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Abstract. Shock chlorination is used for rapid disinfection to control pathogens and nuisance bacteria in do-
mestic wells. A typical shock chlorination procedure involves adding sodium hypochlorite in liquid bleach
solutions to achieve concentrations of free chlorine of up to 200Thgrithe standing water of a well. The
change in pH and oxidation potential may bring trace metals from aquifer materials into solution and chlorine
may react with dissolved organic carbon to form disinfection byproducts. We carried out experiments with
four wells to observe and determine the persistence of increased concentrations of metals and disinfection
byproducts. Water samples from shock chlorinated wells were analyzed for Pb, Cu, As, radionuclides and
disinfection byproducts (haloacetic acids and trihalomethanes), immediately prior to treatment fiafiensu
treatment time with chlorine had elapsed, and at intervals determined by the number of casing volumes purged,
for up to four times the well casing volume.

Elevated concentrations of lead and copper dissipated in proportion to free chlorine (measured semi-
quantitatively) during the purging process. Trihalomethanes and haloacetic acids were formed in wells during
disinfection. In one of two wells tested, disinfection byproducts dissipated in proportion to free chlorine during
purging. However, one well retained disinfection byproducts and free chlorine after 4 WV had been purged.
Although metals returned to background concentrations in this well, disinfection byproducts remairied ele-
vated, though below the MCL. This may have been due to well construction characteristics and interactions
with aquifer materials. Simple chlorine test strips may be a useful method for indicating when purging is
adequate to remove metals and disinfection by-products mobilized and formed by shock chlorination.

1 Introduction adding sodium hypochlorite solution directly to a well fol-
lowed by mixing and a resting period of 12-24h. The
Shock chlorination is an in-situ method for disinfecting wa- chlorinated water must be purged prior to resuming use.
ter wells contaminated with pathogens and nuisance bacteRecommendations for the amount of purging vary signifi-
ria. Much guidance is available for treatment of domesticcantly, with Schnieders (2005) recommending 10-20 well
wells (e.g. Schnieders, 2005; Driscoll, 1986) duttgh;// www. volumes, and University of Ohio Cooperative Extension and
unce.unr.edipublicationgfiles'nr/2006FS0668.pdf last ac-  others recommending purging until water no longer smells
cessed April 2010). The guidelines recommend CT val-of chlorine fittpy/ohioline.osu.ediaex-fact0318.htm) http:
ues (free chlorine concentratiorsesting time of the so- //srwgis.tamu.edimedia2553shockwells.pdflast accessed
lution) that are very high relative to those used for pub- April 2010). Cooperative Extension is part of the land-
lic water supply treatment, which is appropriate given thatgrant system of universities throughout the United States. In
treatments occur sporadically, usually in response to permost states, Cooperative Extension maintaifise@s in each
ceived problems with water or the health of those who con-county seat in a state. Specialists and educators based in each
sume water from a well. The procedure typically involves county provide advice and information on a wide range of
topics, including management and treatment of private do-
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Table 1. Well characteristics and water physical and chemical characteristics immediately prior to shock chlorination; DTW is depth to
water from the land surface, WD is total depth of the well, Static vol. refers to the standing volume of water in a well after water level
recovery following the end of pumping. The measurements reported are also referred to as IP (Initial Purge) in Table 4. Initial Purge refers
to purging prior to treatment, to replace water stored in the casing with water from the surrounding saturated formations. Well diameter, case
material, depth to water from the land surface and well depth were recorded at each site. The screened interval length was obtained from
well logs available on the Nevada Division of Water Resourbépf/water.nv.goy, last accessed April 2010).

US fish and wildlife Well dia Case DTW from WD from Screened interval Static vol.
service site designation material land surface land surface length
(year finished) cm (in) m (ft) m (ft) m (ft) I (gal)
182 (1975) 15 (6) PVvC 3.4 (11.1) 9.4 (31.0) 4.6-7.9 (15.0-26.0) 110.6 (29.2)
167N (1996) 15 (6) Steel 2.4 (8.0) 9.0 (29.6) 8.2-9.1 (27.0-30.0)  120.0(31.7)
51 (1994) 15 (6) Steel 1.7 (5.5) 20.4 (67) 18.9-20.4(62.0-67.0) 171.2 (45.2)
142 (1993) 15 (6) Steel 3.6 (11.8) 8.1(26.7) 6.4-7.9 (21.0-26.0) 84.8 (22.4)
US fish and wildlife pH Temperature  Conductivity — Oxidation-reduction Bleach added Treatment
service site designation potential duration

°C mS cnt! 10\ [ (gal) ()
182 8.50 14.9 0.740 not taken 1.0(0.3) 20h
167N 7.14 16.9 0.345 114 1.1(0.3) 15h
51 7.27 15.57 0.454 270 1.5(0.4) 24h
142 7.67 16.86 2.093 -123 0.7 (0.2) 17h

The odor threshold for chlorine gas in air is approximately 2008). Both lead and arsenic have toxicologicfitets,
0.3mgL! (Amoore and Hautala, 1983). The relationship with an Action Level and Maximum Contaminant Level of
between the amount of chlorine degassing from a solutionc15ug L~ and 1Qug L2, respectively.
and the amount that can be detected by smell varies, depend- This paper describes the changes in concentration of Pb,
ing upon the individual sensitivity and the degassing rate,Cu, As, U, grossr and grosg radiation, HAA5, THM,
which is in turn related to mixing dynamics within a water and free chlorine (semi-quantitatively measured) from shock
body, contact time, temperature of water, and changes in temehlorination of four domestic water wells. The study also
perature and barometric pressure. Because of these seveslught to demonstrate that simple test strips for semi-
factors, guidelines about purging based on scent are subjecruantitative measurement of concentration of free chlorine
tive and the consistency anffieacy of application may vary (used for pool and spa maintenance) indicates when purg-
considerably between people. ing has returned concentrations of metals and disinfection

Aqueous chlorine (as hypochlorite ion and hypochlorousbyproducts to pre-treatment background levels. Test strips
acid) cleaves carbon-carbon bonds in organic molecules téhay be a better indicator than the scent of water that post-
form two classes disinfection byproducts (DBPs), haloacetictreatment purging is complete, because they provide a semi-
acids (HAAs) and trihalomethanes (THMs) (Westgfhet ~ quantitative indicator of total chlorine concentrations.
al.,, 2004). HAAs and THMs include carcinogenic or-
ganic compounds and have Maximum Contaminant Lev-
els (MCLs) of 0.060 mgLt! for HAA5 (the sum of con-
centrations of monochloroacetic acid, dichloroacetic acid,
trichloroacetic acid, monobromoacetic acid and dibro-

moacetic acid) and 0.080 mgt for total THM, as spec-  Four wells (Table 1) were selected in the Lahontan Val-
ified in the Stage 1 DisinfectariBisinfection Byprod- ey in Nevada (Fig. 1). Each well was used for domes-
ucts Rule (40 CFR, Parts 9, 141 and 14Bjtfy/water.  tic supply prior to being retired for water right acquisition
epa.goydrink/contaminantsndex.cfm#Byproductslast ac-  py the US Fish and Wildlife Service within the Stillwa-
cessed August 2010). Trihalomethanes include chloroformier National Wildlife Refuge. Three were cased with steel
bromodichloromethane, dibromochloromethane, and bromoasTM A135 SCH40 ERW low-carbon steel, based on in-

form. spections at the sites) and one was cased with polyvinyl

Shock chlorination may also increase the concentrationghloride casing (specifications unknown). These wells were
of lead and other trace elements following treatment (Seilerchosen for two reasons. First, they conformed to stan-
2006) and change arsenic concentrations (Gotkowitz et al.gdards and practices commonly used for domestic water well

2 Methods and materials

2.1 Study site
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Figure 1. Location of study area, with locations of test wells indicated in circles.

construction and had well logs available through the Nevadaas 2100mgL! (Walker et al., 2005)) and uranium (as
State Engineer'sfice. Second, because they were no longermuch as 290 mgt! (httpy/www.atsdr.cdc.gg¥HAC/PHA/

in service we did not run the risk of exposing people to fallonleukemiaZfin_p1.html last accessed April 2010) from
metals or disinfection by-products released or created bycontact with sediments and from long-term evapoconcentra-
shock chlorination. Well logs for each indicated that the tion (Welch and Lico, 1998). Depth to water (DTW) in the
exteriors of screened intervals on the casing were packefbur wells ranged from 1.7 to 5.5m (5.5 to 18.0 ft) with total
with gravel for wells 182 (PVC-cased), 167N (steel-cased)well depth ranging from 8.0 to 9.5m (26.7 to 31.0ft) (Ta-
and 142 (steel-cased). The construction log for well 51ble 1).

(steel-cased) contained incomplete information about how

the screened interval was finished. The wells pumped Was 5 \vell treatment and purging
ter from a stratum of Quaternary valley-fill sands in the in- =

land terminus of the Carson River from depths of less thana 1, horsepower portable jet pump fitted with a 7.6 m (25 ft)
15m (50ft) from the land surface. Infiltration from irriga- |ong, 1.9 cm (0.75in) interior diameter suction line was used
tion and the Carson River has been identified as the maifior each trial. The pump and suction line were rinsed with
source of recharge (Glancy, 1986). Although the groundwadjistilled, deionized water between uses and allowed to air
ter system in the Lahontan Valley is nominally comprised dry. Each well was chlorinated and purged as a separate ex-
of three geochemically separated systems (shakkd®2m  periment, to avoid cross-contamination of wells. The pump
(50ft) from the land surface); intermediate (15252.4m  had a fiberglass-reinforced thermoplastic housing and im-
(50—<152.4ft); deep ¥152.4m £500ft)), aquifer material  peller, with Buna-N seals and ceramic bearings. The out-
composition, yields and chemistry vary highly throughout flow line was fitted with a GPI electronic inline flow me-
the region (Glancy, 1986). Water in the aquifer has highter, a flow control valve, and a tee that divided flow be-
but Spatially variable concentrations of arsenic (as mucnween a discharge hose and a f|ow-through chamber for
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Table 2. Sampling intervals used, with associated chemical constituents measured.

Sample type Initial Purge  Post-Chlorination  Post-Chlorination Purging Final
(IP) (PC) (PCP, fot/s, 1, 2, (4F: 4 well
and 3 well volumes) volumes purged)

grossa, grossB, Uranium v vV vV

Metals (Cu, Pb, As) v vV vV v

HAAS5, THM (wells 142 and 182) v v vV

Total Organic Carbon (wells 142 and 182) v

Chlorine Test Strips v v v

a YS| mOdel 596MPS (Yel!ow Springs Instruments, Yel- Table 3. Methods used for sample analysis. “EPA’ refers to a stan-

low Springs OH), for real-time measurement of tempera-garqy analytic method published by the US Environmental Protec-

ture (T (°C)), pH, oxidation-reduction potential (ORP (mV)), tion Agency (available ahttp;/www.epa.goysanfindex.htm last

and conductivity (C (mScnt)). The multi-probe was cali-  accessed April 2010), used by the Nevada State Health Laboratory.
brated immediately prior to each stage of field trials, using“SM” refers to standard method 5310 C (Persulfate-ultraviolet or

pH 4.00, 7.00 and 10.00 standards (Fisher Scientififeddu  Heated Persulfate Oxidation Method), published in Standard Meth-
Pac, Cat# SB105), a conductivity standard (1000 mSicm ods for the Examination of Examination of Water and Wastewater

at 25°C (Yellow Springs Instrument Co. Cat #3167) and (Clescerietal., 1998). Total Organic Carbon samples were analyzed
an oxidation-reduction potential reference solution (Equipco“s'ng a Shimadzu Spectrophotometer at the University of Nevada.

Inc., part #3682500).

Prior to conducting trials, each well was purged of stag- Analyte Method  Analytic detection
nant water at a rate of 9.5 to 18.9 liters per minute (2.5 to limits (mgL™)
5.0 gpm) until temperature, pH, ORP, and conductivity read- Copper EPA 200.7  0.020, 0.050
ings stabilized €5% variation in continuous readings), then  Arsenic, Lead, Uranium EPA 200.8 0.003, 0.002, 0.002
purged an additional four times the well’s standing volume grosse, grosss EPA900.0 3pCiL!
of water. The standing well volume (WV) was estimated as THM EPA524.2  0.005
WV = Hx A, with H as the measured height of the water col-  HAAS SM6251B  0.001

TOC SM 5310C 1.0*

umn in the well after the level stabilized following pump-

ing and A as the cross sectional area of the interior of the _ o _ _ _ _
* The analytic detection limit is based on linear regression analysis of the calibra-

well CaSing- Using this as a basis for purging fOHOWing treat- ton curve, conducted with three replicates each of 4 standards, ranging from 0.274—
ment difers from the dynamic well volume, which represents 20.270mgL*.

the steady state water level achieved during pumping. This
differs from the static water level due to drawdown during ) ,

pumping. The water levels used as a reference in this papdion- Wells were re-capped for a resting period of at least
are standing well volumes (WV), which do not reflect the twelve hours.

influence of pumping. Pre-chlorination (designated as IP)

water samples for all wells were collected for As, Cu, Pb, U,2.4 Sampling

grosse and grosg radiation, total organic carbon, and for a Immediately prior to and during purging temperature, pH
steel-cased well and a PVC-cased well, water samples were N

collected for HAA5 and THM analyses. Table 1 presents IPOX|dat|on—redupt|on po_tennal, anq conductlwty were mea-
o : sured. Immediately prior to purging post-chlorination (PC)
conditions in each well.

samples from all wells were tested for As, Cu, Pb, U, and
grosse and grosg3 radiation. Samples from two wells (142
2.3 Shock chlorination and 182) were tested for disinfection byproducts (HAAS and
THM). All metals and disinfection by-products samples were
Following initial purging, each well was chlorinated to an es- collected using a PTFE dip bailer.
timated 200 mg L* as total Cl using household bleach (un-  Post chlorination purging samples were collected for As,
scented, regular strength Clof®xabeled as containing 6% Cu, and Pb atintervals defined by the volume of water purged
sodium hypochlorite (NaOCI), which is 64.6% CI by mass) from each well, includindf, 1, 2, 3, and & WV (designated
by adding 8.9 ml (0.3 fl 0z) bleach per liter (0.26 gallons) of as ¥2, 1, 2, 3, 4). After 4 WV, samples were collected for As,
well volume (Table 1). Pump discharge was circulated backCu, Pb, U, gross and grosg radiation, HAA5 and THM
into the well casing for 15 min to disperse bleach into solu- (Table 2).
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Table 4. Physical and chemical characteristics of water in test wells observed during post-chlorination plirgerggeratureC: conduc-
tivity, ORP: oxidation-reduction potential, ND: not measured). Final column displays the percerffagende between values at IP (prior
to chlorination) and post-chlorination, with 4 well volumes purged.

Well volumes purgeeb 0 12 1 2 3 4 (IP-4)1P%
182 (discharge rate 14.4 liters per minute (3.8 gpm))

T (°C) 16.7 15.7 157 15.7 15.6 15.7 5%
C (mScnth) 068 049 056 056 054 055 -26%
pH 797 757 770 752 747 758 -11%
ORP (mV) 772 817 810 827 837 828 no IP

167N (discharge rate 18.9 liters per minute (5.0 gpm))

T (°C) ND 171 171 171 17.1 17.1 1%
C (mScntt) 212 123 053 045 042 0.44 27%
pH 8.78 838 7.82 756 7.27 7.51 5%
ORP (mV) 732 787 793 783 791 777 581%
51 (discharge rate 14.6 liters per minute (3.9 gpm))

T (°C) 16.4 148 150 15.1 15.3 15.2 -3%

C (mScnt!) 195 1.07 1.08 079 0.1 0.77 70%
pH 8.65 8.8 8.5 8.27 8.41 8.42 16%
ORP (mV) 867 957 962 956 831 586 117%
142 (discharge rate2.5 liters per minute (0.7 gpm))

T (°C) 224 167 16.7 16.6 16.6 166 -2%

C (mScnt?) 226 164 207 204 1.97 1.94 7%

pH 8.56 8.48 8.13 7.71 7.74 7.73 1%
ORP (mV) 704 719 719 -109 -124 -124 1%

All samples were unfiltered. Samples were collected, im-curacy of the strips using dilutions of sodium hypochlorite
mediately placed in a portable cooler with blue ice to avoid solution and determined that they were adequate for distin-
exposure to sunlight and changes in temperature and sulguishing between the classes noted above (data not shown).
mitted within 24 h to the Nevada State Health Laboratory
(University of Nevada School of Medicine, Reno, NV — a
certified drinking water analysis laboratory) for analysis (Ta-
ble 3). Samples for arsenic, copper, lead and uranium were .
collected in 500 ml high density polyethylene bottles with 3:1 Conductivity,
5.0 ml of 15% nitric acid as a preservative in containers pro- temperature

vided by the laboratory. After sample collection, the final pqst-chiorination conductivity measurements were elevated
concentration of nitric acid was 0.15% nitric acid. from initial values, and returned to near initial values follow-
ing purging 4 WV (Table 4). pH rose in wells 167N and 51
and decreased slightly in wells 182 and 42. Increases in pH
conform to observations that concentrations of chlorine of
Free chlorine was measured semi-quantitatively with test200 mg L=* can be expected to increase pH by up to two units
strips for swimming pool and spa maintenance (Arch Chem-(Schnieders, 2005). Oxidation-reduction potential increased
icals, Inc. — HTH line). The test strips indicated free chlo- above pre-chlorination levels in all wells, as would be ex-
rine concentrations in ranges rather than absolute numbergected with the addition of an oxidizer. Water in well 142
similar to pH indicator strips. In order to determine the returned to background levels for temperature, pH, conduc-
range, a user dips the strip in a solution and compares coltivity, and oxidation-reduction potential after four WV had
ors appearing in segregated rectangles with a key. Thdeen purged, though measurements from the other wells in-
ranges reported include undetectable (indicated as O on thdicated that 4 WV of purging was notfigient to return to
test strip), >0-1mgLt, >1-2mgLt, >2-3mgL!, >3-  background conditions (Table 4). The oxidation-reduction
5mgL?, >5-10mgLt! and>10 mg L. We tested the ac- potential in wells 51 and 167 remained above background

3 Results and discussion

pH, oxidation-reduction potential and

2.5 Chlorine test strips
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6 M. Walker and J. Newman: Metals releases and disinfection byproduct formation in domestic wells

Table 5. Trace metal concentrations from pre-treatment (PT) through purging, expressed in number of well volumes pumped. The Maximum
Contaminant Level for arsenic is 0.010 mg'L Action Levels for lead and copper are 1.3 and 0.015 rig kespectively. Samples that
contained analytes in concentrations less than the reporting limit (RL) are reporteR@a3 The reporting limit for lead varied according

to results of internal laboratory quality control assessments and chemical quality of water samples.

Well volumes purged

Metals (mg L?) PT 0 1 1 2 3 4

182

Arsenic 0.020 0.016 0.016 0.020 0.021 0.021 0.021
Copper <0.02 0.04 <002 <002 <0.02 <0.02 <0.02
Lead <0.001 0.011 0.001 <0001 <0.001 <0.001 <0.001

Cl <1 >10 >10 >10 >10 >10 >3-5
167N

Arsenic 0.019 0.024 0.018 0.019 0.019 0.019 0.019
Copper <0.02 0.03 0.04 <0.02 <0.02 <0.02 <0.02
Lead <0.001 0.013 0.008 <0002 <0.001 <0.001 <0.001

Cl <1 >10 >10 >10 >3-5 >2-3 >1-2

142

Arsenic 0.580 0.440 0.460 0.750 0.620 0.590 0.600
Copper <0.02 <0.02 0.02 <0.02 <0.02 <0.02 0.02
Lead <0010 0.010 <0010 <0.010 <0.010 <o0.010 0.010

Cl <1 >10 >10 <1 <1 <1 <1

51

Arsenic 0.410 0.390 0.380 0.410 0.460 0.460 0.460
Copper <0.02 0.08 0.08 0.06 <0.02 <0.02 <0.02
Lead 0.003 0.022 0.016 0.012 0.003 0.002 0.003
Cl <1 >10 >10 >10 >1-2 <1 <1

levels, though temperature and pH wer#6% of starting  to four-fold following treatment. Concentrations of both de-
values. This suggests that the oxidizingeets of chlorina-  creased to initial levels within 2 WV of purging. The return
tion led to short-term changes in the immediate vicinity of to background levels corresponded with the decline in free
the well screen or that were stagnant zones within the wellchlorine to>3-5mg L-! (Table 5).

which would have required more purging to eliminate. All wells contained arsenic in concentrations that ex-
ceeded the MCL (0.010 mg't) prior to treatment. The de-
cline in arsenic concentration in the chlorine solution prior
to purging was similar to results reported by Gotkowitz et
Decreases of free chlorine concentration were hypothesizedl. (2008) and would be expected with the observed changes
to be an indicator of purging of mobilized trace metals andpH and oxidation-reduction potential. However, the decline
disinfection byproducts. The concentration of free chlorinewas followed by an increase in arsenic above background
decreased in wells 51, 167N and 142-tb-2 ppm free chlo-  levels during pumping. After 4 WV, water from one well
rine after 4 WV were pumped (Table 5). Site 182 requiredreturned to initial arsenic concentrations, while the others re-
that 5 WV be purged before free chlorine decreased3e mained 3—12% higher than initial concentrations.

5 ppm (data not shown).

3.2 Chlorine concentration

3.4 Uranium and radionuclides

3.3 Mobilization of trace metals .
Samples were analyzed for uranium and gressid grosg

Concentrations of lead and copper in well water increasedadionuclides (Table 6). Uranium concentrations increased
following shock chlorination, which corresponds with results at sites 51 and 142 but remained the same or decreased in
reported by Seiler (2006). Lead concentrations increasedvells 167N and 187. Concentrations returned to approxi-
up to thirteen-fold and copper concentrations increased upnately the same as starting levels in all wells after purging 4
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Table 6. Uranium, gross¥ and gros$ results for three stages Table 7. Total Organic Carbon (TOC) concentrations following ini-
of treatment: IP (prior to chlorination), PC (post chlorination tial purging of test wells (IP), and HAAS and THM concentrations
but prior to purging) and 4 WV (after purging 4 well vol- following IP, post chlorination (PC) and after 4 well volumes (WV)
umes). The Maximum Contaminant Levels for uranium, gross-had been purged.

a and grosg are 3QugL™?, 15pCiLt and 4mremyr, re-

spectively, (seehttpy/www.epa.goysafewatefradionuclidegpdfs Site TOC HAAS THM
grg_radionuclides.pdflast accessed April 2010). (IP) (IP,PC,4 WV) (IP,PC,4 WV)
mgL* ugL™ ugL™
182 P PC 4wV 182 3.9 <1.0,101.0,128.0 <0.5,43.7,70.1
Uranium,ugL™t 32 22 35 142 151 <1.0,394.0<1.0 <0.5,747.0<0.5

grosse, pCiL™t 18 21 24
grossg, pCiLt 18 14 20

167N 4 Conclusions

UraniumuglL™ 13 13 13

grosse, pCiL™* 8 15 12 This study confirmed temporary mobilization and changes in

grossg, pCiLt 19 17 19 concentration of trace metals from shock chlorination treat-

142 ment, as previously reported by Seiler (2006) and Gotkowitz
et al. (2008). It also demonstrated that disinfection byprod-

UraniumpugL™ 560 620 580 ucts can be formed and can persist beyond 3 WV of purg-

grosse, pCiL™t 120 92 127 ing. The concentration of disinfection byproducts exceeded

grossg, pCiL™" 173 168 158 drinking water MCLs in the two wells tested. In one well,

51 concentrations decreased to below the detection limits for

HAAS5 and THM with purging. In the other, concentrations
of disinfection byproducts remained elevated, with final con-
centrations of THM and HAAS at highest levels after purging
4 WV. Metals, though mobilized by shock chlorination, de-
creased to near pre-treatment background levels after 4 WV
were purged in all wells.

WV. Grosse concentrations changed from the IP to PC sam- 1 1€ concentrations of DBP precursors and peak concen-
pling steps, increasing in wells 51 and 167N, decreasing irfrations of HAAS and THM dfered in the two wells sam-
well 142 and remaining approximately the same in well 182.Pled. Although concentrations of THM and HAAS were
Grossg concentrations remained approximately the same ifOWer in well 182, samples collected after 4 WV indicated
all wells at each sampling stage, with concentrations appearthat DBPs persisted. This may have been due fferinces

ing to decrease slightly between the IP and 4 WV samplings” well construction and interaction between chlorine solu-

The maximum change in grogsoncentrations was approx- 10Nns and aquifer materials. With respect to well construc-
imately—9% in well 142. tion, the depths of wells and depths to water from the land

surface for wells 182 and 142 were similar, but lengths of
screened intervals and static volume§ated (Table 1). The
screened interval in well 182 spanned 3.3m (11ft), com-
Total organic carbon (TOC) concentrations in wells 182 andpared with the screened interval of 1.5m (51t) in well 142.
142, collected prior to treatment, are shown in Table 7. Wa-Well 182 also had approximately 1.3 m of casing below the
ter from wells obtained after treatment, but prior to purg- screened interval, which may have served as a reservoir for
ing contained concentrations of THM up to ten times theresidual chemicals because volume exchange in this portion
MCL (Table 7). Following purging of 4 WV, concentra- of the casing would be fficult to accomplish with a surface
tions in well 142 decreased to below the detection limit, pump. The stagnant portion of well 182 may also have con-
indicating that the increase in concentration was temporaryiained sediments, which would have further prolonged re-
and could be remediated by purging 4 WV after treatment.lease of HAAS and THM into pumped water. In contrast,
Well 182 retained disinfection byproducts and free chlorine,screens in the other wells were mounted at the bottom of the
with the concentration of free chlorine (indicated by test casing. Although this does not assure that complete mix-
strips)>10 mg Lt after purging 4 WV. Testing for free chlo- ing took place throughout post-treatment purging, it is more
rine at the fifth well volume purged indicated a concentrationlikely that purging led to complete exchanges of water within
of >3-5ppm. the well casing than in well 182. It is also possible that dis-
infection byproducts formed within the saturated formations
immediately adjacent to the well screen.

UraniumugL™? 4 29 9
grosse, pCiL™t 13 43 16
grossg, pCiL™ 6 8 5

3.5 Total organic carbon and disinfection byproducts
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8 M. Walker and J. Newman: Metals releases and disinfection byproduct formation in domestic wells

Although well logs indicated that the screened intervalstermining when purging is complete, though this should be
were set in sands, well yields appeared to be vefigint  verified with further experimental work. This technique has
based on the discharge rates used for purging and drawdowribe potential to be a reliable guideline for public health of-
observed. In order to maintain a steady discharge rate fronficials and informal educators (including county-based edu-
well 142, the pumping rate was20% of the purging rate cators of Cooperative Extension), who provide advice about
used in well 182, even though lift distances from the wa- proper procedures for shock chlorination, especially when
ter table to the surface were slightly less for well 142 thanwell owners cannot measure discharge rates and discharge
well 182. This suggests that the saturated formations in thezolumes.
screened intervals pumped for well 142 were less permeable
than those in well 182, which in turn suggests that aquiferAcknowledgements. ~ This material is based upon work sup-
materials may have been composed of fine-textured soils inPorted by the National Institute of Food and Agriculture, US
cluding silts and clays. In the absence of significant advec-DePartment of Agriculture, under Agreement No. 2009-51130-
tive mixing, formation of disinfection byproducts beyond the 06048. Any opu_mons,_fmqlngs, conclusions, or recommendations
. . - - . expressed in this publication are those of the author(s) and do not
Immedlate well volume WO“'?' 'F’e !'m'ted to chemical disper- necessarily reflect the view of the US Department of Agriculture.
sion. In well 182, however, it is likely that a larger volume
of aquifer material was exposed to chlorine. This hypothesiszgited by: J. Verberk
is, in part, supported by the persistent indication of oxidizing
conditions in water withdrawn after purging 4 WV. A prior References
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a specific number of well volumes. Also, determining the
suficiency of purging by scent is subjective and may not be
consistent, especially with respect to avoiding exposure to
metals and disinfection byproducts. The use of chlorine test
strips shows promise as a simple and accurate means of de-
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