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Figure 1: Modes of Arsenic Release Into Well Water

1) Directly drawing from zone with arsenic bearing minerals
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2) Grout and casing compromised by acid conditions
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about the scientific validity of WDNR's well construction guidance grew. This discovery made it
evident that additional research on well construction techniques would be necessary to attempt to
determine why some wells appeared to fail after following the WDNR’s guidance. As a result, the
WDNR decided to conduct a follow up research study that would include re-sampling wells that had
previously participated in the Study of Well Construction Guidance for Arsenic Contamination in
Northeast Wisconsin, and adding additional wells (prompting this study). Since it had become apparent
that the town of Algoma was facing greater problems, the study focused on wells in that area.

Figure 2 shows a diagramatic depiction of this evolution.

Figure 2: Chronology of Arsenic Research and Guidance

Arsenic in Wisconsin Wells

Arsenic first identified in Winnebago County. Additional reports
of high levels in Outagamie and Winnebago Counties.

DNR arsenic study in private wells, several northeast Counties.

Construction recommendations for new wells in “Arsenic Advisory Area”
(part of Outagamie & Winnebago Counties).

WDNR, DHFS and County Health departments sponsor Townbased
sampling of 3600 wells. Sampling is ongoing.

“Special Well Casing Depth Areas” established with stringent new
requirements for new well construction in:

the western suburban fringe of the City of Oshkosh (2002)

an area near the center of the Town of Greenville (2003)
portions of the Town of Grand Chute and Town of Center (2003)
the entire Town of Clayton (early 2004)

“Special Well Casing Pipe Depth Area” requirement established for
Outagamie and Winnebago Counties.





































in the arsenic level over time nor had there been any seasonal variation in these wells during the earlier
study. This accounts for the larger number of wells in the <10 ppb category during the Fall of 2000 and
the Spring of 2002 sampling events.

Figure 3: Seasonal Variations of Arsenic Levels
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4.3 Effect of Time on Arsenic Level

Wells sampled in this study did not show a significant change (increase) in arsenic concentrations over
time. In order to expand the sample size and make the analyses more meaningful, sample data from the
1998 Weissbach et al study were included in this analysis. The 4 samples from the 1998 study were
averaged and a standard deviation was applied, and the 5 samples from the 2002 study were also
averaged and a standard deviation was applied. Table V shows that 5 of the wells (42%) decreased over
time, 2 wells (17%) increased, and 5 wells (41%) did not change significantly enough to note as a
change. Of the 5 wells that decreased, 2 had relatively significant decreases (35 and 30%), while the
other three were quite small. Based on this information, it does not appear that there is a trend toward

increasing over time, at least not amongst these wells that were included in this study. There are many
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variables related to changes in arsenic levels over time, so it is difficult to ascertain exactly why these

changes occurred for each well.

Variations in results - cases where the level seems to peak and then decrease again - could be explained
by a simple case of sample collection error or lab error. In some cases the arsenic could be attached to
the plumbing and happens to be released at the time when the sample is collected, which would not be
entirely representative of the overall water quality. This idea is corroborated by evidence found in the
plumbing at one home in the own of Algoma (WUWN 1G602) where the well had been replaced due to
extremely high arsenic levels and then after replacing the well it continued to have arsenic levels above
the standard. The sludge from a section of pipe at this property was analyzed by the WI State Lab of
Hygiene, and was found to have high arsenic (6% of volume by weight). This has been seen in other

wells as well.

Table V: Change in average arsenic levels over time (analyses of sampling data from 1998 and 2002-04

studies)
ARSENIC CONCENTRATION (ppb)

WUWN | Avg98 | Std Dev98  Avg 02 Std Dev 02 +/-
FP 834 5.6 0.8 1.0 1.2 -4.6
ID 574 51.3 11.1 21.1 16.6 -30.1
FP 851 1.4 0.6 1.2 2.4 -0.3
HO 248 2.8 0.9 2.2 0.4 -0.6
ID 532 353 7.4 ar7.6 4.6 2.4
HN 392 2.6 0.4 4.0 0.8 1.4
HL 209 61.7 8.1 26.7 2.4 -35.0
KL 509 0.5 0.6 0.4 0.5 -0.2
HK 462 32.0 2.9 28.4 2.2 -3.6
HL 480 4.1 272 0.7 1.0 -3.4
IG 250 0.5 0.6 0.0 0.0 -0.5
HY 713 10.0 0.9 13.3 1.3 3.8

Std Dev: Standard Deviation

4.4 Physical Testing Results

Three wells were selected for physical testing. These were all replacement wells that were constructed
according to the current DNR guidance, which meant they all had a minimum of 80 feet of casing
through the StP. These wells will be referred to as King Well, located in the town of Algoma; the
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Table VI Comparison of wells / arsenic results based on most recent (2004) WDNR recommendations

(excluding casing depth)

Method Arsenic Level: | Arsenic Level:
% <10 ppb % >10 ppb
%
Lifting cutings | Wash Rotary 83 17
Tremie Grouting vs. 39 61
Grouting Bradenhead Grouting 92 8
Sodium Hypochlorite * vs. 81 19
Calcium Hypochlorite 72 28
Disinfection | Sodium and Calcium Hypochlorite 67 33
Light (<100ppm) Sodium Hypochlorite | 93 7

* Drillers use a variety of disinfection methods and volumes. Sedium hypochlorite (liquid bleach) typically represents ~ 250-500 ppm
chlorine solution. Calcium hypochlorite (dry bleach) means 2-4 handfuls of pellets, ~ 500 ppm of chloride solution. The sodium and

calcium represents drillers who use both types of hypochlorite, ~700 ppm chloride solution.

S. Conclusions

As stated previously, there were four objectives for conducting this study. Following is a statement of

the objective and a summary of the conclusion for each objective.

Objective #1: Is current WDNR guidance having the intended results of reducing arsenic levels in
private wells?

In evaluating the sampling results, there was generally not a greater success rate for wells that had 80
feet of casing into the StP than there were for wells that did not follow the guidance. It did appear that
the level of arsenic in the two very deep cased wells that were drilled or reconstructed through the StP
and draw water from the Cambrian Sandstone, and the two wells that were shallow cased and draw
water from the Galena Platteville limestone, remained low throughout the study period. These findings
are consistent with the WDNR’s newest (2004) guidance (Appendix G) which recommends drilling

wells to draw water from an aquifer other than the StP.

Objective # 2: Are there seasonal variations in arsenic levels?
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There has been anecdotal evidence that suggests that arsenic levels may change with the seasons,
specifically would be higher during the autumn months. There does not appear to be a consistent
pattern of seasonal variation in arsenic levels in the wells sampled in this study. Further study is
probably not warranted, since this is a health issue and thus slight seasonal fluctuations are really of

little consequence in the overall picture of arsenic mitigation or avoidance.

Objective #3: Do arsenic levels in individual wells increase over time?
All three tables showing the results address this question, particularly Table 111 since it includes data
going back to 1997. While results did fluctuate for each well, the wells sampled during this study did

not show a pattern of significant increases over time. This was true for all wells, including those from

the Weissbach e al 1998 study which were re-sampled as part of this study. However, WDNR staff
(O’Connor, Heinen, Johnson, Paplham) have seen significant increases in other wells which were not
part of this study. It is believed that a complex set of factors may trigger geo-chemical processes which

result in dramatic increases in arsenic levels in individual wells.

Objective # 4: Are wells constructed according to guidance failing because of casing failure?
The limited physical testing conducted on the casings of 3 failed replacement wells was not conclusive

in determining why these wells failed.

Statistical Analysis

In general, the variations in sampling results that occurred made a formal statistical analysis of the
results difficult, and not particularly meaningful. It is known that arsenic levels can vary from day to
day, even hour to hour, and from one well to another with similar geology, age, and well construction.
This variability, driven in part by the complexity of the geology, well usage, and geochemical triggers,
adds to the complexity of the arsenic problem. It is why homeowners in areas where arsenic is known

to exist are urged to sample their water regularly.

6. Recommendations

1. Based on these findings and other current information (see the arsenic page on the WDNR website

at http://www.dnr.wi.gov/org/water/dwg/arsenic/index.htm to stay informed of recent findings and

policy) it is our recommendation that well drillers follow the most recent (2004) WDNR’s guidance
to drill wells that avoid drawing water from the StP, as shown in Appendix G. The most important

result of this study and its conclusions is that it provides support for WDNR’s recent and on-going
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