
Environmental Sciences LaboratoryEnvironmental Sciences Laboratory

Prepared for
U.S. Department of Energy
Grand Junction, Colorado

Work Performed Under DOE Contract No. DE–AC01–02GJ79491 for the U.S. Department of Energy
Approved for public release; distribution is unlimited.

Diffusion Multilayer Sampling of
Ground Water in Five Wells at
the Tuba City, Arizona, Site

February 2004

GJO–2004–589–TAC
ESL–RPT–2004–02



  ESL–RPT–2004–02 
   

U0195900 

Office of Legacy Management 
 
 

Diffusion Multilayer Sampling of Ground Water in 
Five Wells at the Tuba City, Arizona, Site 

 
 
 

 
 
 
 
 
 
 
 
 
 
 

February 2004 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Work Performed by S.M. Stoller Corporation under DOE Contract No. DE-AC01-02GJ79491 
for the U.S. Department of Energy, Grand Junction, Colorado 





Document Number U0195900  Contents 

DOE/Office of Legacy Management Diffusion Multilayer Sampling of Ground Water  
February 2004 Page v 

Contents 
Page 

Acronyms...................................................................................................................................... vii 

Executive Summary....................................................................................................................... ix 

1.0 Introduction..........................................................................................................................1 

2.0 Background ..........................................................................................................................3 

3.0 Methods................................................................................................................................5 

4.0 Results and Discussion ........................................................................................................7 

5.0 Conclusions and Recommendations ....................................................................................9 

6.0 References..........................................................................................................................11 
 

Tables 
Page 

Table 1. Installation Depths and Equilibration Periods for DMLS Samples at the Tuba City, 
Arizona, Site ......................................................................................................................... 13 

Table 2. Analytical Results of DMLS Sampling .......................................................................... 14 
 

Figures 
Page 

Figure 1. Well Location Map........................................................................................................ 15 
Figure 2. DMLS Assembly........................................................................................................... 16 
Figure 3. Concentration of Selected Constituents versus Depth at Well 938............................... 17 
Figure 4. Concentration of Selected Constituents versus Depth at Well 934............................... 18 
Figure 5. Concentration of Selected Constituents versus Depth at Well 935............................... 19 
Figure 6. Concentration of Selected Constituents versus Depth at Well 944............................... 20 
Figure 7. Concentration of Selected Constituents versus Depth at Well 932............................... 21 
 
 

Appendixes 
 
Appendix A  DMLS Installation and Maintenance Manual 

(U.S. Filter) 
 



Contents   Document Number U0195900 

 

Diffusion Multi-Layer Sampling of Ground Water  DOE/Office of Legacy Management 
Page vi February 2004 

 

End of current text 

 



Document Number U0195900  Acronyms 

DOE/Office of Legacy Management Diffusion Multilayer Sampling of Ground Water  
February 2004 Page vii 

 

Acronyms 
 
DMLS  Diffusion Multilayer Sampler 
DOE  U.S. Department of Energy 
EC  electrical conductance 
LM  Legacy Management 
ORP  oxidation reduction potential 
UMTRA  Uranium Mill Tailings Remedial Action 



Contents   Document Number U0195900 

 

Diffusion Multi-Layer Sampling of Ground Water  DOE/Office of Legacy Management 
Page viii February 2004 

 

End of current text 

 



Document Number U0195900  Executive Summary 

DOE/Office of Legacy Management Diffusion Multilayer Sampling of Ground Water  
February 2004 Page ix 

Executive Summary 
 
Passive samplers were used to collect depth-specific ground water samples from five monitor 
wells at the U.S. Department of Energy Tuba City Legacy Management site in north central 
Arizona. Diffusion Multi-Level Sampler (DMLS) methodology was used to collect the ground 
water samples from wells 938, 934, 935, 944, and 932 between May 6, 1998 and February 25, 
1999. Each DMLS tool is 5 feet long and contains 12 equally spaced ports that are separated by 
flexible rubber seals that contact the inside of the well casing. Two DMLS instrumentation 
setups were used in this study. The four DMLS tools were either directly joined together to 
obtain continuous samples from wells having 20-foot-long screen intervals, or they were 
connected with a length of cable to sample screen intervals up to 45 feet long at discreet 
locations. Each probe was equipped with a 14-mL sample cylinder capped with a dialysis 
membrane. The assembly of probes was lowered into each well for a period of at least 2 weeks 
and then retrieved. At well 938, the sample collection was repeated using a longer equilibration 
period (120 days) to determine if the 2-week period was sufficient. Upon retrieval from the well, 
samples from three probes were composited into a single 40-mL glass vial, cooled, and 
transported to the analytical laboratory for analysis of molybdenum, selenium, nitrate, sulfate, 
and uranium. Samples from a fourth probe were measured in the field for pH, redox potential, 
alkalinity, and electrical conductance.  
 
Results of the sampling show that the concentration profile was constant over the depth that was 
sampled. This indicates that either the concentration profile in the well was constant over the 
sample depth, or that vertical flow within the well yielded an equal concentration. Replicate 
sampling of well 938 showed that the concentrations obtained from a 14-day equilibration were 
reproduced with a 120-day equilibration. Assuming that the 120-day equilibration yielded a 
representative sample implies that the 14-day equilibration was also adequate.  
 
The DMLS sampling method could potentially be used in the future to monitor wells with longer 
screens. Analytical results from such monitoring should be viewed with caution at the Tuba City 
site because significant vertical hydraulic gradients could induce preferential flow within the 
screen interval. Quantitative assessments of the concentration profiles could be improved by first 
determining if concentrations collected with the sample probes match those measured outside the 
probe. 
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1.0 Introduction 
 
One of the uncertainties during the design phase of the Tuba City remedial action was the depth 
of the contamination plume (Kautsky 1999). There were few monitoring wells within the area of 
the plume that actually tapped deeper portions of the aquifer, and those were situated outside the 
plume area. Wells inside the plume area tapped the upper part of the aquifer, and few wells 
within the plume area had long screen intervals. Because of the lack of wells that could be used 
to define the depth of the plume, passive samplers were used within the plume area to project its 
depth. This report describes the passive sampling conducted at the Tuba City site and the 
concentration profile data that were collected. Deployment of the passive samplers described in 
this report was conducted as part of the UMTRA Ground Water Project. The presentation of 
results from those efforts is being done under the Environmental Sciences Laboratory subtask of 
the Legacy Management task order.  
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2.0 Background 
 
Diffusion Multi-Level Sampler (DMLS) methodology employs dialysis cell technology to 
passively collect water samples at various depths in a well and to vertically profile the chemical 
composition of an aquifer. Scientists at the Weizmann Institute of Science in Israel developed the 
sampling methodology as a research tool and introduced it to the science community in 1985. In 
1996, U.S. Filter/Johnson Screens became the exclusive North American distributor for DMLS 
(recent inquiries conducted as part of this report were unsuccessful at locating the current U.S. 
distributor). Appendix A contains a reprint of the DMLS installation and maintenance manual 
furnished by U.S. Filter. 
 
The sample cell used in the DMLS technique is a polypropylene vial filled with deionized water 
and capped with a permeable dialysis membrane. When the cell is exposed to well water, ground 
water solutes diffuse into the cell until concentrations inside the cell equal the concentrations 
outside the cell. The diffusion occurs across the semipermeable membrane. Up to 12 dialysis 
cells are installed along a 5-foot (ft)-long rod, and each cell is isolated from its neighbor with 
flexible rubber seals that fit loosely against the inside of the well screen. Turbulence and mixing 
of ground water occurs as the DMLS sampler is lowered into a well; therefore, sufficient time 
must be allowed to permit natural flow to replace the water inside the well with formation water 
and to achieve equilibrium within the dialysis cell. Approximately 7 to 10 days are required 
before the DMLS can be retrieved; however, in low-flowing wells the period might be longer.  
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3.0 Methods 
 
Between May 6, 1998, and February 25, 1999, ground water concentration profiles were 
obtained from wells 938, 934, 935, 944, and 932 at the Tuba City site (see Figure 1). The profiles 
were collected using a series of four DMLS sampling rods suspended within the screen interval 
of each well. If a screen interval was 20 ft in length, four 5-ft-long DMSL rods were attached 
end-to-end to accomplish the sampling. If the screen intervals were longer than 20 ft, the DMLS 
rods were connected together with cables of equal length. In both cases, a weight was attached to 
the lowermost rod to pull the assembly of rods down the hole. For convenience, the rods were 
labeled A, B, C, and D; A was the uppermost and D the lowermost rod in each installation. Each 
rod is capable of housing up to 12 sampling probes along its length. If the ports on the upper half 
of the rod were being used, the samples were labeled U; if the lower half of the rod was being 
used, then the sample was designated L. Table 1 summarizes the depths that the DMLS tool was 
placed in each well. The designation 938-A-U indicates that the sample was from the upper half 
of the uppermost sampling rod and was collected from well 938. 
 
The DMLS assembly was lowered into the well using a cable reel attached to a standard marine 
winch with a counter (see Figure 2). The cable was passed through a pulley affixed to the apex of 
a large tripod. The D rod was lowered into the well first, followed by the C, B, and A rods, until 
the entire sampling string was lowered into the well. As shown in Table 1, the first three 
installations equilibrated for a period of about 14 days. The remaining installations equilibrated 
for 13, 22, and 120 days, respectively. The 120-day installation was a repeat of an earlier 14-day 
installation in well 938 to evaluate if the 14-day equilibration was sufficient. 
 
Each dialysis cell contains 14 milliliters (mL); consequently, the contents of 3 cells were needed 
to fill a 40-mL glass vial. A fourth cell was used for field measurements at each depth. Each 
40-mL composite sample was analyzed for molybdenum, nitrate, selenium, sulfate, and uranium. 
Field measurements included alkalinity as CaCO3, electrical conductance (EC), oxidation 
reduction potential (ORP), and pH.  
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4.0 Results and Discussion 
 
Analytical results for the DMLS sampling are summarized in Table 2 and are also summarized 
graphically in Figures 3 through 7. Except for samples 938-A-U, 934-A-U, and 934-A-L, the 
sample results show qualitatively that the DMLS method collects credible samples. The three 
exceptions occurred presumably because the uppermost ports in wells 938 and 934 were not 
completely submerged in the ground water. This would explain why the resulting concentration 
is higher than deionized water and lower than the expected ground water concentration.  
 
Well 938 was sampled twice with the DMLS tool; the first sample was extracted on May 20, 
1998, and the second sample was extracted on February 25, 1999. The results are not entirely 
comparable because the uppermost sampler was not immersed completely; however, nitrate, 
sulfate, and uranium concentrations from the three lower samplers B, C, and D, at 56.5, 78.0, and 
94.5 ft, respectively, appear to be comparable (Table 2). The reproducibility of the results from 
these depths suggests that 14 days was sufficient time for the samples to equilibrate with the well 
water from that interval. However, these data do not necessarily show that the dialysis cells yield 
the same concentration as the ground water. 
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5.0 Conclusions and Recommendations 
 
Results from this investigation suggest that the DMLS method can be used to gather chemical 
profile data from wells at the Tuba City site. The method is best suited to sites where the vertical 
hydraulic gradient is negligible, because the well itself could become a pathway for vertical 
migration of ground water if the vertical gradients were important. If the vertical hydraulic 
gradients were significant and vertical flow was taking place within the well, the resulting 
concentration profile measured with the DMLS method would probably show little change with 
depth. The absence of large variations in the concentration in well 938, which has the longest 
screen interval of the wells tested in this investigation, might indicate that the well itself is 
serving as a conduit for vertical flow. 
 
The five wells in which the DMLS samplers were installed had relatively short screens and 
tapped only a small portion of the total depth of the contaminant plume at the Tuba City site. 
Extrapolating the total contaminant depth based on these limited DMLS results would introduce 
considerable error; consequently, no such estimate is presented in this document. However, 
25 extraction wells installed in the summer of 1999, after the DMLS sampling was complete, 
have much longer screen lengths and penetrate deeper sections of the plume. Three of these 
extraction wells have 100-foot long screens. The remaining twenty-two wells have 150-foot long 
screens that span the 4,820 to 4,970-ft elevations. Applying the DMLS sampling technique to 
these latter wells may yield a better estimate of the concentration profile in the plume.  
 
Although results from the DMLS sampling show that the method can be used to collect 
reproducible ground water samples at the Tuba City site, no specific tests were conducted to 
compare the concentrations in the dialysis cells to those in the surrounding well water. 
Laboratory testing could be used to compare the equilibrated concentrations in the dialysis cells 
to the concentration of the reference liquid in which the cell is immersed.  
 
Questionable results from samples 938-A-U, 934-A-U, and 934-A-L indicate that the depth to 
water and the depth of the sample cells must each be measured with utmost care to ensure that 
each probe is completely immersed. The installation procedures must also be carefully followed. 
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Table 1. Installation Depths and Equilibration Periods for DMLS Samples at the Tuba City, Arizona, Site 

DMLS 
Sample No. 

DMLS 
Depth 

(ft BTOC) 

Screen 
Interval 

(ft BTOC) 
Installation Date Extraction Date 

Equilibration 
Period 
(days) 

938-A-U 44.5 
938-A-L 48.5 
938-B-U 56.5 
938-B-L 60.0 
938-C-U 78.0 
938-C-L 81.5 
938-D-U 94.5 
938-D-L 98.5 

43.3−98.3 May 06, 1998 May 20, 1998 14 

934-A-U 47.5 
934-A-L 51.5 
934-B-U 58.0 
934-B-L 62.0 
934-C-U 69.5 
934-C-L 73.5 
934-D-U 81.0 
934-D-L 85.0 

46.7−91.7 May 20, 1998 June 03, 1998 14 

935-A-U 54.0 
935-A-L 58.0 
935-B-U 65.5 
935-B-L 69.5 
935-C-U 77.5 
935-C-L 81.5 
935-D-U 89.0 
935-D-L 93.0 

52.7−92.7 June 03, 1998 June 17, 1998 14 

944-A-U 88.0 
944-B-U 93.0 
944-C-U 98.0 
944-D-U 103 

87.1−107 June 17, 1998 June 30, 1998 13 

932-A-U 116 
932-B-U 121 
932-C-U 126 
932-D-U 131 

115−135 June 30,1998 July 22, 1998 22 

938-A 44.5 
938-B 56.5 
938-C 78.0 
938-D 94.5 

43.3−98.3 October 28, 1998 February 25, 1999 120 

ft BTOC = ft below top of casing. 
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Table 2. Analytical Results of DMLS Sampling 

DMLS 
Sample 

No. 

Depth 
(ft) 

Alk 
(mg/L) 
CaCO3 

EC 
(µmhos/cm) 

Eh 
(mV) pH Mo 

(µg/L) 
NO3 

(µg/L) 
Se 

(µg/L) 
SO4 

(µg/L) 
U 

(µg/L) 

938-A-U 44.5 2 0.051 145 5.74 <01.0 442 <1.0 554 <1.0 
938-A-L 48.5 NA NA 117 5.03 1.1 827000 48.0 328000 229 
938-B-U 56.5 662 6010 151 6.69 <1.0 1410000 50.0 1910000 164 
938-B-L 60.0 NA 6120 130 6.67 <1.0 1320000 41.5 1940000 196 
938-C-U 78.0 801 6150 120 6.74 <1.0 1270000 36.2 1990000 214 
938-C-L 81.5 813 6130 114 6.70 <1.0 1260000 35.7 2030000 218 
938-D-U 94.5 822 6100 110 6.69 <1.0 1260000 35.9 2020000 215 
938-D-L 98.5 803 6120 97 6.74 <1.0 1270000 36.0 2020000 211 
934-A-U 47.5 0 1061 94 4.99 <1.0 244 <1.0 509 <1.0 
934-A-L 51.5 0 NA 63 4.81 <1.0 325 <1.0 522 <1.0 
934-B-U 58.0 1244 12670 40 6.63 2.1 2440000 10.8 7520000 262 
934-B-L 62.0 1236 12510 1 6.73 1.7 2320000 10.6 7750000 288 
934-C-U 69.5 1292 12720 −9 6.80 2.3 2330000 10.8 7850000 288 
934-C-L 73.5 1289 12610 −13 6.81 2.1 2320000 10.5 7770000 284 
934-D-U 81.0 1353 12630 −28 6.91 3.4 2330000 10.8 7800000 283 
934-D-L 85.0 1342 12690 −26 6.87 3.1 2310000 10.6 7850000 279 
935-A-U 54.0 493 576 125 6.26 <1.0 537000 19.7 2830000 157 
935-A-L 58.0 526 5960 119 6.38 <1.0 556000 23.0 2860000 149 
935-B-U 65.5 552 5830 119 6.49 <1.0 574000 25.6 2950000 141 
935-B-L 69.5 556 6100 112 6.47 <1.0 586000 25.1 2960000 151 
935-C-U 77.5 559 6020 104 6.42 <1.0 588000 25.6 2930000 150 
935-C-L 81.5 564 5970 102 6.26 <1.0 588000 25.8 2950000 147 
935-D-U 89.0 575 6060 86 6.42 <1.0 585000 26.1 2930000 149 
935-D-L 93.0 494 6000 75 6.46 <1.0 587000 26.0 2940000 149 

944-A-U 88.0 524 6840 121 6.42 <1.0 50800 31.6 2020000 648 
944-B-U 93.0 524 8510 119 6.86 <1.0 53200 45.5 2010000 1010 
944-C-U 98.0 548 8460 100 6.62 <1.0 53900 46.5 1940000 1020 
944-D-U 103 549 5600 104 6.98 <1.0 36500 47.2 1940000 1060 
932-A-U 116 91 364 55 6.98 2.5 17500 1.3 24400 6.2 
932-B-U 121 98 344 31 7.21 1.2 9830 <1.0 23700 7.7 
932-C-U 126 99 339 40 7.24 2.4 8010 <1.0 21500 5.9 
932-D-U 131 119 573 35 7.32 <1.0 64400 <1.0 66000 6.9 
938-A 44.5 470 7650 216 6.97 <1.0 2070000 154 2610 190 
938-B 56.5 709 6330 201 6.81 <1.0 1520000 64.4 2090000 193 
938-C 78.0 786 6170 165 6.86 1.4 1420000 51.6 2140000 222 
938-D 94.5 810 6170 146 6.89 <1.0 1410000 51.6 2050000 226 
µmhos/cm = micromhos per centimeter 
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Figure 1. Well Location Map 
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Figure 2. DMLS Assembly 
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Figure 3. Concentration of Selected Constituents versus Depth at Well 938 
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Figure 4. Concentration of Selected Constituents versus Depth at Well 934 
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Figure 5. Concentration of Selected Constituents versus Depth at Well 935 
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Figure 6. Concentration of Selected Constituents versus Depth at Well 944 
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Figure 7. Concentration of Selected Constituents versus Depth at Well 932 
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