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Well #6 - ChlorinatioD Injection Pilot Program
Mountain Village, Big Sky, MT.

Dear Ron;

1 am writing in summary of the chlorination injection pilot program recently completed by Gaston
Engineering. Thank you to the Big Sky Water & Sewer District for their assistance in the success
of the program. This letter reviews how the program was conducted, along with recommendations
on how to implement the system as a permanent part of the water system.
The system was installed as follows:

•

Williams Plumbing and Heating was hired to install a gas chlorinating system into the 6"
ductile iron pipe stub that connects Well #6 to the dedicated 8" water main. A vault for the

n
n
n

flow meter was utilized for the installation.

A 1" tap existed on the 6" line in the vault and this tap was used as the injection point.
A 1" water line was connected from the tap to a 3.5 horsepower booster pump. This pump
increased the pressure of the water being injected into the main by approximately 90 psi.
This insured injection into the system.
Water was supplied to the booster pump via a 2.5" firehose connected to the fire hydrant at
the White Otter cul-de-sac.

The gas chlorinator injected gas into the 1" water line viaa venturi type ejector. This "EJ-1
HI/LOW PRESSURE EJECTOR/CHECK VALVE ASSEMBLY" creates a vacuum that

n

sucks chlorine gas from the chlorine tank at a feed rate regulated by the gas chlorinator.
The gas chlorinator included a feed rate indicator in "pounds of chlorine per day " which
allowed the feed rate to be adjusted.

n

n
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The program was implemented as follows:
November 9, 2001

•

The valve above the booster station was shut to prevent chlorinated water from entering the
distribution system.
Approximately 7:30 am - Well #6 was started and flowed out of the fire hydrant below the
booster station.

The flow of Well #6 was approximately 600 GPM.
, .. -It will take eight minutes for water from well #6 to enter the clear well (1600 L.F. of 8" DIP
at 550 GPM).
The clear well was approximately half full (assume 6000 gallons) and Pump #1 pumped

n

approximately 500 GPM. Therefore it will take 12 minutes for water to cycle through the

n

clear well.

•

This is a total of 20 minutes for water to travel from Well #6 to distribution.

n

Field samples were 1-6 sampled from fire hydrant below booster station (i.e. before diffused
into clear well).
:
9:08 am - Field sample #2 for H2S measured 0.55 ppm.
10:19 am - Field sample #3 for H2S measured 0.55 ppm.

n

12:34 pm - Chlorine gas injected at rate of 50 ppd (6.9 ppm).

n

n
n
n

n
rj

n
r

n
n

PPD (#/day) = GPM *0.012 * PPM

12:56 pm - Field sample #4 for H2S measured 0.00 ppm, Water smelled like chlorine.
1:14 pm - Flow from Well #6 was approximately 550 GPM.
1:15 pm - Chlorine injection rate adjusted to 20 ppd (3.0 ppm).
1:35 pm - Field sample #5 for H2S measured 0.00 ppm. No smell of H2S.
1:50 pm - Chlorine injection rate adjusted to 7 ppd (1.1 ppm).
2:25 pm - Field sample #6 for H2S measured 0.00 ppm. Slight smell of H2S.
Field samples 7&9 sampled from fire hydrant line above booster station (i.e. after diffusion).
2:32 pm - Field sample #7 for H2S measured 0.00 ppm. Slight smell of H2S.
2:45 pm - Chlorine injection rate adjusted to 13 ppd (2.0 ppm).
3:19 pm - Field sample #8 for H2S measured 0.00 ppm.
3:22 pm - Field sample #9 forH2S measured 0.00 ppm.
November 13, 2001

12:30 pm - Began flowing Well #6 out of hydrant above booster station.
All samples taken from fire line out of fire hydrant above booster station.
12:38 pm - Began to smell H2S in clear well.
12:43 pm - Field sample #1 for H2S measured 0.00 ppm
12:50 pm - Field sample #2 for H2S measured 0.50 ppm.
08 pm - Field sample #3 for H2S measured 0.55 ppm.
22 pm - Chlorine injection begun at rate of 20 ppd (3.0 ppm)
29 pm - Lab sample 'A' (bottle) taken for H2S. Should have no affect from chlorine.
54 pm - Field sample #1 for free CL measured 0.90 ppm.
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1:55 pm - Field sample #2 for free CL measured 0.90 ppm.
2:08 pm - Field sample #3 for free CL measured 0.90 ppm.
2:09 pm - Field sample #4 for H2S measured 0.00 ppm.
2:43 pm - Field sample #4 for free CL measured 1.0 ppm.
2:44 pm - Grant Burroughs of BSWSD #363 measured free CL = 1.12 ppm
2:55 pm - Lab sample 'B' (bottle) taken for H2S.
2:55 pm - Jim Muskat of BSWSD #363 also sampled for H2S.
3:04 pm - Chlorine injection rate adjusted to 30 ppd (4.5 ppm).
3:25 pm-Field sample #5 for free CL measured 1.5 ppm
3:35 pm - Lab sample 'C (bottle) taken for H2S.
3:41 pm - Chlorine injection rate adjusted to 40 ppd (6.0 ppm).
4:10 pm - Well #6 shut off and chlorine shut off.
4:19 pm - Field sample #6 for free CL measured 3 ppm.
4:20 pm - Lab sample 'D' (bottle) taken for H2S.
Lab results for the H2S samples were as follows:
Chlorination

Concentration

Concentration

Sample

Concentration

(Injected)

(Booster Station)

A

0.40 ppm
<0.04 ppm
<0.04 ppm
<0.04 ppm

0 ppm
3.0 ppm
4.5 ppm
6.0 ppm

1.1 ppm
1.5 ppm
3,0 ppm

B

C
D

n

0

The lab analysis used to measure H2S had a detection limit of 0.04 ppm. Please see enclosed report
from Montana Microbiological Services (MMS).

Recommendations for permanent implementation of chlorination system:

n
.

Chlorination

Hydrogen Sulfide

I

•

n
•

n
•

n

I

•

n

1

A source ofwater must be supplied to the booster pump. For permanent use, we recommend

performing another tap into the water main. This tap should be a 2" tap to insure adequate
supply to the booster pump.
A permanent structure should be built with proper ventilation and heating to house the
chlorine gas tank, chlorinator, booster pump and telemetry equipment. This structure could
easily be built adjacent to the electric panel near Well #6.
Telemetry and power may be supplied from the electric panel. Telemetry will initiate the
booster pump to begin whenever Well #6 begins. This will initiate the vacuum of chlorine
gas into the water being supplied by Well #6.
A 1" water line would be plumbed out of the structure and attached to the 1" tap in the flow
meter vault for Well #6. Please contact us if you need any help on the design of the system.
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Conclusions:

Gaston Engineering has consulted Energy Laboratories in Billings and Montana Microbiological
Services (MMS) in Bozeman about acceptable levels of Hydrogen Sulfide. Energy Labs supplied
us with documentation that states, "As little as 500 ppb ofH2S can turn groundwater foul." 500 ppb
equals 0.5 ppm. MMS has infoimed us that the Environmental Protection Agency coqsiders any
concentration under 0.5 ppm to be only an esthetic's issue. Furthermore, the EPA considers the odor
threshold for H2S to be 0.2 ppm. All laboratory samples had undetectable amounts of H2S in

them, meaning that there was less than 0.04 ppm of hydrogen sulfide. Public water supply must

^

contain a free chlorine concentration less than 3.0 ppm. All samples taken on November 13,-2001
contained a chlorine concentration equal to or less than 3.0 ppm.

'

^

Gaston Engineering has satisfied, on behalfof Boyne, USA, all requirements presented by the Big

'

Sky Water & Sewer District #363 in Section 3.AWater Sunnlv Wells 5&6 ofthe"AGREEMENT
FOR CONVEYANCE OF WATER TRANSMISSION MAINS, WATER BOOSTER STATION

^

AND WATER STORAGE TANK IMPROVEMENTS." This pilot program focused on only Well
#6, known to have a higher concentration ofH2S present. Due to the success ofthe program Gaston
Engineering is confident that water from Well #5 may be treated in a similar manner. However,

n

Well #6 alone suppUes enough water for the next twenty years of development based on agrowth
rate of 2.2%.

' I

Please notify us in writing should you require additional work to be conducted on this project. It is
our understanding that this pilot program has been completed successfully.

n
'

I

If you have any questions or concerns, please feel free to contact me. Thank you.
Sincerely,

n
fj

Gaston Engineering & Surveying, P.C.

By:

n
cc:

n

Todd C. Frehsee, E.I.
Engineer

Brian Wheeler, Boyne USA

Enclosure

r
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November 18.2001

CoryFrehsee E.I.
Gascon EngiDeering
P.O. Box 8f)l

n

Bozeman, Montana 39715

Dale Sampled; November 13,2001
Date Received; November 13,2001

n

n

Client Id.: Cascade Booster Station
MMSld.; 01113529ihra01115532

Analyses Requested: Sulfide
Analysis Results:

n

n

LOCATION

PARAMETER

RESULT

UNITS

F.H Hose After Booster (A)

Sulfide

0.4

mg/L

F.H. Hose After Booster (B)

Sulfide

<0.04

mg/L

F.H. Hose After Booster (C)

Sulfide

< 0.04

mg/L

F.H. Hose After Booster (D)

Sulfids

<0.04

mg/L

Detection Limit = {(O.OlmL X 0.023Nomial) X 1(3.01)0)/100 = O.OAmg/L
The sulfide concentrations were analyzed in accordance with "Standard Methods for the Examinittion of

Water and Wasiewatcr". 19'*' Edition. The meiliod iinpJeinented for ibis analysis wasmclliod 45iK) -S'"
lodometric Method. .All reagents used are less than 6 niontlis old and standardization ofthc iodine and
iblosuifate (itrants were performed just prior to analysis. The detection limit on this analysis is 0.04

mg/L. TheEP.A. eottsiderslevels less than 0.5 mg/L 10 be acc^table for domestic potable water. A
maximum contaminant level has not been established. The odor threshold for sulfide can be less than 0.2

mg/L. Tbis is an estheticproblem and nota he^ i^ue, ijidlcan easily be addressed byaeration or
oxidation.

Authorized Laboratory Signature:

Date: f* /f^ /o\

n

-

n
n
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Chlorination Pilot Project Review

Dear Ron,

As per your request, we have reviewed the December 17, 2001 letter report from
Gaston Engineering regarding "Wall #6 - Chlorination injection Pilot Program, Mountain
Village, Big Sky, MT.

A few years ago, we worked on a water supply well that produced water with a sulfide
concentration of 0.45 mg/l at pH 8.1. The well water produced a mild, but objectionable,

rotten-egg odor. Since we had to chlorinate the water anyway, as a public water supply,
we used chlorination to treat for the hydrogen sulfide problem. The chlorination was not
successtui, evidently for two reasons. One reason was that after chlorine removed the
initial hydrogen sulfide odor, the water mixed with water from another well that had

lower pH. This resulted in more of the sulfide In the first well converting to hydrogen
sulfide gas which was released in the distribution system downstream from the chlorine
treatment. This problem was "solved" by increasing the chlorine concentration to force
all the sulfide to convert to hydrogen sulfide. This required application of costly
amounts of chlorine. After this was done, users began to complain of a sulfur odor that
was not the rotten-egg odor of hydrogen sulfide, but some other type of sulfurous odor.
Ultimately, the well producing hydrogen sulfide was taken out of production.

The comments provided herein as a review of the report from Gaston Engineering are
based in part on what we learned by the latter experience and in part on literature
research we have conducted since that experience to try to understand why the

I'ur^ri. j aui-<-nt-ii cf^L.c

nNt-

t

NU.^46

n
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treatment did not work.

Page 2

It was clear to us at the time that we needed to Install pH

control to make the chlorination of ph 8.1 water effective within the contact time
available; however, our client did not want to invest In the equipment. The lack of pH

^

control was largely overcome by increasing the chlorine application to massive doses,
similar to the pilot study conducted by Gaston Engineering. This was done to upset the
equilibrium between sulfide and hydrogen sulfide in order to force all the aulfide to
convert to hydrogen sulfide and react with the chlorine. This process was complicated
by a short contact time before the chlorinated water entered the distribution system as

well as by high Iron concentrations in water from the other well on thai system which
caused a large and variable chemical demand for chlorine, depending on momenta^

n

differences in pumping rates from the two wells. It was hard to get residual chlorine part
of the time and then residual chlorine would be excessive another time, depending on

^

how the two wells were operated and mixed, Moreover, this did not cure the other

j

unforeseen problem, which was the odd sulfur odor that continued In the system; an
odor differentthan the rotten egg odor of hydrogen sulfide,

n

Based on subsequent research into the problem, we now believe the latter odor was the

result of pofysuifide compounds which formed as by-products of the chlorination
treatment. Had our client elected to spend more money to solve this problem, it might

^

have been overcome. However, the experience taught us that eliminating hydrogen
sulfide by simple chlorination is not as simple as it sounds. We teamed that each
aspect of that type of treatment has to be evaluated very carefully from the standpoint of

H

•'

the particular system and particular chemistry involved, and the by-products of

chlorinating sulfides probably need to be treated in residential use systems due to the
secondary odors from the polysulfides.

m

'I
n

I
m

^

I

The following review comments pass this experience on, for what it is worth, and are not
Intended to be critical of Gaston Engineering, as they were simply repeating the
simplistic approach we used a few years ago and fourxf sadly lacking. The only
difference between the latter experience and your system is that the latter system had
very high total dissolved solids concentrations, a factor that may have contributed to the
formation of tfie polysulfide compounds. Without more research, we are not sure how
much of a problem this will be In your system which has overall better water quality
The concentration of sulfide In your system is slightly higher than in the system that

gave us so much trouble, suggesting the potential for the same type of problems exists
in your system. Unfortunately, we did not have the opportunity to carry our experience
forward to the next level, which would have been addition of sulflte and rechlorinatlon to

eliminate the polysulfides. Accordingly, our comments in that regard are based on
concept, not experience; however, we believe our experience points out some things
you should take into consideration before initiating treatment for hydrogen sulfide
removal with simple chlorination.

The pilot study report provides some vary useful information, particularly the fact that
not only was hydrogen sulfide gas (H^S) removed by the chlorine reaction, dissolved
sulfates also were eliminated. Our main worry was that the pilot study would show that

P02

n
_

Pax to:

Ron Edwards

Date:
January 2S, 2002
Subtect: Oilorinatlon Pilot Prelect Review

^

Page 3

chlorination removed H2S, but without cxinsideration of the effect of pH. If the water
from Wed No. 6 is at a high pH, chlorination will oxidize the HjS present at that pH> but
sulfide in the water might be unaffected and so release additional H^S gas downstream

n

I

from the chlorination if the pH of the water drops where it mixes with water from other
weils. The pilot study shows that this was not the case, at least at the concentrations of
chlorine applied in the pilot study.

' I

The laboratory samples collected during the second day of the pilot test show that all
levels of chlorine injection used resulted not only in removal of HzS, but also in sulfide

n

concentrations below the limit of detection.

, ..

I

This was an Interesting result because chlorine does not react directly with dissolved

^

II

sulfide, only with HjS. Therefore an explanation for the total sulfide removal is required.

We use the term "sulfide" advisedly, instead of the term "hydrogen sulfide" or "H2S" as
used in the pilot study.

The pilot study report does not make a distinction between

dissolved sulfide and hydrogen sulfide gas (H^S).

n

This Is an important distinction

because the laboratory analyses of water from the pilot study were conducted for total

dissolved sulfide, not H2S. It Is the H2S that causes the obnoxious odor.

P

The concentralion of un-ionized H2S gas in solution relative to the sulfide concentration

n

is a function of pH. The table at the end of this review provides hydrogen sulfide factors
for different values of pH. If the pH and sulfide concentralion are known, the hydrogen
sulfide factor multiplied times the concentration of dissolved sulfide indicates the

'

amount of the sulfide that will take the form of H2S, also expressed as a concentration in
mg/l. The final concentration of part of the sulfide that becomes H^S in solution is

n

affected by temperature and pressure, because H2S is a soluble gas and forms from the
reaction of carbonic acid and sulfide.

The carbonic acid concentration is a function of

the partial pressure of carbon dioxide gas In the solution. Some of the H2S stays in
solution and some degasses. The part that degasses is what you smell.
We therefore expected the thrust of this review would be to identify any possibility that
dissolved sulfide might remain in the water after chlorination and change to H2S
downstream from the location of chlorine treatment. However, the pilot study field tests
and laboratory tests show essentially no dissolved sulfide content after chlorination.
Even so, we have bad experiences where sulfur odors occurred in a system after heavy
applications of chlorine to oxidize H2S. Accordingly, we have looked at the process in a
little more detail for an explanation of why this happened and how it may effect the
conclusions provided in the pilot study report.

1. The pBlot study does not make a distinction between dissolved sulfidet which
is the constituent reported by the field tests and the laboratory analysis, and
H2S which Is the constituent causing the sulfur odor.

An understanding of the relationship between sulfide and H2S is crucial to under

standing the results of the pilot study. In groundwater free from suspended solids,

Fax to;
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sulfide exists as a mixture of HS* (hydrosulfide) and H2S (hydrogen sulflde), in
proportions determined by the pH. As shown on the table of hydrogen sulfide
factors provided at the end of this review. pH 8.0 results in 92.8 percent of sulfide
forming HS' and only 7,2 percent H2S. At pH 7.0, 44 percent of the sulfide is in the
form of HaS, assuming standard temperature and no effects from total dissolved
solids concentration.

Oxidants such as chlorine react with H2S but not with HS'.

Therefore, the elimination of dissolved sulfide by the pilot chlohnation indicates a
complex process took place which converted disassociated sulfide ions in the
solution to an H2S form which could be oxidized.

n

The questions then become: a) why did the chlorination remove sutfide. b) what are
the by-products of the process, and c) will the by-products remain stable or cause
any problems downstream from the point of chlorination?

2. The chemistry of the process tested by the pilot study Is not taken into^
consideration m the recommendation for treatment.

n

Chlorination reacts with H2S to form hydrochloric acid (HCI) and elemental sulfur. S,"
in the following reaction:

n
H2S+ Clj-^ 2HCI+ S"" i
n

(Edwation 1)

Theoretically, Equation 1 requires 2.1 mg/l chlorine for each mg/l H2S. If additional
chlorine Is added to the water after the above reaction has occurred, until the

chlorine added satisfies the stoichiometric requirements of the reaction, all of the
HaS will be converted to sulfates as follows:

HjS+ 4Cl2 +4H20-> 8HCI+ HjSO, (Equation 2)
The latter reaction theoretically requires 8.5 mg/l chlorine for each mg/l H2S. Note
(he reaction forms hydrochloric and sulfurlc acid, thus lowering the pH of the water.
This explains why alt of the dissolved sulfide (SO3) was chemically removed.
Removal of H2S by oxidation shifted the equilibrium of the remaining dissolved
sulfde to form more H2S and the reaction continued until all the dissolved sulfide

was removed. The fact that dissolved sulfide was absent in the laboratory analysis
results indicates that the amount of chlorine added satisfied the stoichiometric

requirements of Equation 2.

3. Historic experience with H2S removal has shown that systems with simple
aeratior) or chlorination treatments often experience ongoing problems with
intermittent sulfur odor problems In the distribution system and In hot-water
systems at the consumer end.

Equation 2 above shows ail of the H2S reacting to form sulfates. Unfortunately, this
does not happen In real life. When chlorine Is added to sulfur-bearing water.

I1U. i^HO

n

11

.

•

1

^
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colloidal free sulfur vvill be formed if enough chlorine is added to exceed the chlorine
demand of the water, i.e., if residual chlorine remains in the water. This is the
condition shown by the pilot study which resulted in residual chlorine concentrations
ranging from 1.1 to 3.0 mg/i. The presence of free colloidal sulfur may be observed
as a milky blue turbidity referred to as the Tyndall effect. In addition to sulfate (SO4)
and elemental sulfur, oxidation also may form other end products such as

polysulfides (HSn'), sulfites, and thiosulfates. The polysuifides may form in lieu of
i

—

^

elemental sulfur, depending on the water chemistryand alkalinity.

The practical experience has been that polysulfdes usually form.

Polysulflc|es,

when subjected to heat In hot-water systems, produce some amount of sulfur odor
usually exceeding threshold levels. The odor is not that of H2S, but is nevertheless
an objectionable sulfur odor. In the presence of dissolved oxygen in the water, such

n

as is introduced at a location like the booster station clear well, the polysuifides may
eventually oxidize to sulfafes over a period of days, thus eliminating the potential
odor problem. If the finished water enters an end user's hot water system before

n

''

polysulfides are oxidized to sulfate. odor problems will ensue. If enough dissolved

oxygen Is not present in the distribution system to oxidize polysulfide by-products
back to sulfate over a period of days, polysulfides may be reduced back to hydrogen

^

sulfide in oxygen-deficient conditions, thus producing H2S odors in the system,
I

downstream from the chlorinatlon treatment that was thpught to eliminate the HzS
problem.

n

i1

Accordingly, historical experience has shown that HjS odor as well as another types

m

of sulfurous odor occur in distribution systems after treatment of HjS with chlorine
and may be hard to eliminate unless the distribution system is carefully monitored

I!

and managed after chlorinatlon. The various possible reactions and compounds,

depending on the pH of the water and dissolved oxygen concentrations as well as

nthe
variable
amount
of
time
for
the
reactions
to
occur,
result
i
n
very
puzzling
odor
problems in distribution systems and at consumer's hot-water healers when simple
chlorinatlon or aeration is used as the sole treatment method to remove H2S.

r

4. Polysulfide compounds and colloidal sulfur produced as by-products of
chlorine and HjS may require additional treatment.
If formation of free sulfur as the by-product of chlorination is significant, it may
require removal by filtration, otherwise the sulfur may cause an odor or may react
chemically downstream in the distribution system to form sulfide and H^S again.
The chlorination process recommended by the pilot study Is very good from the
aspect of suppressing mlcrobial growth in the distribution system (microbial
processes may generate H2S in the distribution system), as long as good residual
chlorine concentrations are maintained, so that production of sulfide and sulfur does
not occur as the result of microbiologic activity in the distribution system after

treatment for HzS, particulariy In water with significant concentrations of sulfate.

n
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Elimination of potential problems stemming from polysulfide compounds is more
difficult than fiftration of colloidal sulfur. Polysulfide by-products of chlorlnation are

usually treated by addition of sulfite as sulfur dioxide or sodium metabisulfrte, which
forms thiosulfate (SgOa) from the polysulfldes. Thiosulfate is then converted to
sulfate by rechlorination. It will remain In sulfate form after rechlorination because of
the previous addition of sulfite Ions. This process is necessary to eliminate the
threshold odor emanating from the polysulfide compounds, particularly in hot water.

An interesting aspect of these reactions is that polysulfldes do not seem to form
above pH 9.0. Accordingly, sulfur-bearing water that has been treated in a limewater softener usually will not produce threshold sulfurous odors. This suggests that
some type of pH control might be an altemative treatment to control polysulfldes;
however, it would have to control the pH of alt the water mixed and pumped at the
booster station clear well; otherwise, mixing in the clear well might lower pH and

defeat the pH control.

n

n
n
n

5. The pilot study did not address the possibility of variable sulflde concen*
trations In the groundwater source,

Sulflde is the by-product of microbial processes that reduce oxygen from sulfate
anions under aerobic conditions and produce hydrogen sulflde as a by-product. The
sulflde may be in the form of some metallic sulfide compound such as iron sulflde
(iron pyrite). HjS may be the direct product of reduction of sulfate by anerobic
bacteria in the aquifer. The microbial processes depend on a number of factors
including the biologic mass present as biofllm attached to the aquifer matrix. Growth
of biofilm in turn may depend on the amount of nutrients available to support the
biofllm. Use of a well provides a flow of nutrients pas! the biofilm around the well,
thus stimulating microbial growth and production of sulfide and/or H2S as by

products. However, increased flow velocities or excessive growth of biofilms in the

n
n
n

n
n

n
n

n

interstices of the aquifer may result in intermittent detachment of the biofilms with an
associated decrease in biologic activity and production of sulfide and/or H2S H2S
until the biofilm grows back. Accordingly, hydrogen sulfide concentrations in
groundwater are often variable and may respond to use of a well in unexpected
ways, particularly if the well use is not constant or consistent.
Variable sulfide concentrations offer a problem to treatment based on chlorine or
potassium permanganate injection because it Is necessary to adjust the treatment
rate to prevent either inadequate treatment or excessive chlorine or permanganate

residuals as the sulfide load changes. It may be necessary to install a feedback
loop to regulate the chlorine injection rate to match the chemical demand for chlorine
In the water. If a feedback loop is installed, it must measure chlorine residuals far
enough downstream from the chlorine injection to ensure adequate contact time for
the chemical reactions with chlorine to have taken place.

'
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6. The pilot study conclusloos about threshold concentrations that result in odor

Paaa

problems are not correct.

n

The pilot study concludes that any concentration "under 0.5 ppm" (equivalent to
0.5 mg/l) is not a problem. The pilot study further states that the EPA considers the
odor threshold for H2S to be 0.2 ppm (equivalent to 0.2 mg/l). Both of these
conclusions are incorrect and result from the failure in the pilot study to distinguish
between dissolved sulfide and hydrogen sulfide (HaS). The statements by the EPA
pertain to dissolved sulfide, not to HzS.

Dissolved sulfide is the concentration of disassociated sulfide ions in solution, the

1

field analyses and laboratory analyses reported as H^S throughout the pilot study

n

gas in solution in the water and Is not measured by either the field analysis or
laboratory analysis for sulfide, but is calculated Indirectly from the dissolved sulfide
concentration. Mote that the Montana Microbiological Senrices analytical results are
reported as sulfide, not HaS. The table attached at the end of this review shows how
to calculate the percent of sulfide that takes the form of H2S at a known pH.

n

The statements that the EPA considers "/eve/s /ess than 0.5 mg/i to be
acceptable for domestic potabie water" and that "The odor threshold for sulfide

report were in fact values for dissolved sulfide. not H2S. Hydrogen sulfide (H2S) is a

can be less than 0.2 mg/f apply only to dissolved sulfide, not to H2S.

n

Such

statements are based on the fact that the amount of H2S associated with dissolved

sulfide concentrations in the range of 0.2 - 0.5 mg/l. depends on the pH. They also
take cognizance of the fact that the odor threshold for HzS is only 0.02 - 0,03 mg/l.

For example, the dissolved sulfide concentration of 0.55 mg/l reported in the pilot
study will produce an H2S concentration of 0.04 mg/l at pH 6.0 and an H^S of
0.24 mg/l at pH 7.0, both above an odor threshold of 0.02 - 0.03 mg/l for H2S.
Conversely, the odor threshold for HjS of about 0.02 - 0.03 can be produced at
pH 7.0 by a sulfide concentration of about 0,045 - 0.068 mg/l, Note that the latter
concentrations are very near the limits of detection of the method used in the
laboratory to analyze the sulfide content and may be below the level of detection of
the unspecified field rr^ethod used to analyze sulfide content by colorimetric methods
during the pilot study.

The foregoing relationship between sulfide and HaS may explain why the pilot study
reports "HzS" (actually sulfide) concentrations of 0.00 ppm associated with a "slight
smell of H2S" during the 11/09/01 pilot test. The pilot study report for 11/09/01
indicates the H2S remaining in the water was above the odor threshold, I.e., the pilot
study says there was an HjS odor in some samples, even after chlorination.
The field test used to measure "H2S" actually measured sulfide and the sulfide
remaining after chlorination was below the limit of detection of the test. As
discussed above, as little as 0.045 mg/l sulfide can produce an H2S threshold odor
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of 0.02 mg/l HaS at pH 7.0. A concentration of sulfide as low as 0.045 mg/l may not
be detected by freld analysis, tt might not be detected by laboratory analysts as well,
particularly if the HjS faction was separated from the sample by degassing when it
was collected from a fire hydrant flow. Loss of H2S to degassing would result in part
of the remaining sulfide in the sample changing to HgS form in an attempt to
reestablish equilibrium between hydrosulfide and H2S. If the sampte were not
preserved to retain the HgS faction in the sample, the amount of sulfide remaining at
the laboratory could easily be below the limit of detection. Accordingly, it is hard to
decide how much confidence to place in the laboratory analysis without knowing

how the sample was collected, what steps were taken to prevent degassing, ^nd

how the sample was preserved to tie up H2S chemically prior to transportation to the

laboratory.

n

The table In the pilot study report correlating hydrogen sulfide concentration to
chlonne injection concentrations and residual chlorine is meaningless in that the

n

laboratory values are for dissolved sulfide, not hydrogen sulfide as presented In the

P

chlorine needed to chemically consume either the H2S orthe dissolved sulfide. The

'

minimum chlorine application rate carv be estimated from the values associated with

report. The only value of the table is to show that when residual chlorine was
present, the sulfide had been totally consumed, assuming degassing did not affect

the sampte. The table does not indicate the minimum threshold application rate for
Equations 1 and 2 above.
n

In summary, the pilot study is a good beginning at evaluating treatment of sutfide and
HzS in the groundwater produced by Wall No. 5 and Well No, € in that it demonstrated
that not only was HzS removed, but sulfide may have been essentially eliminated as
well. Additional investigations are still needed to evaluate a number of factors which
should be known prior to designing treatment, including the following:
1. Further pilot testing would further refine Knowledge of the threshold value of
chlorine required to treat both H2S and sulfide. This might provide for more
efficient use of chemicals and thereby lower long-term costs for treatment.
2. You should evaluate the potential for sulfurous odors from polysulfide by
products of chlorination downstream from the location of chlorinatlon treatment.
This might require a pilot test involving a hot-water heater and a week or two of
pragmatic experimentation.
3. You need to assess the potential for formation of sulfide and H2S from sulfate
(SO4) by-products of chlorination in the distribution system downstream from
chlorination.

4. A good starting point for the previous step would be to test the dissolved oxygen
concentrations throughout the distribution system, including at the outlet to the
booster pump. If mixing and aeration in the booster station clear well result In
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enough dissolved oxygen in the distribution system, it is possible the polysulflde
by-products from chiorination of HjS can be chemically oxidized to sulfides. If
the water is oxygen deficient, the polysulfides may cause an odor problem.
Likewise, in an oxygen deficient environment, the sulfates created by chtonnation
may be reduced back to sulfides and generate H2S. unless relatively high
residual chlorine is maintained throughout the system. Dead-end service lines
and mains with little water use become a potential source of odor problem in this
respect because of anaerobic conditions caused by chemical oxygen demand

and because of the difficulty of maintaining chlorine residuals In dead ends.
Dissolved oxygen concentrations will be affected by variables having to cto:With
aeration in the clear well, chemical oxygen demand in the water, residence time
in the system, variable demand for wafer, and dead ends in the system.
5. You need to determine the pH of water from all of your sources. This is a major

consideration in designing any type of treatment. For example, some simple pH
control prior to chiorination might greatly reduce the contact time necessary for
chemical oxidation of the H2S. Although the pilot study appears to show
adequate contact time in the pipeline from the well to the clear well, you may
need to obtain treatment in a shorter distance if addition of sulfur dioxide ,or

n

sulfrte followed by rechiorination is required between the well and the clear well.
6. We are not sure what happens to elemental sulfur formed as a by-product of the

n
n

chiorination of H^S in your particular water, It may enter into reactions to form
polysulfrdes. We do know that both the polysulfides and the colloidal sulfur
produced as by-products of chiorination can be converted to thiosulfate by
addition of sulftte ions as sulfur dioxide or sodium metabisulfite after which

rechiorination converts the thiosulfate to sulfate and keeps it that way.

7. You should consider monitoring dissolved sulfides in the source water from Well

n

No. 6. both in terms of variation with pumping rate and/or frequency of use, and
in terms of whether or not continuous use reduces biofilm buildup enough to

„

stabilize the sulfide concentrations.

n

You might be remiss In designing a

treatment without first determining that sulfide and/or HjS concentrations are not

variable in the source water. This will be an interesting task if you do not want to
pump the untreated water into the water system. Use of by-pass and wasting of

n

water may be needed to obtain data about the variability of sulfide and H2S,

n

Wells No, 5 and 6 can be successfully treated by chiorination or aeration. However,

Based on the foregoing considerations, it appears likely that the hydrogen sulfide from

'

either treatment may have to be followed by the addition of sulfite for the removal of
polysulfides and colloidal sulfur and then rechiorination to convert the remaining sulfur

n

n
n
n

compounds to sulfates.

It appears likely any type of treatment will require careful

monitoring and control and will still have the potential for problems.
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Calculation of HzS concentration from dissolvod sulflde concentration.

In groundwater free from suspended solids, sulftde exists as a mixture of HS' and H2S
(hydrogen sulfide), in proportions determined by the pH. The following table provides
hydrogen sulfide factors for different values of pH. The hydrogen sulfide factors
mulliplied times dissolvod sulfide concentrations gives the concentration of un-ionized
n
I

I

H2S gas in the water at a standard temperature of 25°C. it is the H2S form of the sulfide
which produces the rotten-egg odor and which is oxidized and removed by chlorination

or aeration. The faction of sulfide present In the water in HS* form is not removed

directly by chlorination and may register in the analysis for sulfide after chlorination
treatment. However, removal of H2S by oxidation upsets the balance between HS'and
H2S. This causes more H2S to form from the remaining sulfides to reestablish to

n
p

n
n

equilibrium.

If enough oxldant remains available, this process will continue until the

sulfides are chemically consumed.
pH
5.0

0.99

5.4

0.97

5.8
6.0
6.2

0.92
0,89
0.83

6.4

0.76
0.71

6.5
6.7

n

Factor

6.8

6,9
7.0
7.1
7.2
7.3
7.4

0.66
0.61
0.55
0.49
0.44
0.38
0.33
0,24

7.5

0.20

7.6

8.2

0.16
0.13
0.11
0.089
0.072
0.046

8.4
8.8

0.030
0.012

9.2
9.6

0.0049
0.0019

7.7

7.8
7.9
8.0
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