable and conclusive evidence of 
cell leakage, were attributable to fluctuations in preexisting groundwater contamination. 
 
The list of monitoring parameters in Table K−3 includes indicator parameters and waste 
constituents that for an uncontaminated aquifer would provide a reliable indication of the 
presence of hazardous constituents in groundwater due to leakage from the disposal cell. 
However, most of these parameters are already present in the groundwater at higher levels than 
in the leachate, either naturally or due to historical contamination, or are not present in either the 
groundwater or the leachate at concentrations above the detection limit. Thus, most of the 
parameters on this list are not able to provide conclusive evidence of cell leakage since impacts 
from the leachate would not cause detectable changes in the underlying groundwater. 
 
The most reliable means of detecting potential impacts due to leakage of the disposal cell is to 
focus on parameters that exist at significantly higher concentrations in the leachate than in the 
groundwater. An increasing trend in these parameters in the groundwater would be detectable 
and, most likely, attributable to cell leachate since all other sources have been remediated. 
 
To this end barium, uranium, iron, and manganese were identified as “signature parameters” for 
the disposal cell detection monitoring program in the second revision to this plan (DOE 2004). 
All four of these parameters have been detected at concentrations at least an order of magnitude 
higher in the leachate (Table K−2) than in the underlying groundwater or Burgermeister Spring 
(with the exception of uranium), which enhances the reliability of any conclusions that are drawn 
based on fluctuations in groundwater constituents. Increasing trends of these four parameters in 
the groundwater would be considered a signature of cell leachate that has migrated to the 
underlying aquifer and additional actions will be taken as described in Section K4.7. Also, these 
four parameters are naturally occurring and with the exception of uranium should not change via 
attenuation overtime. Uranium, a contaminant of concern for the Groundwater Operable Unit, is 
expected to attenuate with time where uranium impact occurs. However, the activity measured in 
the disposal cell monitoring wells is similar to background and likely will not change 
substantially over time. It was anticipated that the list of signature parameters may be modified, 
as necessary, based on future changes in leachate and/or groundwater concentrations. 
 
It should be noted that the uranium concentrations in Burgermeister Spring can be similar or 
higher than those exhibited in the leachate. This location is impacted by not only contaminated 
groundwater originating from the Raffinate Pit area, but also residual contamination that is 
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present in the losing stream segment that extends from the Ash Pond area of the site to 
Burgermeister Spring. Increasing trends in uranium should not be used as the only indicator of 
possible leakage from the disposal cell.  
 
K3.4 Statistical Analysis of Data 
 
K3.4.1 Distribution of Data 
 
The data for the signature parameters at the cell wells locations were examined to determine 
whether the data is normal or log-normal (Attachment B). The data shows a stronger evidence 
of log-normality than normality. However, to demonstrate that there is little difference in the 
method used to calculate the baseline tolerance limits, values were calculated for the 
signature parameters at three of the locations using six methods. The methods used were: 
U.S. Environmental Protection Agency (EPA) guidance suggested method on normal and log-
normal data, tolerance limits on normal and log-normal data, and the mean plus 3 standard 
deviations on normal and log-normal data. All of the data from each location was used in this 
evaluation. The values calculated using the six methods yielded similar values for each of the 
signature parameters. Based on the evaluation (Attachment B), it is recommended to maintain 
the existing methodology of calculating baseline tolerance limits for the signature parameters and 
assume the data is distributed normally. Every 5 years, likely in conjunction with the 
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) 5-year 
reviews, the distribution of the data will be reevaluated.  
 
K3.4.2 Revised Baseline Tolerance Limits 
 
Tolerance limits for signature parameters were calculated using the dataset from 1997 through 
2002, using 95% confidence and 95% coverage, based on the assumption that the data are 
normally distributed. In the case of the newer wells (MW-2051 and MW-2055), the available 
data used is fairly small: however the tolerance limits for these wells are representative of 
groundwater conditions at these locations. Every 5 years, likely in conjunction with the 
CERCLA five-year reviews, the baseline tolerance limits will be recalculated.  
 
In calculating the baseline tolerance limit (BTL), results reported as non-detect (ND) or less than 
the detection limit (DL) were assigned a value of one-half the DL. Estimated values less than the 
DL, when reported, were used rather than one-half the DL.  
 
In accordance with the EPA guidance on Statistical Analysis of Groundwater Monitoring Data at 
RCRA Facilities (EPA 1989b), the following formula was used to calculate BTLs: 
 

BTL = x + k ( s ) 
 

where: x = arithmetic mean of the baseline data 
  s = standard deviation of the baseline data 
  k = one-sided normal tolerance factor, based on number of values in the data set 
 
The original tolerance limits for each location using data collected through December 2002 is 
included in Attachment B. One-sided tolerance factors can be found in Table 5 - Appendix B of 
the EPA guidance (EPA 1989b) and are also included in Attachment B. 
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K4.0 Detection Monitoring Program 

The goal of the detection monitoring program is to be able to detect releases of hazardous 
constituents from the disposal cell to the underlying aquifer. Detection monitoring is conducted 
in accordance with 40 CFR 264.98 throughout the life of the disposal cell to allow for the 
detection of hazardous constituents that may be migrating from the disposal cell. 
 
The detection monitoring program, which began at this site in June 1998, has evolved since its 
inception as additional groundwater and leachate data have been obtained and evaluated in light 
of the relevant regulatory requirements. Resulting modifications to the plan have been 
incorporated through correspondence (Steffen 1999a and Steffen 1999b), annual revisions to the 
site Environmental Monitoring Plan ( MK-F and JEG 2001a), and through revisions to this 
appendix of the LTS&M. An evaluation of the groundwater and leachate data collected through 
2007 is included in Attachment C and includes rationale for modifications to the detection 
monitoring program. 
 
K4.1 Sampling Locations 
 
Samples will be collected from monitoring wells MW-2032, MW-2046, MW-2047, MW-2051, 
and MW-2055. Samples will also be collected from Burgermeister Spring (SP-6301). 
 
K4.2 Groundwater Monitoring 
 
Samples collected from the monitoring wells and Burgermeister Spring will be analyzed for the 
list of parameters given in Table K−4. Based on a review of groundwater and leachate data, the 
list of monitoring parameters has been reduced to only those that have been identified as COCs 
for either the chemical plant and/or quarry bulk wastes or generated during water treatment 
processes. Quality control sampling is discussed in Section K6. 
 

Table K–4. Detection Monitoring Parameter List for Groundwater and Surface Water 
 

Radiological Metals Nitroaromatic 
Compounds Other General Indicator 

Parameters 
Radium-226 
Radium-228 
Th-228 
Th-230 
Th-232 
Uranium, Totala 

Arsenic 
Bariuma 

Chromium 
Lead 
Manganese 

Nickel 
Selenium 
Thallium 

1,3,5-TNB 
1,3-DNB 
2,4,6-TNT 
2,4-DNT 
2,6-DNT 
Nitrobenzene 

PCBs 
PAHs 

pH 
Temperature 
Specific 
Conductance 
 

aSignature parameters (see Section K3.3.2) 
 
 
K4.3 Sampling Frequency 
 
Each monitoring well and Burgermeister Spring will be sampled on a semiannual frequency. 
Samples will be collected during June and December of each year. This sampling frequency will 
provide an adequate dataset for use in developing a moving baseline for each location 
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(Section K3.3), and assists in eliminating the spatial and temporal variability seen in earlier 
datasets. Burgermeister Spring will be sampled during baseflow conditions, which is the stage of 
spring discharge when the water is least influenced by active surface runoff. Samples will be 
collected no sooner than 1 week following the end of a precipitation event of sufficient intensity 
to result in surface runoff. The flow rate of the spring will be estimated and recorded at each 
sampling event. 
 
The original disposal cell groundwater monitoring plan called for collecting four replicates at 
each monitoring location on a semi-annual basis. In 1999, the monitoring frequency was reduced 
to a single sample collected semi-annually from each location since independent replicates could 
not be collected within a short time period because of slow groundwater flow rates.  
 
K4.4 Groundwater Elevation Measurements 
 
Groundwater elevations will be measured semiannually at each of the disposal cell monitoring 
well locations prior to each sampling event. Groundwater flow rates and flow directions will be 
evaluated annually and reported in the Annual Site Environmental Report.  
 
K4.5 Precipitation Data 
 
To support leachate monitoring activities at a regulated unit, Missouri Hazardous Waste 
regulations require the collection of local precipitation data. An onsite meteorological station 
was used to monitor daily and hourly precipitation until December 2001, as described in the 
Environmental Monitoring Plan (MK-F and JEG 2001a). More recent and future regional 
precipitation data (e.g., from the Spirit of St. Louis Airport in Chesterfield, Missouri) is obtained 
as needed through the National Oceanographic and Atmospheric Administration at the following 
internet address: http://weather.noaa.gov. 
 
K4.6 Leachate Monitoring 
 
Regulations contained in 40 CFR 264.301 require leachate to be monitored during the active 
operation and post-closure period of a hazardous waste landfill. Although not specifically 
addressed by groundwater monitoring regulations, leachate monitoring is discussed in this plan 
because of the need to correlate the two programs to effectively monitor the potential migration 
of contaminants from the disposal cell. 
 
The leachate monitoring parameters will be a larger set than that monitored in the groundwater. 
This larger set has been selected because of the potential for changes in the composition of 
leachate over time. The leachate will continue to be monitored semiannually for the parameters 
outlined in Table K−5. Samples will be collected in June and December of each year. 
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Table K–5. Monitoring Parameter List for Leachate 
 

Radiological Inorganic 
Ions Metals Nitroaromatic 

Compounds Other General Indicator 
Parameters 

Radium-226 
Radium-228 
Thorium, 
Isotopic 
Uranium, Totala 

Chloride 
Fluoride 
Nitrate (as N) 
Sulfate  
 

Arsenic 
Bariuma 

Chromium 
Cobalt 
Irona 

Lead 
Manganesea 

Nickel 
Selenium 
Thallium 

1,3,5-TNB 
1,3-DNB 
2,4,6-TNT 
2,4-DNT 
2,6-DNT 
Nitrobenzene 

PCBs 
PAHs 

pH 
Temperature 
Specific 
Conductance 
COD 
TDS 
TOC 
Turbidity 

aSignature parameters (see Section K3.3.2) 
 
 
K4.7 Detection Monitoring Data Review 
 
K4.7.1 Signature Parameters 
 
Under the detection monitoring program, data for only the signature parameters from each 
monitoring event will be compared to baseline tolerance limits (Table K−6) to track general 
changes in groundwater quality and determine whether statistically significant increases in these 
parameters has occurred. Tolerance limits for signature parameters were calculated using the 
methodology presented in Section K3.4. Tolerance limits have been calculated for barium and 
uranium using data from 1997 through 2007. 
 

Table K–6. Baseline Tolerance Limits for Signature Parameters in Groundwater and Surface Water 
 

Signature Parameter 
Location 

Barium (μg/L) Uranium (pCi/L) 

MW-2032 325 5.3 

MW-2046 255 1.4 

MW-2047 440 2.2 

MW-2051 230 2.1 

MW-2055 49 4.2 

SP-6301 163 100 

 
 
For signature parameters (barium and uranium) that are determined to exceed the baseline 
tolerance limits, the following actions will be taken: 

• The location will be resampled to confirm the exceedence. If the exceedence is not 
confirmed, detection monitoring will continue and no further action is necessary. 

• If resampling results confirm the exceedence, a thorough evaluation will be performed to 
determine whether it is due to leakage from the disposal cell. This evaluation may include 
an assessment of groundwater gradients, review of leachate production and analytical data, 
review of sitewide monitoring data, and additional sampling. If it is shown that the upward 
trend is not due to leakage from the cell, a demonstration report will be prepared in 
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accordance with the substantive requirements of 40 CFR 264.98, and detection monitoring 
will continue. 

 
K4.7.2 Other Parameters 
 
The data from the remainder of the parameters will be reviewed to evaluate the general 
groundwater quality in the vicinity of the disposal cell and to determine if changes are occurring 
in the groundwater system. Data will be compared to the 3 most recent years of data to determine 
if statistically significant increases or trends in concentrations are present. A “moving average” 
approach, as discussed in the October 11, 1989, Federal Register (EPA 1989a), is used to better 
reflect naturally occurring changes in site hydrogeology, minimize temporal variations, and 
account for the natural attenuation of contaminants in the shallow aquifer. Data will be 
considered statistically significant if it is greater than the arithmetic mean plus 3 times the 
standard deviation for each location. 
 
Data that are determined to be statistically significant will be evaluated as follows: 

• The location will be resampled to confirm the exceedence. If the exceedence is not 
confirmed, no further action is necessary. 

• If results of the resampling confirm the exceedence, the data will be compared to the 
leachate data. If the leachate data do not indicate that the exceedence could be the result of 
leakage from the cell (parameter is not elevated in the leachate), an assessment of the 
analytical data and review of sitewide monitoring data will be performed. If the exceeding 
parameter is a contaminant of concern for the Groundwater Operable Unit (nitrate, 
nitroaromatic compounds, or trichloroethylene), this information will be evaluated under 
the monitoring program for the Groundwater Operable Unit at the chemical plant. 

• If results of the resampling confirm the exceedence, the data will be compared to the 
leachate data. If the leachate data indicate that the exceedence could be the result of 
leakage from the cell (parameter is also elevated in the leachate), the entire disposal cell 
monitoring network will be sampled for the full list of parameters shown in Table K–3. A 
revised monitoring plan, which incorporates the results of the enhanced sampling and 
outlines the specific details of the compliance monitoring program (Section K5.0), and an 
engineering feasibility plan for corrective action will be prepared in accordance with 
substantive requirements of 40 CFR 264.99. 

 
K4.7.3 Leachate 
 
Analytical data from the leachate will be compared to the analytical data from the monitoring 
well network to determine the adequacy of the signature parameters for this plan. If the 
composition of the leachate changes substantially, a parameter may be included or removed from 
the parameter list. If the concentration of a parameter decreases so that it is not distinguishable 
from concentrations (similar in concentrations) in groundwater, that parameter will be removed 
from the signature parameter list. Conversely, if the concentration of a parameter increases to a 
level that distinguishable from the concentrations in groundwater (order of magnitude greater), it 
would warrant its inclusion in the signature parameter list. This evaluation will be performed 
annually. 
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K4.8 Detection Monitoring Reporting 
 
K4.8.1 Annual Reporting 
 
Disposal cell monitoring data are reported annually in the Weldon Spring Site Environmental 
Reports (MK-F and JEG1999, MK-F and JEG 2000, MK-F and JEG 2001b, MK-F and 
JEG 2002, DOE 2005, DOE 2006a, and DOE 2007). Data to be reported includes all detectable 
analytical results, as well as groundwater flow rate and direction. However, since only analytical 
results were reported prior to 2002, groundwater flow rates and direction for the years 1998 
through 2002 are included in Attachment D of this plan. 
 
Confirmed exceedances of signature parameters are investigated further by evaluating water 
levels and precipitation data and reviewing historical analytical and field monitoring data to 
determine the likely cause and contributing factors. A summary of the exceedances and results of 
the investigations are reported in the annual site environmental report. 
 
K4.8.2 Demonstration Reporting 
 
A demonstration report will be prepared if it is shown that an upward trend in a signature 
parameter is not due to leakage from the cell. This report will document the evaluation used to 
derive the conclusion that leakage has not occurred from the disposal cell. This evaluation may 
include an assessment of data quality, groundwater gradients, review of leachate production and 
analytical data, review of sitewide monitoring data, and additional sampling.  
 
 

K5.0 Compliance Monitoring and Corrective Action Programs 

If it is determined that leakage from the cell has resulted in deterioration of the groundwater at 
the chemical plant, a review of the remedy will be necessary. This is based on the condition that 
the remedy is not behaving as expected and may no longer be protective of human health and the 
environment. Modifications or actions would be documented under CERCLA and would be 
consistent with 40 CFR 264.100, if appropriate. Identification of ARARs would be make at that 
time and my include groundwater protection standards as outlined in 40 CFR 264.92, if 
appropriate. At that time, a modification of this program would be documented in collaboration 
with EPA–Region VII and the Missouri Department of Natural Resources. The monitoring 
program will continue as prescribed in Section K4 and the nature and extent of the release will 
be investigated.  
 
 

K6.0 Quality Control 

All sampling, quality, and data verification will be conducted in accordance with the LTS&M 
Plan and the current version of the Sampling and Analysis Plan for U.S. Department of Energy 
Office of Legacy Management Sites (LMS/PLN/S04351). 
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Monitoring Well Installation Logs 
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Statistical Evaluation of Detection Monitoring Data  
(1998 to 2001) 
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B.1 Evaluation Summary – 1998 through 2001 
 
Under the original version of this plan, the elements of the detection monitoring program 
included: 

• Collecting four replicate samples at each location on a semiannual basis,  

• Measuring groundwater elevation at each well location, as well as flow rate for the spring, 
on a quarterly schedule and immediately prior to each semiannual sampling event, 

• Analyzing for the entire list of constituents presented in Table K–3 of the main text of this 
report, and noting any unusual colors, odors, or turbidity, 

• Evaluating analytical data in comparison with background levels to identify statistically 
significant increases that may indicate an impact from the disposal cell, and 

• For parameters that appear to exceed background levels: reviewing analytical results for 
potential errors, evaluating cell leachate volume data to confirm liner integrity, and 
resampling individual locations for the suspect parameters. 

 
The detection monitoring data obtained from 1998 to 2001 were evaluated in accordance with 
the EPA guidance on Statistical Analysis of Groundwater Monitoring Data at RCRA Facilities 
(EPA 1989). This document provides guidance on conducting various types of statistical 
analyses under the RCRA groundwater monitoring regulations (40 CFR 264, Subpart F). The 
foundational assumption of each statistical method is that the waste management unit is situated 
on an uncontaminated aquifer and that the only source of increases in contaminant 
concentrations in the groundwater is leakage from the waste management unit. The guidance 
cautions against the use of the prescribed methods in evaluating data from wells that have shown 
evidence of preexisting contamination or where a high degree of spatial variation exists between 
the background wells and compliance wells, both of which are true for the Weldon Spring Site. 
 
In the absence of regulatory guidance on more appropriate statistical methods for use at a site 
with preexisting groundwater contamination, detection monitoring data have been evaluated by 
several different methods, as discussed below. 
 
B.1.1 1998 Results 
 
Detection monitoring data from 1998 were evaluated by means of both parametric and 
nonparametric analysis of variances (ANOVA) analyses. Results of these analyses, which are 
presented in the Weldon Spring Site Environmental Report for Calendar Year 1998 (MK-F and 
JEG 1999), are based on a comparison of data from the compliance wells, MW-2032 and 
MW-2045 through MW-2047, with data from the upgradient (i.e., “background”) well, 
MW-2048. These analyses resulted in a large number of statistical failures which, if they had 
been based on data from a previously uncontaminated aquifer, would have provided evidence of 
groundwater impact due to the disposal cell. 
 
Many of the test failures were determined to be attributable to preexisting concentrations of 
certain parameters being higher in the compliance wells than in the upgradient well prior to 
waste placement (March 1998). However, after disregarding the parameters in which this was the 
case, the following parameters still failed at least one of the statistical tests: 

• MW-2032 Chromium, silver, thallium 
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• MW-2045 Calcium, radium-228 

• MW-2046 Silver, vanadium, TOX 

• MW-2047 Vanadium, zinc, 1,3,5-TNB 
 
The monitoring data for parameters that failed the interwell comparisons were further evaluated 
by means of ANOVA procedures based on intrawell comparisons with baseline data from the 
same locations. This testing resulted in the following statistical failures: 

• MW-2045 Calcium 

• MW-2046 Vanadium 

• MW-2047 Vanadium, 1,3,5-TNB 
 
All of the above statistical failures were attributed to natural fluctuations in the existing 
groundwater quality. It was not reasonable to consider these test failures to be indicators of cell 
leakage because waste placement, and subsequent leachate production, began only a few months 
before the first 1998 detection monitoring event, and contaminant fate and transport analyses had 
predicted a 53-year interval before contaminants leaking from the cell would be detected in the 
monitoring wells (Tomasko et al. 1996). In addition, the use of the upgradient well, MW-2048, 
as a “background” well was determined to be inappropriate since several constituents were 
already higher in this well than in any of the compliance wells before waste placement began. 
 
B.1.2 1999 Results 
 
The detection monitoring program was modified in 1999, after review of the previous 2 years of 
groundwater and leachate data. Several parameters were eliminated from the monitoring list. 
Also, the monitoring frequency was reduced to a single sample obtained semiannually from each 
location instead of the four replicates previously collected. 
 
In an effort to derive a more reliable means of evaluating data, an intrawell tolerance interval 
approach was used to evaluate the 1999 data instead of the ANOVA procedures used the 
previous year. A intrawell tolerance limit approach was considered the preferred method of 
evaluating data because this approach resulted in fewer false positive results that any of the other 
types of statistical analyses performed to date. Also, due to the heterogeneous nature of the 
aquifer it can be expected that each well would act independently because it monitors a discrete 
portion of the aquifer. By this method, each monitoring location (including the upgradient well) 
was considered to be a point of compliance, and “background” conditions were described by the 
contaminant concentrations measured at each location during baseline monitoring. Tolerance 
limits were calculated for each parameter at each monitoring location according to the 
methodology in Statistical Analysis of Groundwater Monitoring Data at RCRA Facilities 
(EPA 1989). 
 
Using the baseline data collected prior to waste placement, upper tolerance limits were 
established based on the assumptions of a normal data distribution and a 95% level of 
confidence. Data from the two semiannual monitoring events were compared to the baseline 
values, and any exceedances were investigated through the data verification process, sample 
reanalysis, and/or resampling. All confirmed exceedances were reported as statistically 
significant increases. The Weldon Spring Site Environmental Report for Calendar Year 1999 
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(MK-F and JEG 2000b) summarizes the results of statistical analysis of the 1999 data, in which 
the following parameters exceeded baseline for at least one of the sampling events: 

• MW-2032 Chemical oxygen demand (COD), chromium, nickel 

• MW-2045 Arsenic, chromium, molybdenum, nickel 

• MW-2046 Aluminum, barium, chromium, magnesium, nickel, COD 

• MW-2047 COD 

• MW-2048 Magnesium, sulfate 
 
As in the previous 2 years, the above statistical failures were attributed to natural fluctuations in 
the existing groundwater quality. However, in accordance with the original version of this plan, a 
thorough study of the monitoring network was conducted in 2000 to confirm that the recurring 
baseline exceedances were not true indicators of cell leakage. This study was documented in the 
Weldon Spring Site Cell Groundwater Monitoring Demonstration Report (MK-F and 
JEG 2000a). It included an evaluation of historical site-wide groundwater quality, review of 
leachate flow rate and analytical data, analysis of groundwater elevation fluctuations, 
comparison of filtered and unfiltered samples for metals analysis, and review of cell well 
construction and performance information. 
 
The demonstration report concluded that the baseline exceedances were not due to contaminant 
migration from the cell, but rather were the result of variations in previously existing 
groundwater contamination compounded by poor hydraulic performance of some of the wells. 
The following actions were recommended to alleviate the recurrence of similarly false positive 
results in future sampling events: 

• Attempt to improve the flow rate and clarity of groundwater in MW-2045 by redeveloping 
it prior to the next sampling event, 

• Install an additional compliance well in the vicinity of MW-2045 to provide supplemental 
monitoring on the northeast side of the disposal cell, and 

• Recalculate the upper tolerance limit for the baseline values of each parameter at each 
well. The new limits should be based on the assumption that the four replicates obtained 
during each quarterly baseline event were not truly independent samples but represented a 
single event.  

 
Results of the filtered metals analyses confirmed that most of the metals exceedances coincided 
with high turbidity and likely resulted from metals adhering to suspended clay particles in the 
groundwater. Although the filtering of groundwater samples for metals analyses is an acceptable 
sampling procedure, it was not listed as a recommendation in the demonstration report because 
baseline values were already established using unfiltered samples. 
 
B.1.3 2000 Results 
 
The recommendations from the demonstration report were implemented, and the 2000 data were 
evaluated using the tolerance interval approach with the recalculated tolerance limits. The 
Weldon Spring Site Environmental Report for Calendar Year 2000 (MK-F and JEG 2000)  
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contains the results of this evaluation, in which the following parameters exceeded the new 
baseline tolerance limits during at least one of the semiannual sampling events: 

• MW-2045 Chromium, molybdenum 

• MW-2046 Molybdenum 

• MW-2047 Chromium 

• MW-2048 Chromium, magnesium, molybdenum, sulfate 
 
B.1.4 2001 Results 
 
Results of the 2001 detection sampling, which were evaluated in the same manner as in the 
previous year, are presented in the Weldon Spring Site Environmental Report for Calendar 
Year 2001 (MK-F and JEG 2001). The following parameters were identified as exceeding 
baseline tolerance limits during at least one of the semiannual sampling events: 

• MW-2045 Chromium, molybdenum, nickel 

• MW-2046 Nickel, 2,4,6-TNT 

• MW-2048 Sulfate 
 
Two new wells were installed and one was abandoned under the disposal cell monitoring 
program in 2001. MW-2051 and MW-2055 were installed and MW-2048 was abandoned. 
Baseline monitoring data was collected from these wells in 2001 and 2002, and they were added 
to the detection monitoring program in 2002. 
 
B.2 Evaluation Summary–2004 
 
In response to a comment from the Missouri Department of Natural Resources regarding the 
distribution of the groundwater data from the disposal cell wells, a statistical evaluation of the 
data was performed. This analysis consisted of a determination of the data distribution and the 
appropriateness of the baseline tolerance limits for evaluation of the detection monitoring data. 
 
B.2.1 Data Distribution 
 
The data for the signature parameters at locations MW-2032, MW-2046, MW-2047, MW-2051, 
MW-2055, and SP-6301 were reexamined to determine whether the data is Normal or log-
Normal. Testing for Normality or log-Normality were done by three different methods, as 
suggested as alternative tests in the EPA Statistical Analysis of Ground-Water Monitoring Data 
at RCRA Facilities – Addendum to Interim Final Guidance (EPA 1992). These tests were: 

• Probability Plot Correlation Coefficient 

• Shaprio-Wilk Test of Normality (n<50) or Shaprio-Francia Test of Normality (n>50) 

• Coefficient of Skewness 
 



 

 
U.S. Department of Energy Weldon Spring Site LTS&M Plan 
December 2008 Doc. No. S00790-1.0 
 Page B−5 

The tests were performed for both the non-transformed data and log-transformed data for each of 
the four signature parameters at each location. Each of the signature parameters at each of the 
locations passed at least one of the three tests for Normality and log-Normality. For example, at 
location MW-2051 the results were: 
 

Test Method 
PPCC CS SW/SF PPCC CS SW/SF 

Analyte 

Non-transformed Data Log-transformed Data 
Barium N  N N N N 
Iron  N   N  
Manganese N N N N N N 
Uranium N  N N N N 

PPCC – Probability Plot Correlation Coefficient 
CS – Coefficient of Skewness 
SW – Shapiro-Wilk Test of Normality (n<50) 
SF – Shapiro-Francia Test of Normality (n>50) 
N – Criteria for Normality met 

 
 
The other locations show similar results. Although the data shows a slightly stronger evidence of 
log-Normality than Normality, the data can be treated as Normal because of the difficulty in 
calculating the mean and variance/standard deviation for a log-Normal distribution.  
 
B.2.2 Review of Baseline Tolerance Limits 
 
All the available data was used in calculating baseline tolerance limits. Data points that may have 
been compromised in some manner should be excluded. Compromised data may include data 
collected after any disturbance of the sub-surface such as by drilling, excavation, soil sampling, 
etc. that may dramatically increase the mobility/solubility of some contaminants.  
 
To demonstrate that there is little difference in the method used to calculate the baseline 
tolerance limit, values for the signature parameters at three of these locations were calculated 
using six methods (Table B−1). All of the data for each location were used in the calculations. 
 
The method outlined in the EPA Guidance (EPA 1989 and EPA 1992) is designed to treat below 
detection limit values differently from other methods of calculating a benchmark or baseline 
tolerance limit where below detection limit values are typically set at one-half the detection limit. 
However, the EPA Guidance method assumes that all the below detection limit values have the 
same detection limit, which is seldom the case and complicates the analysis. 
 
The values in the table for MW-2051 show more variation than the other locations, particularly 
for iron, manganese, and uranium. This is likely due to the small data sets, where only five or 
six values for each of the signature parameters have been collected, and one or two extreme or 
outlier values can skew the calculated value. 
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Table B−1. Calculated Baseline Tolerance Limits for MW-2032, MW-2046, and MW-2051 
 
Location Method Ba (μg/L) Fe (μg/L) Mn (μg/L) U (pCi/L) 

EPA Guidance – Normal Dataa  338.8 889.9 45.2 5.60 

Tolerance Limit – Normal Datab  376.7 1125.2 56.6 6.42 

xbar+3s – Normal Data 389.9 117.8 56.3 6.73 

EPA Guidance – log-Normal Dataa,c  334.2 926.7 45.7 6.96 

Tolerance Limit – log-Normal Datab,c  370.7 1178.1 57.4 9.35 

MW-2032 

xbar+3s – log-Normal Datac  383.4 1170.3 57.0 9.89 

EPA Guidance – Normal Dataa  256.5 1238.6 147.7 1.67 

Tolerance Limit – Normal Datab  276.7 1577.5 186.9 1.76 

xbar+3s – Normal Data 287.0 1566.9 185.7 1.84 

EPA Guidance – log-Normal Dataa,c  249.9 1156.0 151.2 1.48 

Tolerance Limit – log-Normal Datab,c  268.3 1464.2 191.9 1.92 

MW-2046 

xbar+3s – log-Normal Datac  277.6 1454.6 190.7 2.02 

EPA Guidance – Normal Dataa  253.2 2200.8 205.5 3.68 

Tolerance Limit – Normal Datab  285.3 2895.9 265.4 4.51 

xbar+3s – Normal Data 236.4 1657.9 158.7 3.12 

EPA Guidance – log-Normal Dataa,c  248.5 1384.8 286.7 3.27 

Tolerance Limit – log-Normal Datab,c  278.9 1799.4 374.9 4.64 

MW-2051 

xbar+3s – log-Normal Datac  232.6 1061.0 217.8 3.20 
aCalculated by method outlined in EPA Addendum to Interim Final Guidance for Statistical Analysis of Ground-Water 
Monitoring at RCRA Facilities. 
bBowker, Albert H. and Gerald J. Liberman, Engineering Statistics, Section 8.12 and 8.13. 
cMean and standard deviation for log-Normal calculated by method from Gilbert, Richard O., Statistical Methods for 
Environmental Pollution Monitoring, Section 13.1.1. 
 
 
Comparison of the six different calculation methods yielded the following conclusions: 
 
1. There is not much difference in the EPA Guidance Normal Data values and the EPA 

Guidance log-Normal Data values except for iron and manganese at MW-2051. Although the 
below detection limit values are treated the same in both these calculations, the difference is 
likely due to small sample size and outlier values as noted above. 

 
2. The EPA Guidance Normal Data values and the Tolerance Limit Normal Data show some 

variation in many cases. The difference is probably attributable to the difference in the 
treatment of below detection limit values. The same argument can be stated for the EPA 
Guidance log-Normal Data values and the Tolerance Limit log-Normal Data values. 

 
3. The Tolerance Limit Normal Data values and the “xbar+3s” Normal Data values are very 

similar, except at MW-2051. This is expected because the only difference is the tolerance 
factor multiplier. The Tolerance Limit is calculated as “xbar+ks”, where the tolerance factor 
multiplier ‘k’ is from a table depending on the sample size and the probability that the 
calculated interval contains a give percent of the distribution. For the “xbar+3s” method the 
multiplier factor is always 3. The range for this factor is from approximately 2.2 to 10.5. As 
the sample size decrease the tolerance factor multiplier increases. This accounts for the 
difference in the values at MW-2051. The same argument can be stated for the Tolerance 
Limit log-Normal Data values and the “xbar+3s” log-Normal values. 

 



 

 
U.S. Department of Energy Weldon Spring Site LTS&M Plan 
December 2008 Doc. No. S00790-1.0 
 Page B−7 

Based on the analysis discussed above, it was not recommend to change the method currently 
used (tolerances limits) for calculation of benchmarks for the signature parameters. All of the 
available data that has not been compromised should be used. In addition, the ‘arithmetic mean 
plus 3 standard deviations’ is appropriate for the non-signature parameters since they are not a 
concern in the leachate.  
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It was determined that periodic review of the groundwater and leachate data should be performed 
in order to evaluate possible changes in groundwater quality and composition of the leachate that 
could impact the monitoring program. Also, it was determined that every 5 years, the baseline 
tolerance limits for the signature parameters would be recalculated. 
 
The following are general discussions regarding the groundwater and leachate data. Summary 
statistics for the groundwater and leachate are presented in Table C−1. Specific discussions 
regarding the groundwater and seep data are presented in the annual reports. 
 
C.1 Groundwater 
 
From 2003 through 2007, the cell wells and Burgermeister Spring have been sampled 
semiannually. The general groundwater quality has been stable and has shown little variation 
over time. During the time period of 2003 through 2007, the concentrations of the signature 
parameters in the cell wells and Burgermeister Spring have been less than the baseline tolerance 
limits, with the exception of iron and manganese in MW-2032. Increases in iron and manganese, 
as well as other parameters in this well were attributed to biodegradation of natural organic 
material (ants) in the well as discussed in the Cell Groundwater Monitoring Demonstration 
Report for the December 2004 Sampling Event (DOE 2005). This well exhibited a conversion 
from fully oxidizing to chemically reducing due to the decay of ants in the well. After 
implementation of corrective action, the geochemistry of the well as returned to normal in 2006. 
 
C.2 Leachate 
 
In general, the composition of the leachate has remained stable over time, with the exception of 
iron, manganese, and uranium. These three constituent have shown a general decline over time. 
Increasing concentrations over time have not been identified in any of the monitored constituents 
in the leachate. 
 
C.3 Evaluation of Signature Parameters 
 
It was anticipated during development of the detection monitoring program that the list of 
signature parameters may be modified, as necessary, based on future changes in leachate and/or 
groundwater concentrations. Barium, iron, manganese, and uranium were identified in the 
Weldon Spring Site Disposal Cell Groundwater Monitoring Plan, Revision 2 (DOE 2004) as 
“signature parameters” for the disposal cell detection monitoring program. Based on data 
collected from 2000 through 2002, all four of these parameters had been detected at 
concentrations at least an order of magnitude higher in the leachate than in the underlying 
groundwater or Burgermeister Spring (with the exception of uranium), which enhances the 
reliability of any conclusions that are drawn based on fluctuations in groundwater constituents. It 
was determined that increasing trends of these four parameters in the groundwater would be 
considered a signature of cell leachate that has migrated to the underlying aquifer. 
 
A comparison of the annual averages for each signature parameters in the leachate and cells 
wells or Burgermeister Spring indicates that the concentrations of iron (Figure C−1) and 
manganese (Figure C−2) in the leachate have decreased to levels that no longer exceed those 
detected in the groundwater by an order of magnitude. Although the levels of uranium in the 
leachate have decreased over time (Figure C−3), the levels are still an order of magnitude greater 
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than those detected in groundwater. Barium concentrations in the leachate (Figure C−4) have 
remained stable in the leachate and continue to be greater in the leachate than in the 
groundwater. 
 

 
Figure C−1. Annual Averages for Iron in Leachate and Cell Monitoring Network 
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Figure C−2. Annual Averages for Manganese in Leachate and Cell Monitoring Network 
 
 

 
Figure C−3. Annual Averages for Uranium in Leachate and Cell Monitoring Network 
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Figure C−4. Annual Averages for Barium in Leachate and Cell Monitoring Network 

 
 
Based on the evaluation of the concentrations of the signature parameters in the leachate and the 
groundwater, it is concluded that barium and uranium will continue to be monitored as signature 
parameters under the baseline monitoring program. New baseline tolerance limits will be 
calculated for the 5 disposal cell monitoring wells and Burgermeister Spring. Iron and 
manganese will no longer be used as signature parameters. The concentrations of these two 
parameters have decreased over time to levels that no longer distinguish possible cell leakage 
from the natural groundwater chemistry. 
 
C.4 Evaluation of Long-Term Monitoring Parameters 
 
The monitoring program must include those constituents that have been detected in the 
groundwater and that are reasonably expected to be in or derived from waste in the disposal cell. 
Based on the review of the groundwater and leachate data, the following contaminants will 
continue to be monitored in the five disposal cell wells and Burgermeister Spring: arsenic, 
barium, chromium, lead, manganese, nickel, selenium, thallium, nitroaromatic compounds, 
radium-226/228, thorium-228/230/232, PAHs, and PCBs. These constituents have been 
identified as COCs for either the chemical plant and/or bulk wastes or were generated during 
water treatment processes. 
 
The leachate will continue to be monitored for the present list or parameters. If changes are 
identified in the composition of the leachate, monitoring parameters for the groundwater will be 
evaluated. 
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Groundwater flow rates and flow directions will be evaluated annually as specified in 
Section K4.4 of the main text of this report. Results for 1998 through 2002 are presented in this 
attachment. 
 
D.1 Groundwater Flow Direction 
 
The groundwater flow direction was determined by constructing a potentiometric surface map of 
the shallow aquifer using the available wells at the chemical plant (Figure D−1). Potentiometric 
surface maps (Figures D−2 through D−6) were constructed using the average of the groundwater 
elevations measured during each year. A summary of the average groundwater elevations for 
each well is included in this attachment. 
 
The potentiometric surface has remained relatively unchanged from 1998 through 2002. The 
groundwater flow direction is to the north. A groundwater divide is present along the southern 
boundary of the chemical plant site. 
 
D.2 Groundwater Flow Rates  
 
The calculation of the average groundwater flow rate (average linear velocity) is a function of 
the hydraulic conductivity (K), the hydraulic gradient (I) and the effective porosity (ne) of the 
shallow aquifer: 
 

v = - Ki / ne 
 
The average groundwater flow rate for each year is summarized in Table D−1.  
 

Table D−1. Average Groundwater Flow Rate From 1998 Through 2002 
 

GW Elevation 
Year 

Hydraulic 
Conductivity 

(cm/s)a 

Effective 
Porosityb MW-2048c MW-2032 

Hydraulic 
Gradient 

(ft/ft)d 

Average 
Flow Rate 

(ft/day) 
1998 0.007 0.10 607.5 582.9 0.012 2.4 

1999   607.5 583.0 0.012 2.4 

2000   607.5 582.9 0.012 2.4 

2001   607.3 582.9 0.012 2.4 

2002   606.8 582.9 0.011 2.2 
aAverage hydraulic conductivity using data from the cell monitoring wells. 
bValue selected to estimate maximum groundwater flow rate. 
cGroundwater elevation from MW-2055 was used for 2002. 
dHorizontal distance between MW-2032 and MW-2048 is 2,100 ft. 
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Figure D−1 
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Figure D−2 
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Figure D−3 
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Figure D−4 



 

 
Weldon Spring Site LTS&M Plan U.S. Department of Energy 
Doc. No. S00790-1.0 December 2008 
Page D−6  

 

Figure D−5 
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Figure D−6 
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