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ABSTRACT 

Sal t Lake County, Utah, watershed streams, drinking water 
treatment plants, and distribution system were monitored for a 
period of one year or greater to determine the seasonal watershed 
precursor load, trihalomethane (TEM) formation, and correlation 
between the two in the drinking water supplies. In addition, 
unit treatment processes were examined at Parleys, Big and Little 
Cottonwood water treatment plants, in the spring and late summer, 
to evaluate THM precursor reduction and THM formation. Addition­
al studies were also conducted to appraise the potential contri­
bution of natural sources to watershed THM precursor loading. 
Total organic carbon was used to estimate THM precursor concen­
trations. Instantaneous (time of sampling) and 7-day (incubated) 
forms of trihalomethanes were measured. 

Stream TEM precursor produc tion was greatest during spring 
runoff; the mean precursor concentration at this time was 3.4 
mg/l. Stream discharge and precursor concentration frequently 
exhibited a linear correlation. High streamflow, as related to 
prec l.pl.tation events, produc ed greater THM formation potential. 
Rainfall runoff from roads and other disturbed areas provided 
most of the instream precursor load. Leaf litter and surface 
soils near streams were shown to be potentially significant 
sources of TEM precursors (leaf litter more than soils). 

TEM formation at all water treatment plants peaked during 
March to June and September to Oc to ber, c orres ponding to in­
creased runoff in the spring, and precipitation, reservoir 
turnover, algal blooms, and leaf-fall in the autumn. Utilities 
using reservoir water had greater (approximately 60 percent) mean 
annual effluent TEM concentrations than those using solely stream 
water. TEMs at all distribution stations averaged less than 40 
~g/l (greater than water treatment plants) during 1981. Ground­
water had a comparatively small TEM formation potential. The 
USEPA maximum contaminant level of 100 ~g/l was never exceeded at 
any utility or distribution station. 

The water treatment plants normally reduced the influent 
organic precursor concentration by about 30 percent, principally 
by sedimentation and filtration. Instantaneous TEMs generally 
increased with process time. Precursor and chlorine concentra­
tions governed TEM formation after water treatment. Recommenda­
tions for long term control of THM formation include source 
control of surface water organics and nutrients, improving 
treatment plant efficiency, and minimizing chlorine dosages. 
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INTRODUCTION 

Nature of the Problem 

Public water supplies have been 
disinfected prior to distribution in the 
United States for many years. Chlorine 

the most commonly used disinfectant; 
however, chlorination has come under 
attack because chlorine can react with 
organic materials in the water to form 
trihalomethanes (T11Ms) and other halo­
genated organic compounds that labora­
tory studies have shown to increase 
the risk of cancer. USEPA promulgated 
regulations require communities of 
population 75,000 (and eventually 10,000 
or greater) to monitor their water 
and meet a maximum contaminant level 
(MCL) of 100 IJg/l for total T11Ms. The 
available treatment methods, using 
granular activated carbon filtration or 
biologically activated carbon, are 
expensive. Possible less costly methods 
inc 1 ud e a 1 t ern a t i v e dis in fee tan t s , 
improved clarification, altering the 
point of chlorination, and seasonal use 
of powdered activated carbon. The best 
method depends on the local situation. 

Salt Lake County, Utah, obtains 
drinking water from both surface 
water and groundwater sources. Low 
turbidity surface water, the major 
source, originates from mountain streams 
and is stored in reservoirs. Because 
their montori'ng of T11M concentrations 
(Peters 1981) indicated a minor THM 
problem, County officials, concerned 
that the USEPA might lower the MCL for 
THMs, and desiring to deliver a high 
quality drinking water, wanted a study 
identifying THM organic precursors and 
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quant ifying T11M format ion be tween the 
water source and the consumer tap. They 
wanted to know the magnitude of the THM 
prob 1 ern , the me thod s bes t sui ted for 
reduc ing the THM concentration in Sal t 
Lake County's finished water, and 
what monitoring procedures should be 
folIo we din con tin u e d 0 b s e rv a t ion 0 f 
precursor loading to protect the public.' 

Objectives 

The research plan to answer these 
questions was designed to: 

1. Determine the seasonal varia-
tion of THM precursor concentrations 
from five Salt Lake County watersheds 
and two groundwater sources over a 
12-month period. 

2. Determine the THM formation 
potential of precursors originating from 
selected leaf litter and debris and soil 
samples in the riparian zone. 

3 .. Estimate the contribution to 
raw water precur sor loading from rain 
and snow. events. 

4. Continuously monitor and 
analyze levels of THM compounds in the 
drinking water supplied to Salt Lake 
County residents for one year. 

5. Correlate the formation of 
total THMs in finished water wi th raw 
water sources and wi th treatment prac­
tices for the major water utilities in 
Salt Lake County. 



LITERATURE REVIEW 

Historical Aspects 

Studies on New Orleans drinking 
water by the US EPA in 1972 and 1974 
detected traces of suspected carcinogens 
in the form of THMs. Charges were made 
(Harris and Breecher 1974) that New 
Orleans residents were being subjected 
to a hazard that could cause cancer. 
The results of the National Organics 
Reconnaissance Survey (NORS) (Symons et 
a1. 1975) and the National Organics 
Monitoring Survey (NOMS) (USEPA 1978) 
also showed widespread occurrence of 
THMs in chlorinated water supplies. The 
primary reac tion prod uc t measured was 
chloroform. The National Cancer Inst i­
tute (1976) found chloroform to be a 
carcinogen to rats and mice under 
laboratory test conditions. 

The result was promulgation by 
USEPA of regulations on November 29, 
1979, limiting the permissible level of 
THMs in drinking water. A maximum 
contaminant level (MCL) of 0.10 mg/l 
Cloo j.lg/U was established for total 
THMs (TTHMs), defined as the sum 
of the concentrations of chloroform 
( CHC13), bromodichloromethane (CHBrCl2), 
dibromochloromethane (CHBr2Cl), and 
bromoform (CHBr3)' Compl iance was to 
be accomplished within 2 years by 
community systems serving populations 
greater than 75,000, and within 4 years 
for populations between 10,000 and 
75,000 (Federal Register 1979, 1980). 

The a v ail a b 1 e e p idem i 0 log i cal 
evidence was not conclusive, but it 
did suggest a human heal th risk. The 
epidemiological work continued. In a 
review of the experimental and epidemio­
logic studies, Kraybill (1981) concluded 
t hat , w h i 1 e pot e n t i a 1 h a z a r d s we r e 
suggested, cancer causality was not 
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conclusively established. More recent­
ly, the American Water Works Association 
agreed with the USEPA to propose pro­
cedures that a community might follow 
for obtaining and maintaining a variance 
from the TTHM standard (AWWA Mainstream 
1982). The objective was to minimize 
po tentially disrupt ive but unnecessary 
economic effects of the TTHM standard on' 
water utilities. 

Forming Halogenated Organics 

Chemical Reactions 

Haloforms (halogenated 
compounds) have long been 
form from acetone and other 
Booth and Saunders (1950) 
that haloforms are also formed 

organic 
known to 
ketones. 
reported 
from such 

other compounds as substituted qUlnones, 
catechol, and resorcinol. TBM formation 
in drinking water was first doctmented 
by Rook (1974) and Bellar et al. (1974). 
According to Rook, THMs produced from 
chlorination of the humic substances 
found in natural waters are likely to 
cause adverse physiological effects. 

Rook (1974) found a good correla­
tion between chloroform and water color 
intensity. The coloration was thought 
to come from such humic substances of 
plant decay as macromolecules, the 
condensation produc ts of quinones and 
polyhydroxybenzenes with substituent 
NH2-groups. Rook's thesis was that 
the polyhydroxybenzene building blocks 
of natural color molecules were respon­
sib le for the haloform reac tion. 

Later, Rook (1976) suspected that 
the organic precursor for the haloform 
reaction was a substance such as fulvic 
acids, a component of aquatic humus.' He 



determined that minor amounts of chlo­
rine were substituted into the humic 
substances. Experiments indicated that 
the hydroxylated benzene moieties were 
the most active fulvic acid sites and 
readily underwent a haloform type of 
reac t ion when treated wi th aqueous 
chlorine (Rook 1977). Rook hypothesized 
reaction mechanisms for haloform pro­
duc t ion from ful vic ac ids and r esor­
cino 1. 

A simplified structure of the humus 
molecule (Trussell and Umphres 1978) was 
an amorphous mass of polyhetero conden­
sate with certain functional groups 
(metahydroxy aromatic rings, mono ketone 
moieties, compounds with or producing 
acetyl groups) protruding from the 
surface to react with aqueous chlorine 
to form THMs. An accepted haloform 
reaction sequence consisted of alternate 
hydrolysis and halogenation steps with 
the first ionization being rate deter­
m1n1ng. The functional groups mentioned 
are more rapidly ionized in the first 
reaction step, which is rate determin­
ing, except for·the mono ketone moiety-­
a well-established mechanism 1n the 
traditional haloform reaction. 

Reinforcing the above ideas, Dore 
et ale (1982) stated that organic 
precursors 1Nere compounds bearing acetyl 
groups or those susceptib Ie to forming 
such groups by oxidation. The beta­
dike tones and m-polyhydroxybenzenes 1Nere 
excessively reactive precursors for 
chlorine in the neutral treatment pH 
range. 

THMs have the general form CHX3, 
where X can be anyone of the halogens, 
chlorine, bromine, or iodine (Edzwald 
1979). Chlorinated forms are the most 
common but brominated forms also occur. 
Some researchers have observed that the 
presence of bromide inc~eased the 
yield of TTHMs (millimole TTHM/mole 
total organic carbon) for a given 
chlorine dose (Trussell and Umphres 
1978). Dore et ale (1982), however, did 
not find the yield to increase. It is 
generally agreed th_at the higher mo lecu-
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lar weight humic acid fraction results 
in a greater yield of chloroform <CHCI3) 
t~an an equivalent amount of fulvic acid 
(Babcock and Singer 1979; Peters et al. 
1980), but aquatic humus is more common­
ly present as fulvic acid than as humic 
acid (Trussell and Umphres 1978). 

By examining humic material from 
various aqueous environments and 
from laboratory microbial cultures, 
Oliver and Visser (1980) determined 
that the major chloroform precursors in 
aquatic humic materials were the low 
molecular weight (less than 30,000) 
fulvic acid fractions and that the· 
chloroform concentration decreased with 
increasing molecular weight (above 
20,000-30,000) for the humic acids. In 
contrast to these findings, an analysis 
of Iowa River water showed that 75 
percent of the THMs were derived from 
organics with .molecul ar weights of less 
than 3000 (humic and ful vic ac id fr ac­
tions) <Schnoor et al. 1979). Oliver 
and Visser (1980) observed that the most 
active precursors among the fulvic acids 
for both river and lake environments was 
the 1000-10,000 mo1ecul ar weight 
fraction. Additionally. in a specific 
molecul ar weight fraction, seasonal 
variations and changing aqueous environ­
ments had little effect on chloroform 
concentrations. Veenstra (I 979) con­
cluded fxom his work on the Iowa River 
that seasonal variat ions in the nature 
of the precursors were the predominant 
factor in determining the concentration 
of TTHMs. 

Sources of THM precursors include 
natural organics (aquatic humus), algae, 
and agricul tural runoff. Algal biomass 
and extracellular products, when chlori­
nated at relatively high doses (20-50 
mg/O, react readily with chlorine to 
produce THMs (Hoehn et al. 1980) as was 
also found in studies with cultured 
algae and natural samples under chlori­
nation conditions more representative of 
conventional drinking water disinfection 
(Oliver and Shindler 1980). Finally, 
algae and extracellular products from 
culture produced THM concentrations 



comparable to yields observed from humic 
and fulvic acids, with maximum concen­
trations produced during algae growth 
phases (Bril ey et al. 1980). Periods 0 f 
high agricultural runoff in Iowa surface 
waters were distinctly associated with 
peaks in THMs (Morris and Johnson 1976). 
A direct correlation between turbidity 
and chloroform production was establish­
ed.. 

In aqueous chlorination, the 
competitive reactions for hypochlorous 
acid, HOC1, are disinfection, production 
of chloramines, oxidation of reduced 
inorganics, and formation of THMs or 
chlorinated by-products (Edzwald 1979). 
Mass balance studies have shown that 
most of the added chlorine is consumed 
in oxidation processes rather than 
in disinfection and that only minor 
amounts of chlorine appear to be 
substituted into the organic precursors 
(Cotruvo 1981; Rook 1976). THM forms 
over several days until either the free 
chlorine is consumed or the precursor 
material has reacted (Edzwald 1979). 

Physiochemical Parameters 

The imp 0 r tan t p h Y sic 0 c h em i cal 
parameters influencing the formation of 
THMs are pH, temperature, chlorine dose, 
bromide ion, contact time, and the 
concentrations and types of organic 
precursors (Snoeyink and Jenkins 
1980; Edzwald 1979). The THM formation 
rate increases with pH because of the 
base-catalysis of the haloform reaction 
(Stevens and Symons 1977) wherein THM 
can form in the absence 0 f a chlorine 
res idual (Morris and Baum 1978). The 
chlorinated intermediates that form at 
low pH hydroloyze to form THMs at higher 
pH values. Rook (1976) found the 
reaction rate to be greater at pH 8 to 
10 than around pH 7. 

More THM forms at higher tempera­
ture. Stevens and Symons (1977) report­
ed that approximately twice as much 
chloroform could be produced when 
natural waters were chlorinated at 2SQC 
versus 3

Q
C. 
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A free chlorine residual is neces­
sary for the chlorine to react with 
organic precursors to yield THMs (Ste­
vens and Symons 1977). The amount of 

. t-he free chlorine dose influences the 
ultimate formation of THMs and the 
reaction kinetics. Higher doses cause 
formation at a faster rate (Trussell et 
al. 1979). 

The traditional textbook haloform 
reaction is zero order with respect to 
chlorine, but this may not hold true for 
more complex reactions in natural waters 
(Trussell and Umphres 1978). The. 
following empirical rate equation was 
obtained for the rate of chlorine 
consumption for the reaction between 
chlorine residual and aquatic humus: 

In[C12]/[C12]o = -kl[TOC]t 

The chlorine was assumed not to reduce 
the total concentration of humic mate­
rial present significantly. This 
reaction is first order with respect to 
chlorine residual (Trussell and Umphres 
1978). Assuming that the rate of THM 
produc tion is rel ated to the chlorine 
residual to the first power, the equa­
tion obtained was: 

d THM 
dt 

-d TOC 
dt 

where m is the order of the reaction 
with respect to the precursor concen­
trat ion. 

Bromide increases the total yield 
of THMs for a given chlorine dose but 
reduces the incremental increase per 
unit increase in the chlorine dose 
(Minear and Bird 1980). Also, the THMs 
are more highly brominated (Trussell and 
Umphres 1978; Edzwald 1979; Dore et al. 
1982; Minear and Bird 1980). These 
effects could be important for water 
supplies affected by salt water intru­
sion or withdrawn from groundwater 
suppl ies wi th a high bromide ion con­
centration. 



The TBM reaction is very slow in 
comparison to most other physico­
chemical processes occurring in a water 
treatment system. The rate varies with 
the chemical composition of the water 
(Trussell and Umphres 1978), but it can 
continue for days. Reaction-rate curves 
(TRM concentrations versus time) vary 
with the nature of the precursor and the 
reaction conditions (Stevens and Symons 
1977). The ultimate THM concentration 
is determined by the longest residence 
time in the distribution system. 

The TRM reaction continues until 
ei ther the free chlorine or the organic 
precursor is exhausted (Babcock and 
Singer 1979; Stevens and Symons 1977; 
Rook 1976). Consequently, the total TBM 
concentration increases with longer 
contact times between the free chlorine 
and the organic precursors. In most 
water treatment systems, either the free 
chlorine or the precursor eventually 
becomes limiting and THM formation 
levels off. Studies have shown in­
creasing concentrations of chloroform as 
water travels' through the distribution 
system (Brett and Calverley 1979; Harms 
and Looyenga 1977), but reaction time 
may not have been the only parameter 
responsible. 

One of the easiest parameters to 
vary experimentally in a conventional 
water treatment is the concentration of 
organic precursor. Rook (1976) found 
that chloroform production increased 
linearly with organic matter up to 250 
mg/l TOC. Babcock and Singer (1979) 
supported this find ing for humic solu­
tions in the presence of excess chlo­
rine. Results obtained with resorcinol 
and acetone showed' that the quantity of 
chloroform formed was proportional to 
the concentration of the precursor and 
the chlorine dose (Dore et al. 1982). 

Methods for Controlling TRM 
Concentration 

Since adoption of a maximum con­
taminant level for TRMs by the USEPA, a 
number of alternatives for complying 
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h a v e bee n in v est i gat e d . Th e f 0 u r 
approaches are: 1) altering reaction 
kinetics by changing the physiochemical 
parameters, 2) reduction of the organic 
precursor concentration, 3) a change in 
disinfectant and 4) treatment to reduce 
the total TBM concentration. Each one 
can be achieved in several ways. 

Altering Reaction Kinetics 

Temperature cannot be controlled 
economically; pH can only be varied 
wi t h ina n a r row ran g e (6 - 8); and 
chlorine disinfectant concentrations and 
contact times are limited by dis 
tion requirements. However, chlorine 
applications can be set by site specific 
requirements and varied on a seasonal 
basis to keep dosages to a minimum. 

Organic Precursor Reduction 
and Removal 

Reduc tion 0 f the organic precursor 
concentration appears to be the most 
promising approach (Rook 1976). Organic 
~ecursor concentrations can be reduced 
by adsorption, oxidation, coagulation, 
direct filtration, reservoir treatment, 
or watershed management. 

Several researchers have shown that 
synthetic resins and activated carbon 
can adsorb precursors (Anderson et al. 
1981; Reed and Zey 1981; Boening et al. 
1980). However, these methods are 
expensive. 

Various chemicals have been studied 
for precursor concentration reduction 
via oxidation. Shindala and Mowry 
(1981) found that adding potassium 
permanganate (KMn04) prior to chlori­
nation did not help much. In agreement 
with this finding, KMn04 appeared to 
have a minor effect on the chlorine 
demand of surface waters at Chapel Hill 
and Durham, N.C., even at 10 mg/l, in 
bench-scale tests (Singer et al. 1980). 
It was concluded that large doses of 
KMn04 would be required for effective 
~ecursor reduction. In Blanck's work 
(1979) with full-scale plants and 



surface waters, KMn04 pretreatment 
at a dose of 0.4 mg/l produced a 76 
percent THM reduction. 

Other oxidants have also been used. 
In bench-sc ale experiments, humic acid 
was added to Kansas River water and 
treated with the oxidants KMn04, 
K2Fe04 (ferrate), and H202 (hyd rogen 
peroxide) prior to chlorination (Voss et 
al. 1980). Treatment wi th H202 at 
pH 10.3 for 68 hrs resulted in undetect­
able CHC13' Untreated river water was 
then used with shorter contact times and 
chloroform was reduced by· about 80 
percent. The optimum pH range was 4 to 
10. H202 is readily available, rela­
tively cheap, and no sludge is produced. 

The oxidation of precursors wi th 
ozo ne may al so reduc e THM formation 
(Carns and Stinson 1978; Barnett and 
Trussell 1978). Ozone has been used 
prior to chlorination to oxidize precur­
sors to C02 and water, but the method 
has not been consistently effective 
(Rice et al. 1981). In some cases, THM 
levels increased. It appears that the 
potential for oxidation of precursors by 
ozone should be determined for ind ivi­
dual water sources. This oxidation 
process also has t he potential to form 
organic by-produc ts whose health risks 
are yet unknown (Vogt and Regli 1981). 
Additionally, organics in the water may 
be made more biodegradable by ozonation, 
and this can result in higher microbio­
logical activity in the distribution 
system (Symons et al. 1981). 

One of the most easily implemented 
and economical methods of precursor 
reduction is by coagulation. Some 
research has been done on appl ications 
to surface waters. Varying water 
conditions were used to study the impact 
of operating variables on Mississippi 
River water taken near the Minneapolis 
treatment plant. Organics removal was 
found to be strongly dependent on the pH 
and alum dose. A TOC reduction of up to 
50 percent was achieved at high alum 
doses and pH 5.0 (Semmens and Field 
1980). Maximum removal required alum 
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doses of up to 100 mg/l. The authors 
found that organic s coagul at ion and 
removal occur through several mechanisms 
and that the process may be quite 
different under varying pH. 

European practices have used a new 
coagulant, alkaline polyaluminum 
chloride (APAC) , on sur face wa ters for 
improved precursor removal (Knoppert et 
al. 1980). Kavanaugh (1978) stated that 
coagul ation may select ively remove THM 
precursors but an acceptable low resid­
ual TOC level may not be achieved 
economically by coagulation. 

Alum treatment followed by direct 
sand filtration of natural waters re­
moved about two-thirds of the precursors 
(Oliver and Lawrence 1979). Subsequent 
chlorination yielded low haloform 
concentrations. Bench-scale pilot plant 
filters on synthetic humic waters and 
Raquette, N.Y., river water gave precur­
sor reductions of 50-60 percent and 40 
percent, respectively, as measured by 
5-day chloroform formation potential 
(Scheuch and Edzwald 1981). Direct 
filtration offers low capital and 
operating costs and high treatment 
efficiency. 

Watershed and reservoir management 
practices (drinking water quality 
source protection) can also reduce 
organic precursors. The approach is 
to prevent decomposing organic material 
from coming into contac t wi th free 
flowing water and reducing the time of 
contact (Wilen 1977). This can be 
accomplished by preventing leaves and 
other organic material from reaching 
st reams or cont ro 11 ing the organ ic 
sediments in reservoirs. The only 
practical method of leaf control 1.n 
forested watersheds is conversion from 
deciduous to coniferous trees. Even 
this measure has severe drawbacks 
including soil disturbance and erosion 
problems from stump removal, management 
efforts for upkeep, prohibitive costs, 
and reduced water yield. It has been 
found that the construe t ion of a small 
dam above the inlet of a reservoir, with 



resultant settling pools, collects 
organic and inorganic materials that 
otherwi se would be transported into the 
reservoir (Wilen 1977). These materials 
can be removed with a minimum of nutri­
ent release and without the turbidity 
and sediment dispersion problems caused 
by normal reservoir dredging. Reservoir 
storage capacity is also protected. 

Beaver activity is a known cause of 
color, and thus humic and ful vic acid 
compounds, in natural waters (Wilen 
1977). Beaver dams and/or natural 
debris cause pooling of stream water and 
a decrease in the stream gradient. This 
allows longer contact time between 
organic debris and water, resulting in 
greater organic water color produc tion. 
In a western Massachusetts study (Wilen 
et al. 1974), beaver control increased 
the streamflow gradients and reduced 
organic water coloration in the study 
watershed. 

Construction, vegetation removal, 
and agricultural activities near stream 
channels can 'c'ause erosion and create 
sedimentation and nutrient influx to the 
stream system (Satterlund 1972; Watson 
et al. 1979; Karr and Schlosser 1978). 
Ma n y p I ant nut r i e n t s (e s p e cia I 1 Y 
phosphorus) are attached to sediment 
particles. Erosion control methods 
and healthy vegetation reduce these 
nonpoint source loadings of organic 
precursors and also stabilize the 
nitrogen:phosphorus nutrient loadings to 
lakes and reservoirs with the resultant 
red uc t ion 0 f algal growt h, a known 
precursor source. Treatment 0 f reser­
voir waters with algicides such as 
copper sulfate can also inhibit algal 
growth (Fitzgerald 1963) and thus 
decrease the amount of potential 
organic precursors available for THM 
formation. 

Alternative Disinfectants 

Disinfectants other than chlorine 
have been used to reduce THM formation, 
but many of them have other problems. 
USEPA THM regul ations prohibit t he use 
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of chloramines for disinfection except 
as a chlorine residual for water that 
already meets the primary drinking water 
regulations (Federal Register 1979). 
The use of chloramines (ammoniation) has 
been shown to reduce THM levels. Duke 
et al. (1980) found that ammoniation 
just after prechlorination did not 
reduce the formation of THMs upon 
chlorination, but rather it increased 
THMs from the point of ammoniation on 
through the distribution system. Rice 
and Bolding (1981) experimented with 
ammoniation in advance of chlorination 
at a full-scale system in Dallas, Texas, 
and were able to reduce THM formation by' 
75 percent while maintaining an effluent 
with no more coliforms than that treated 
with chlorine alone. Norman et al. 
(1980) stated that if the chlorine 
residual was normally hypochlori te ion 
(high pH), chloramines were an equally 
effect ive disinfectant. The chloramine 
residual is more persistent but needs 
greater contact time (Trussell et al. 
1979). Therefore, modest increases 
ln capital operating costs may result. 

Chlorine dioxide (CI02) and ozone 
(03) are two disinfectants which do 
not produce THMs (providing no chlorine 
is present from the generation of 
CIOZ). ClOZ has good biocidal activity 
over the normal treatment pH range; it 
can be generated and applied readily; 
and it produces a residual that can 
persist through the distribution 
system (-Symons et al. 1981). There are 
concerns over the possible toxicity 
of chlorite and chlorate (Edzwald 1979), 
and the USEPA has recommended that the 
sum of the residual concentrations of 
chlorine dioxide, chlorite, and chlorate 
be limited to 0.5 mg/l in drinking water 
(Federal Register 1979, 1980). This may 
preclude CIOZ use in some cases. 

Ozone is an excellent biocide but 
does not provide residual disinfection 
protection (Symons et al. 1981; Edzwald 
1979). Thus chlorine may be needed to 
~ovide a residual for the distribution 
system. Ozone must be produced at the 
point of application and the generation 



equipment 1.S more elaborate than when 
chlorine is used. It is generally 
agreed that 020nation of drinking wa ter 
does not produce THMs (Yapijakis 1978; 
Kuhn et al. 1978). But once produced, 
THMs are highly resistant to oxidation, 
even by ozone, one of the most powerful 
chemical oxidants available (Rice et al. 
1981). A maj or drawback to ozone usage 
in existing and potential water treat­
ment plants is the high capital costs 
for ozone installations (Rice et al. 
1981) . 

Trihalomethane Reduction 
and Removal 

Granular activated carbon (GAC) has 
been shown to adsorb both precursors and 
THMs in pilot scale operation (Love 
1976) . In evaluating the treatment of 
river and reservoi<r surface waters 1.n 
full-scale plants, it was found that GAC 
reduced THMs by 23 to 60 percent but was 
not cost effective (Blanck 1979). GAC 
was effective for THM control for short 
periods of time when treating river 
water using a filtration/adsorption 
sequence at two sites (Feige and DeMarco 
1980). For longer periods of time, 
carbon reac t ivation would be necessary. 

Recent work by Anderson et al. 
(1981) indicated that a powdered 
activated carbon (PAC) (21.6 mg/l 
dosage) formulated for precursor 
adsorption was successful in reduc ing 
THM formation to an order of magni­
tude less than the levels reported by 
the USEPA. Up to 56 percent less 
THMs and 54 percent less TOC were 
obtained at the Kanawha Valley Water 
Treatment Plant in Charleston, W. Va. 
Good res ul t s requi re an adequate cont ac t 
time before prechlorination. An eco­
nom i can a 1 y sis was not pre sen ted • 
Sludge disposal was necessary. 

Resins have also been studied for 
THM removal. Symons et al. (1981) 
reported that both activated carbon and 
the synthetic resin Ambersorb XE-340 
were much more effective for adsorbing 
the bromine-containing THMs than for 
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c hI oro form. The res in was mor e e ffec­
tive for THM removal overall. Other 
research has also shown the XE-340 resin 
to have better adsorptive capacity than 
GAC in raw and finished waters; however, 
an IRA-904 resin appeared to enhance the 
react ion of free chlorine with pr ecur­
sors to form haloforms. It is generally 
agreed that pretreatment should be 
utilized to reduce organic matter 
prior to treatment wi th an adsorbent. 

Aeration after chlorination has 
rem 0 v e d 90 per c en t 0 f c h lor 0 form 
formed during water treatment (Siemak et 
al. 1979). Waters high in the bromine-­
containing TRMs were difficult to treat 
by aeration because of a less favorable 
Henry's Law constant (Symons et al. 
1981). Aeration has traditionally been 
used for taste and odor control as well 
as iron and manganese oxidation. To be 
effective for the removal of volatile 
organics, the air:water volume ratio 
must be considerably greater, 20:1 
to 30:1 (Edzwald 1979). To remove THMs, 
aeration would have to follow chlorina­
tion. One possibly serious drawback 
would be the continued reaction of free 
chlorine residual with precursors, in 
the distribution system, to form addi­
tional THMs (Siemak et al. 1979). 
Precursors are not removed by the 
aeration process. Some studies have 
indicated that the air stripping process 
may be considerably less expensive than 
GAC treatment (Symons et a1. 1981; Kim 
and Stone 1979). Ari and Crittenden 
(1981) however, maintain that GAC 
treatment costs could be lowered con­
siderably through the use of various 
configurations of multistage adsorbers. 

The point of chlorination can be 
ad jus ted t ole sse n T HM for mat ion . 
Shindala and Mowry (1981) found that 
post-chlorination of Pearl River, Miss., 
water reduced TRMs at the plant, but 
the 7-day TRMs were still high. At the 
Huron water treatment plant in South 
Dakota, Harms and Looyenga (1977) 
concluded that post chlorination reduced 
the amount of chlorine used and possibly 
ultimate THM formation. Chlorination 



after settling reduced, but did not 
'eliminate, THMs (Trussell et al. 1979) 
because they can still form in the 
distribution system. When raw water was 
transported from the reservoir to the 
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treatment plant, the chlorine dose could 

be reduced to 1 mg/l. The lower dose 

reduced THMs and still controlled 

organism growth (Knoppert et al. 1980). 



RESEARCH PROCEDURES 

Watershed Characteristics 

The City Creek, Red Butte, Parleys 
Canyon, and Big and Litt Ie Cottonwood 
Creek watersheds supply water to Salt 
Lake County. Figure' 1 shows the loc a­
tions of the watersheds and their 
respective water treatment plants. The 
Deer Creek Reservoir watershed, also 
supplying culinary water to the Little 
Cottonwood Water Treatment Plant, was 
not included in the study because of 
travel and budget constraints. 

Most of the runoff from these 
watersheds occurs during the spring and 
early summer as a result of melting 
winter snowpacks. Low flows occur 
during late summer, fall, and winter 
(U. S. Forest Service 1979). All five 
streams are generally well within the 
State of Utah water quality classifica­
tion of Class C water (irrigation, 
stock, fish culture, recreation except 
swimming, industrial, and municipal 
after complete treatment). Their 
chemical characterizations, however, 
vary widely. Water in Little and Big 
Cottonwood Canyons is soft to moderately 
hard and the water in the remaining 
three streams is classified as hard. 
Little and Big Cottonwood Canyons are 
producers of waters with low concentra­
tions total dissolved solids (120 to 187 
mg/l) while the others produce higher 
concentrations (272 mg/l in City Creek). 
Stream pH varies from about 7.4 in Big 
Cot tonwood Creek to 8. a in Red But te. 

Bacteriological characteristics 
also vary widel y from stream to stream 
because of differences in land uses. 
All five streams have low levels of 
total coliforms, primarily because of 
strict waste disposal practices. People 
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in the watersheds are required to 
use vaul t storage for sanitary wastes 
other than kitchen and shower wastes 
(Hydroscience 1976). Water quality, 
hydrologic, and land use characteristics 
for the watersheds are given in Tables 1 
to 4, respectively. 

The geologic structure of the study 
area in the Wasatch Mountains is ex­
tremely complex. The rock formations 
are, for the most part, sedimentary 
strata which have been subjected to 
thrust faulting, folding, and complex 
faul t ing • The re are al so igneous rock 
intrusions. 

£ity Creek Canyon 

City Creek Canyon is a mountainous 
watershed with a moderately peaked 
hydrograph (significant soil contact 
time). It is forested with a mix of 
coniferous and dec iduous trees. The 
canyon contains outcrops of poorly 
consolidated sandstone, limestone, and 
water-laid tuff. City Creek is a 
primary .water supply for the Salt Lake 
Ci t Y Wa ter Department (SLCWD). No 
cabins, overnight camping, or permanent 
residenc'es are allowed. Publ ic use of 
the canyon is restricted to hiking, 
picnicking, and hunting. The public has 
unrestricted summer use of the lower 
portion of the canyon (cars by permit). 
The watershed is closed to the public 
during the remainder 0 f the year for all 
uses except hiking and limited vehicular 
access during hunting season. The flow 
is a low turbidity, pristine water 
suitable for drinking. In recent times, 
the microbiological quality of the 
canyon waters has been deteriorating. 
Increased levels of coliforms have been 
associated with periods of heavy use and 
construction activities. 
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Table 1. Chemical quality of water from seven Wasatch streams, 1964-68 water years (U.S. Forest Service 
1979). 

Mean discharge, in cubic 
feet per second 

Silica (Si02) (mg/l) 
Calcium (Ca) (mg/l) 
Magnesium (Mg) (mg/l) 
Sodium (Na) (mg/l) 
Bicarbonate (HC03) (mg/l) 
Sulfate (S04) (mg/l) 
Chloride (Cl) (mg/l) 
Nitrate (N03) (mg/l) 
Dissolved Solids (mg/l) 

Tons per acre-foot 
Tons per day 

Hardness as CaC03 
Calcium, Magnesium (mg/l) 
Noncarbonate (mg/l) 

Sodium adsorption ratio 
Specific conductance, in 

micromhos per centimeter 
at 25°C 

pH 

Little 
Cottonwood 

Creek 
67.8 

6.4 
27 
5.8 
.6.6 

77 
30 
7.5 
0.8 

120 
0.16 

21. 5 

91 
28 
0.3 

202 

7.4 

Big 
Cottonwood 

Creek 
73.8 

6.7 
40 
13 
6.9 

142 
36 
10 
0.4 

187 
0.25 

36.6 

153 
37 
0.2 

319 

7.8 

Mill 
Creek 

13.6 

8.3 
82 
26 

7.2 
231 
120 

9.1 
0.3 

380 
0.52 

14.0 

312 
122 

0.2 
576 

7.8 

Parleys 
Creek 

13.5 

12 
79 
24 
26 

263 
80 
38 
1.2 

401 
0.54 

14.5 

296 
80 
0.6 

647 

7.7 

Emigration 
Creek 

6.14 

15 
90 
27 
30 

287 
107 
38 
0.9 

464 
0.63 
7.67 

334 
100 

0.7 
727 

7.8 

Red Butte 
Creek 

3.34 

11 
76 
28 
22 

286 
94 
14 
0.4 

393 
0.53 
3.51 

305 
70 
0.5 

621 

8.0 

Notes: Sampling points are at canyon mouths, except for Red Butte Creek where the sampling point is 
above Red Butte Reservoir. 

City 
Creek 

6.01 

11 
66 
18 
12 

263 
17 
23 
0.1 

272 
0.37 
4.41 

239 
23 
0.3 

481 

7.6 

Discharge: Combined flow (creek channel and diversion) for Little Cottonwood, Big Cottonwood, 
and Mill Creeks; and residual flow (excluding diversions to Salt Lake City water 
supply) for Parleys, Emigration, and City Creeks. 

Sodium and potassium: Calculated and reported as sodium. 
Dissolved solids: Determined as residue on evaporation at ISO°C. 



Table 2. Bacteriological analysis of seven Wasatch streams for the years 1965 to 1976 (U.S. Forest 
Service 1979). (Total coliform/IOO milliliters of water.) 

Citl Creek Emi!1,ration Pariels Mill Creek Cottonwood Cottonwood 
Month Ave. Ran~e Ave. Ranli!e Ave. Ran~e Ave., Range Ave. RanS;e Ave. Rans,e Ave. Range 
January 3.60 0-240.0 6 1190 660-2260 20.4 0-920.0 138.9 0-2400 42.97 0-240 21. 22 0-240 

February 39.5 0-240.0 1 1827 430-7900 22.3 0-540 141 ;8 5-1600 29.88 0-130 15.47 0-130 

March 38.5 0-350 1197 200-4200 38.6 0-540 117.1 2-1600 39.27 0-240 35.32 0-240 

Apri 1 63.6 0-540 21 623 320-1000 36.5 0-540 310.5 2-3500 48.06 0-540 33.33 0-540 

May 72 .0 0-920 425 210-780 46.8 0-920 436.1 2-9200 63.47 0-540 32.6 0-240 

June 51.9 0-240 25 983 250-1910 19.8 0-920 503.4 8-5400 69.87 0-1600 27.42 0-350 

July 201. 7 0-2400 80 1903 1050-3120 5.9 0-130 1169.9 27-16000 74.7 0-1600 34.99 0-540 

August 304.6 0-1600 96 3483 860-6200 2.2 0-49 1125.3 30-16000 125.27 0-2400 37.11 0-240 
I-' 
.j::>. September 167.2 2-1600 32 2413 240-6800 0.7 0-23 599.5 8-4600 45.44 0-540 3l.42 0-240 

October 123.5 0-430 10 1365 60-4300 1.9 0-43 325.3 4-2400 47.45 0-930 30.23 0-240 

November 85.9 0-430 60 1100' 190-2950 1.4 0-20 215.4 6-2400 43.0 0-240 42.02 0-920 

December 43.8 0-1600 29 1195 90-3500 2.9 0-23 134.4 2-2400 39.5 0-280 26.25 0-240 

Ave~ 102.4 4.1-355.7 36 1475 380-3743 16.6 0-195.0 434.8* 27.6-1242.5 55.78 1.6-621.7 30.61 0.01-169.0 

Number of 
Samp1 e 11 6 11 11 11 11 
Years 
*Average for 1974 was 91.5 and 38.8 for 1975. 



Table 3. Summary of hydrologic characteristics, Wasatch Canyons (Hydroscience, Inc. 1976). 

Channel 
Average Average Annual Variation Losses Gaging 

Drainage Mean Stream Stream ' Annual Annual Peak of Annual 1964-1968 Station 
Stream Area Elevation Length Slope Precip. Discharge Discharge Discharge (c fs) Elevation 

(sq. miles) (feet) (miles) (it/ft) (in. ) 1930-1972 1938-1971 1930-1972 ( feet> 
(s9,. kms.) (meters) (km. ) (m/m) (cm. ) (cfs) (cfs) (meters) 

City Creek 17.7 7070 10 0.057 31.5 15.0 63 0.28 4800 
(45.8) (2155) (16.1) (80.0) (1463) 

Red Butte Creek 7.3 6700 3 0.13 30 5400 
(18.9) (2042) (4.8) (76.2) (1646) 

Emigration Creek 18.2 6450 10 0.044 28.6 5.60 36 0.54 1.4 4870 
(47. I) (966) (16.1) . 02.6} (1484) 

Parleys Creek 50.7 6960 12 0.041 30.8 22.6 113 0.41 2.9 4710 
(131.3) (2121) (19.3) (78.2) (1436) 

I-' 
Ul Hi 11 Creek 21.7 7950 10 0.071 38.0 13 .4 56 0.29 2.2 5050 

(56.2) (2423) (16.1) (96.5) (1539) 

Big Cottonwood 50.0 8890 13 0.054 44.2 64.5 360 0.22 6.5 4990 
(129.5) (2710) (20.9) (112.3) (152I) 

Little Cottonwood 27.4 9170. 11. 7 0.085 49.5 60.4 384 0.21 6.6 5080 
01.0) (2795) (18.8) (125.7) (1548 ) 



Table 4. Summary of use characteristics of Wasatch canyons and creeks (Hydro­
sc~ence, Inc. 1976). 

Canyon Canyon Use Water Use 

City Creek Canyon 1) Picnicking, Hiking 1) Municipal 

Red Butte Canyon 1) Natural Research Area 1) Municipal 

Emigration Canyon 1) Year Around Residential 1) None 

Parleys Canyon 1) Reservoir 1) Municipal 
2) Transportation 
3) Hiking, etc. 

Mill Creek Canyon 1) Summer Residential 1) Irrigation 
2) Picnicking 

Big Cottonwood Canyon 1) Residential 1) Municipal 
2) Skiing 2) Irrigation 
3) Picnicking 
4) Hiking, etc. 

Little Cottonwood Canyon 1) Skiing 1) Municipal .. 
2) Hiking, etc. 2) Irrigation 

Red Butte Canyon 

The Red Butte Canyon watershed has 
similar morphology and vegetation to 
City Creek. The canyon is closed to the 
public year round, and serves as a 
natural research area for environmental 
studies. Only a few landowners, mili­
tary personnel, and hunters have access 
to the area. As a result, the canyon is 
extremely pristine and the water quality 
represents natural cond-itions. The Red 
Butte Reservoir near the base of the 
canyon suppl ies cuI inary water to the 
Fort Douglas military reservation. This 
water is chlorinated and settled in an 
open reservoir. 

Parleys Canyon 

Parleys Canyon contains sparse to 
moderate vegetation and some foresta­
tion. Sagebrush, grasses, and deciduous 
trees dominate Parleys and Mountain Dell 
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Creeks, while conifers are more common 
~n the Lambs Creek watershed. The 
Parleys Canyon hydrograph is moderately 
peaked. The canyon is developed in 
parts and heavily traveled. Mountain 
Dell Reservoir, located at the conflu­
ence of the streams in the canyon, has 
a storage capacity of 3.95 million m3 , 
is a primary water supply for SLCWD, and 
is the site of the Parleys water treat­
ment plant. Below this point, the 
stream runs through a culvert underneath 
a freeway that runs the length of the 
canyon. There are seasonal eutrophic a­
tion problems in the reservoir. Above 
the reservoir, are the Mountain Dell 
Golf Course, adjacent to parleys Creek, 
picnic sites on Mountain Dell and Lambs 
Creek, and limited cabin development on 
Lambs Creek. 

Big Cottonwood Canyon 

Big Cottonwood Canyon 
mountainous with moderate 

is 
to 

very 
steep 



slopes and steep rocky walls consisting 
mainly of exposed rock outcrop with 
pockets of shallow to bedrock soils. As 
a result, the runoff hydrograph has a 
very sharp peak (short wa ter detention 
time). Predominately coniferous forest­
ation with significant amounts of 
undergrowth are found. This canyon has 
moderate to heavy year-round recreation­
al and residential use. Peak use is 
during July and February. Activities 
include picnicking, hiking, fishing, 
camping, hunting, and skiing at Brighton 
and Solitude ski resorts. As in the 
other canyons used by SLCWD for domestic 
water supply, all sanitary waste is 
stored in vaults or holding tanks. 
Ki tchen and shower waste is sent to a 
septic tank system although soils are 
mostly unsuitable for this purpose. The 
relatively high quality of water at the 
mouth of this canyon reflects the good 
wastewater management program, and the 
geology of firm granitic rock. This 
water is treated at the Big Cottonwood 
Creek water treatment plant. 

Little Cottonwood Canyon 

Little Cottonwood Canyon is ex­
tremely mountainous with very steep 
slopes and geology similar to Big 
Cottonwod Canyon. It has predominate­
ly coniferous forestation. Recreational 
use is the heaviest of all canyons and 
includes hiking, rock climbing, fishing, 
hunting, and skiing at the Alta and 
Snowbird ski resorts. Very few perma­
nent residences 1 ive in the canyon. 
A pressure pipe sewer carries most of 
the wastewater out of the canyon. The 
microbiological water quality of Little 
Cottonwod Creek deteriorated during the 
construction of the Snowbird ski resort 
facility from 1970 to 1973 and has been 
in a state of transition since. But, 
even with very intensive winter use, in 
both Cottonwood canyons, total coliform 
concentrations have risen very 1 ittle. 

Deer Creek Reservoir 

Although not included in the study 
area, the 18.55 x 10 7 m3 Deer Creek 
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Reservoir in the Provo River drainage 
south of Salt Lake County also provides 
water to the Metropolitan Water Depart­
ment after treatment at the Little 
Cotton~od Metropolitan water treatment 
plant. This reservoir supports con­
siderable recreational activity during 
summer months. The valley ups tream of 
the reservoir is heavily developed for 
agriculture and dairying. Resultant 
nonpoint nutrient loadings have created 
eutrophic reserVOl.r conditions (Garner 
1982) . 

Water Treatment Plant 
Charac teristics 

Salt Lake City Water 
Department 

Salt Lake City operates three major 
conventional drinking water treatment 
plants: City Creek, Parleys, and Big 
Cotton~od Creek (see Figure 1). Treat­
ment consists of rapid mix, floccula­
tion, sedimentation, rapid sand filtra­
tion, and clearwell unit processes. 
Prechlorination is normally practiced at 
rapid mix. Occasionally, the treated 
water is postchlorinated before filtra­
tion to maintain an adequate residual 
throughout the di stribut ion system. A 
generalized schematic of the treatment 
processes at the plants is shown in 
Figure 2.. The City Creek water treat­
ment plant has a capacity of 15 mgd (5.7 
x 104 m3 /d) and treats City Creek 
water. "The Parleys plant has a capac ity 
of 32 mgd (12 x 104 m3 /d) and treats 
Mountain Dell Reservoir water (d irec tly 
above the plant) as its influent source. 
The Big Cotton~od treatment pI ant has 
a capacity of 42 mgd (15.9 x 10 4 

m3 /d) and treats Big Cottonwood Creek 
water. 

Metropolitan Water District 
of Salt Lake 

The Little Cottonwood Metropolitan 
water treatment plant, located at the 
base of Little Cottonwood Canyon (Figure 
1), serves both Salt Lake City and 
County. It has a capacity of 100 mgd 
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(38 x 104 m3 /d) and receives water 
from Litt le Cottonwood Creek and Deer 
Creek Reservoir. As shown in Table 5, 
Deer Creek Reservoir accounts for about 
65 percent of the treated water annually 
with heaviest use occurring in the 
winter, summer, and fall seasons. This 
water is delivered via aqueduct to the 
treatment plant and is normally chlori­
nated at the reservoir outlet (0.5 mg/l 
chlorine) to control bacterial growth 
during transport. The water treatment 
processes are similar to those employed 
at the city treatment plants, but there 
are also aeration basins prior to the 
rapid mix and a potassium permanganate 
(KMn04) feed at the raw water influent 
(Figure 3). KMn04 is applied to 
reduce taste and odors during problem 
periods. Minor amounts of chlorine are 
added at the rapid mix to control algal 
and bacterial growth during treatment. 
Po s t-c hI orina t ion 1S used pr ior to 
filtration to maintain a residual. 

Analytical Methods 

The waters were analyzed for: 
trihalomethanes (THMs); total organic 
carbon (TOC); free and combined chlorine 

residuals; pH; temperature; and turbid­
ity. In addition, water flow was 
measured. 

THMs at the part per billion (~g/l) 
level were measured using a Tekmar 
LSC-ll liquid sample concentrator 
(purge and trap) followed by a Hewlett 
Packard2 5750 gas chromatograph with a 
Ni63 electron capture detector. TOC at 
the part per million (mg/I) level was 
measured with an Oceanographic Interna­
tiona1 3 oxidation infrared total 
carbon analyzer. Total and free chlo­
rine residuals were measured with a 
Hach4 DPD colorimetric comparator kit­
in the field, and a Wallace and Tier­
nan 5 am per 0 met ric tit rat 0 r i nth e 
water treatment plants. A Corning Model 
130 6 digital display meter with a 

ITekmar Company, Cincinnati, OH. 
2Hewlett Packard, Avondale, PA. 
30ceanographic International, 

colle~e Station, TX. 
Hach Company, Loveland, CO. 

5Wallace and Tiernan, Belleville, 
NJ. 

6Corning Glass Works, Corning, NY. 

Table 5. Percentages of Little Cottonwood Creek and Deer Creek Reservoir influent 
waters treated during 1981 and 1982 at the Little Cottonwood Metropolitan 
Water Treatment Plant. 

Deer Creek Little Cottonwood 
Reservoir Creek 

Seasonal 1981 1982 1981 1982 

Dec.-Feb. 68% 64% 32% 36% 

Mar.-May 50% 48% 50% 52% 

Jun .-Aug. 68% 66% 32% 34% 

Sep.-Nov. 69/~ 75% 31% 25% 

Annual 66% 65% 34% 35% 
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calibrated standard glass electrode 
was used for pH measurements. Turbidity 
'NaS measured as Nephelometric Turbidity 
Units (NTUs) in the 1 aboratory wi th a 
BACH Model 2100A turbidimeter. Stream­
flow velocities were taken with a Marsh 
McBi rney 7 pressure sensitive current 
meter. 

The TOC measurement was used to 
estimate TBM organic precursor concen­
trations. TOC has been used extensively 
as the best single parameter for pre­
dict ion of tr ihalomethane levels (Trus­
sell and Umphres 1978; Stevens et al. 
1976; Schnoor et al. 1979). TOC samples 
were collected in acid washed glass 
bottles with aluminum foil seals, 
preserved at pH 2 with phosphoric acid 
and cooled at 4"C. Samples were 
sonicated to break up any particul ate 
matter and three replicates of each 
sample were analyzed. All samples were 
analyzed within 7 days. 

Trihalomethane samples were col­
lected and analyzed according to 
USEPA regulations (Federal Register 
1979), except for the addition of 
ascorbic acid to quench chlorine for 
instantaneous TBM measurement (Kissinger 
and Fritz 1976). Further information on 
the trihalomethane analysis can be found 
in Peters et al. (1981). 

Definitions 

THM measurements include instan­
taneous, terminal, formation potential, 
and maximum potential. All THMs are 
measured as is the arithmetic sum of all 
four forms (CHC13, CHBrC12, CHBr2Cl, 
CHBr3) • The measurements are defined 
as: 

1. Instantaneous TBM (inst-TTHM) 
is the TBM concentration at the time of 
sampl ing. 

2. Terminal THM (term-TTHM) is 
measured from a sample stored at 25"C 
for seven days before analyzing in order 
to allow complete TBM formation. 

7Mars h McBirney, Gaithersburg, MD. 
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3. TBM formation potential is the 
difference between terminal and instan­
taneous THMs. 

4. Maximum THM potential (MTP) is 
measured from a sampl e which is chlori­
nated with excess chlorine, usually 15 
mg/l, and stored at 25"C for 7 days in 
order to allow maximum precursor reac­
tion with the free chlorine. 

the ar ith­
THM forms 

CHBr3)' 

Total THMs (TTBMs) lS 

metic sum of all measured 
(CHC13, CHBrC12, CHBr2Cl, 

The Utah Water Research Laboratory 
certified its trihalomethane analysis 
with the state and USEPA in March of 
1980. USEPA and internal quality 
control audits were conducted at the 
laboratory during this study to maintain 
certification and substantiate the 
accuracy of the analysis. Quality 
assur ance data may be found in Append ix 
D. 

Sample Collection and Treatment 

Watersheds 

To determine the seasonal variation 
of THM precursor concentrations from the 
five S~lt Lake County watersheds, 
sampling stations were established at 
locations upstream and downstream of 
known land uses, stream tributaries, and 
potent 1 areas of water pollution. 
The stream sampling locations are 
presented in Figure 4. Water tempera­
ture, TOC, and streamflow were measured 
on thr ee cons ec u t ive days quart er 1 y 
(November, February" May, August) during 
1980-81 at the primary watersheds 
(Parleys, Big and Little Cottonwood) and 
two consecutive days three times a year 
(November, May, August) for the secon­
dary watersheds (City Creek and Red 
Butte) for a one year period. In 
addition, monthly data were collected 
from Parleys watershed and analyzed 
for the same parameters, for correlation 
to concurrent reservoir sampling in the 
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area. Existing gaging stations were used 
where possib le for streamflow measure­
ments. When gaging stations were not 
available, man-made structures or 
natural stream channel cross sections 
were used. Grab samples were collected 
in the zone 0 f compl ete mixing. Add i­
tional sampl ing stations were util ized 
as needed according to supplement the 
preliminary results. 

Groundwater 

Groundwater sources from selected 
deep and shallow wells in the Salt Lake 
County valley were also examined. Grab 
samples were collected in the spring and 
late summer to correspond to high and 
low water table elevations. These were 
an al yzed for TOC and ins t-TTHM, and 
maximum THM potential (MTP) to determine 
their contribution to the trihalomethane 
problem. Refer to the section on water 
treatment and distribution for the well 
locations. 

Surface Runoff and Stormflow 

Two approaches were used to es ti­
mate precursor loading during rain and 
snow events. First, surface runoff 
collection stations, utilizing specially 
designed collectors, (Figure 5) were 
located at potential runoff source areas 
such as agricultural, urban, sparsely 
vegetated, and recreational, on Parleys, 
Big Cottonwood, and Red Butte watersheds 
(Figure 6). These areas were considered 
to be indicative of the five watersheds 
being evaluated. The flow rate was 
es t ima ted from the volume 0 f runof f 
water collected over a measured period 
of time, and TOC was measured to approx­
imate total precursor mass contributed 
to the receiving stream from each 
run-off area. Second, grab samples were 
obtained from the mouths of Big Cotton­
wood Creek at site Bl and the mouth of 
Little Cottonwood Creek at site L1 
(Figure 4) during rainfall events and 
analyzed for TOC, MTP, and turbidity. 
Attempts were made to sample during 
surface runoff periods. 

23 

Mountain Dell Reservoir 

Additional sampl ing was cond uc ted 
at Mountain Dell Reservoir on August 1, 
1981. The objective was to measure the 
distributions of precursor and TTHM 
concentrations at different depths and 
to compare the results with measurements 
from stream sampling. Water is released 
from the reservoir through a mult level 
ou t let wo r k s tot he Par ley s wa t e r 
treatment pl ant. The reservoir is 
dimictic and exhibits weak summer 
stratification in the main basin (Hanson 
et al. 1983). Morphological character­
istics of the reservoir and contributing­
streams are given in Table 6. 

Water temperatures in the reservoir 
at the time 0 f sampl ing were between 11 

Table 6. Morphological characteristics 
of Mt. Dell Reservoir and the 
major creeks in the watershed 
(Hanson et al. 1983). 

Mt. Dell Reservoir 

Drainage basin 
Surface area 

(max .) 
Volume (max.) 
Depth (mean) 
Depth (max.) 
Mean retention 

time 

Parleys Creek 

Dr ainage area 
Mean flow 

Dell Creek 

Drainage area 
Mean flo~v 

Lambs Creek 

Drainage area 
Mean flow 

130.8 kilometers 2 

0.34kilometers2 

3.95 x 195 meters 3 

11.8 meters 
30.5 meters 
0.16 years 

58. a kilometers 2 

0.314 meters3Jsec 

48.2 kilometers 2 

0.337 meters 3Jsec 

24.6 kilometers 2 

0.171 meters 3Jsec 



Rainfall r 
Shield - .. 
Trap Door 

COllee~ 
Tray 

Float 

Collection 
Bucket ---

50.5 

SIDE VIEW 

- 70 em:= , 
17 
em 

Connections 

-r---------- 6 I cm --------_.i 

Timer 

T 
37 
cm 

Collector 
Box 

- - - - - - - - - --tf==========( 
I 
I 
I 
I 12.7 
I cm 

I TL...--..I.I 
I 

Trap Door 

Float 35.5 
..... --JlL Attachment 

L - - - - - - - - -P=========~--L-

t---34.5 c m ---...... 1. ___ - 35 c m 

PLAN VIEW 
(without shield) 

Rear 
Cover 

Figure 5. Schematic of surface runoff collector and apparatus (George and Cook 
1981). 

24 



Forested 

SALT LAKE CITY 

N 

"\ ' 

LITTLE COTTONWOOD'~ : ... 
WATER TREATMENT /~ , 
PLANT '---~' 4 . 

{ ". ~"'?~61d!Jct 
Deer Cte:Gk .. :::-. 
ReservOir 
/lqueducl 

•• .",..--==1--- Forested 

1.,----.'-Clay to Sand 
Oak-Cottonwood-Birch-Alder 

ail!::----"'r-Sondy Clay Loam 
Cottonwood-Birch-Alder 

.~.-="*,,'-------=,,",,, Sparse Vegetation - Plains 

.... ~,..--------t-- Cobbly Loom-Sagebrush 

LEGEND 
Surface Runoff Collector • 

Leaf Litter and Soil Sampling • 

Non-research Areas m 

Figure 6. Surface runoff collection and leaf litter and soil sampling sites on the 
Salt Lake County watersheds. 

25 



and 20°C, close to the July maximums 
(see Table 7). The temperature data in 
Table 7 for site C indicate that the 
reservoir was approaching fall turnover 
(homogeneous temperature with depth) but 
temperature stratification still existed 
(Hanson et al. 1983). TTHM concentra­
tions from reservoir treated water had 
been shown to increase during this time 
period (Peters et al. 1981), presumably 
due to increased temperatures and 
greater biological activity. 

Grab samples were collected at 3 
meter depth intervals from the water 
surface to the bottom with a Van Dorn 
depth sampler. Additional grab samples 
were collected at the gaged stations on 
Mountain Dell and Parleys Creeks (reser­
voir influent streams), stations Pll and 
P2 respectively, and at the Parleys 
water treatment plant influent and 
effluent. Reservoir and stream samples 
were measured for TOC, temperature, 
pH, and MTP. Treatment pl ant sampl es 
were measured for the same parameters 
and term-TTHM instead of MTP. 

Leaching 

Parleys Canyon watershed was 
sampled for selected leaf litter and 
soils in the riparian zone, and these 
sources were evaluated to determine 
their potential for contributing THM 
precursors. Sampling locations were 
selected to represent the observed major 
vegetation types of the watershed 
(Figure 6). The size and numbeli: of 
samples were selected to be representa­
tive of the sample area. Leaf litter 
was gathered by hand, and a 6 inch deep 
surface soil core sample was collected. 
All samples were cooled to (4°C) until 
processed. 

Once in the 1 ab or atory, soil and 
leaf litter were oven dried at 105°C, 
c r us he d, and we i g h e din t 0 f 1 ask s • 
The leaf litter samples were buffered at 
approximately pH 8 with sodium bicarbon- \ 
ate because large amounts of leaves fall 
directly into the stream, which is a 
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buffered system. So il sampl es were not 
buffered. Millipore reagent grade water 
was used as the leaching solution. The 
leaching ratios were 2 gm leaf 1 itter 
into 200 ml water (1:101) and 20 gm soil 
into 200 ml water 0:11). All samples 
were pl aced on a shaker at 100 rpm for 
24 hours at room temperature. The 
leachate was then prepared for analysis 
by filtering it through washed and 
muffl ed GF / C g lass fiber filters. An 
appropriate dilution was made for the 
TOC anal ysis, and a buffered (to stan­
dard ize sampl es for later comparison) 
dilution was made for THM analysis. THM 
vials were chlorinated and stored 
following the MTP procedure. 

Water Treatment and 
Distribution 

To monitor the exposure of Salt 
Lake County residents to THM compounds, 
ten samples from the county distribution 
system, nine influent and effluent 
samples at the water treatment plants, 
and two s ampl es from a storage reservoi r 
were collected monthly for a l-year 
period. Figure 7 shows the locations of 
the sampl ing stations 1 isted in Table 
8. 

The City Creek, Parleys, Big and 
Little Cottonwood water treatment 
plants were sampled at approximately the 
same time of day each month. Distribu­
tion and reservoir samples were analyzed 
for inst-TTHM, free and total chlorine 
residuals, and temperature. Treatment 
plant measurements were inst-TTHM, 
term-TTHM, TOC, chlorine residuals, and 
temperature. Tap water samples collect­
ed at distribution stations other than 
treatment plants were allowed to run for 
approximately 2 minutes before sampling. 

Unit Processes Analysis 

To correlate any release 0 f TTHMs 
in Salt Lake County treatment plant 
effluent waters with raw water sources 
and treatment plant practices, the 
Parleys, Big Cott onwood, and Li tt 1 e 



Table 7. Water temperature (Oe) for Mt. Dell Reservoir during 1980-1981 (Hanson et al. 1983). 

Site and 
Depth (m) Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun. Jut. Aug. Sep. Oct. Nov. 

es 19.1 13.8 6.7 1.0 1.0 0.3 loSs 4.1 12.7 16.2 21.2 19.7 17.8 14.7 7.8 
e3 18.7 13.5 6.6 3.0 2.3 1.5 4.3 12.3 14.0 20.2 19.7 17 .7 15.0 8.0 
e6 18.2 13.5 6.6 3.3 3.3 3.6 4.4 10 .1 11.6 15.9 18.3 17.7 15.0 8.1 
C9 17 .8 13.5 6.5 3.5 3.5 2.6 4.4 9.1 10.3 13.8 16.7 17. 7 15.0 8.1 
Cl2 17.6 13.4 6.5 3.6 4.2 8.0 9.6 11.9 15.4 17.2 14.7 8.0 
CIS 17 .4 13.3 3.6 6.9 9.2 11.0 14.4 17 ;1 14.7 8.1 
CIS 17.1 3.4 6.2 9.1 10.5 13.4 17 .0 
C21 16.0 3.5 6.1 B.9 9.8 11.6 
C24 B.8 9.5. 
el7 B.7 9.3 

JS 19 .5 13.9 7.5 13.0 16.4 
tv J2 7.2 12.9 15 .• 4 21.0 20.1 ..-J 

J3 19 .2 13 .6 7.2 12.3 14.8 20.2 20.0 
J4 12.0 13.7 18.7 19.8 
.16 18.9 13 .1 10.4 11.8 16.0 18.7 
JB 9.7 10.7 14.3 17 .3 
J9 113.3 10.3 10.4 13.7 16.7 
J10 9.7 10.1 13.1 16.4 
J12 17 .7 8.7 9.8 12.4 15.8 
J15 9.5 14.8 

l'S 19.4 ll •. 6 13.3 16.4 20.7 20.0 
}l Ii 19.4 13 .8 10.1 11.8 15.4 19.5 

DS 19 .5 14 .1 13.2 15.8 20.8 19.9 
DH 19.4 14.0 12.2 11 .5 15.1 17.8 

a Shore Ii ne gr ab samp 1 e 
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Table 8. List of Salt Lake County locations sampled from September 1980 to Decem­
ber 1981. 

Station Number 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

16 
17 

Station Location and Description 

City Creek water treatment plant 
Parleys water treatment plant 
Big Cottonwood Creek water treatment plant 
Little Cottonwood Creek water treatment plant 
8644 South 3500 East, Residence 
Salt Lake Metro Water District 33rd South terminal reservoir 
3616 East Hermes 4135 South, Residence 
851 East North.Crest Drive, Residence 
2727 East Kentucky, Residence 
2475 East 3300 South, Residence 
Bonneville Golf Course 
Liberty Park, Greenhouse 
Utah Capitol Building 
1855 South Industrial Road 1800 West, Business 
145 Wright Brothers Drive, Salt Lake International Center, 

Business 
Groundwater Well 1656 (deep), 6475 South 2650 East 
Groundwater Well 1657 (shallow), 4800 South 900 East 

Cottonwood treatment pl ants were moni­
tored before and after each unit pro­
cess. The samples were taken during 
spring runoff and late summer to 
evaluate critical seasonal and watershed 
use periods. In addition, water samples 
were obtained at one product water 
storage reserV01r affil iated wi th each 
plant. All samples were grab samples. 

An attempt was made to perform all 
sampling during periods of fair weather, 
and unit processes were sampled based on 
hydraulic flow time, calculated for the 
actual .flow thFough the plants, to 
minimize any precursor loading fluctua­
tions. Analyses included inst- and 
term-TTHM, Toe, chlorine residuals, pH, 
and temperature. 
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RESULTS AND DISCUSSION 

Watersheds 

The runoff from watersheds contri­
buting to Salt Lake County's surface 
water supply was studied for the year of 
1980-1981. The primary watersheds were 
Parleys, Big and Little Cottonwood. 
Secondary watersheds were Red Butte and 
City Creek. The Red Butte watershed is 
closed to the general public and was 
considered a "control" watershed. A map 
of the study area and a list of sampling 
stations are presented in Figure 8 and 
Table 9. The raw data are in Appendix 
A. 

Stream Discharge 

Water year 1980-1981 had below 
normal runoff from watersheds in the 
Wasatch Mountains. Approximate per­
centages of normal discharge (25 years 
of record, 1955-1980) for the watersheds 
studied were: 

Little Cottonwood Creek 98% 
Big Cottonwood Creek 79% 
Parleys Canyon 65% 
Red Butte Creek 56% 
City Creek 82% 

Plots of monthly flows from the contri­
buting watersheds in Figures 9 to 13 
(data from U.S. Geological Survey 1981 
and Salt Lake City Water Department 
198!) show a general trend of slightly 
greater than normal discharge in the 
fall of 1980 and considerably less 
than normal discharge during spring 
runoff. 

Temperature 

Table 10 summar~zes 

water temperature data 
stations on all streams. 

the quarterly 
a t down s t ream 

Sampl ing was 
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performed at different times at differ­
ent stations, but, as much as possible 
during the same period of the day for a 
given station on each of the three 
consecut ive samp1 ing days. It was not 
always possible to maintain the same 
time schedules from one quarter to the 
next. Stream temperatures can be 
affected by the time of day, stream 
channel characteristics, riparian 
(stream bank) vegetation, water source, 
and other factors (Hart 1978). Diurnal 
maximum and minimum stream temperatures 
occur during afternoon and early morning 
periods, respectively. Small, shallow 
stream channels experience greater water 
temperature fluctuations than large, 
deep channels. 

In the qua r t e r 1 y s am pIe s, the 
maximum measured water temperature was 
17.0°C in Mountain Dell Creek during 
August. The minimum was 0.5 u C in 
Parleys Creek during February. Li ttl e 
Cottonwood Creek had consistently lower 
water temperatures than did the other 
streams,except in February, because of 
its source in melting snow from high 
elevations. February temperatures were 
lowe r for t he Par leys Canyo n s tr eams 
than the Cottonwood streams because of 
earlier sampling times on smaller 
s t ream s . A Iso the Par ley s C r e e k 
temperature was measured below the 
gaging station, which was ponded and 
iced. 

Table 11 shows monthly water 
temperatures for the Parleys Canyon 
watershed. Temperatures dropped to 
freezing during the winter months and 
rose to peak levels in July. Tempera­
tures stayed high during summer months 
and began to decrease ~n the fall. 
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Table 9. List of Salt Lake County watershed sampling stations for quarterly and 
monthly sampling, 1980-1981 

Station 
Label 

11 

Station Location and Description 

Little Cottonwood Creek at the 15 ft (4.6 m) Parshall flume 
near Little Cottonwood treatment plant 

L2a Little Cottonwood Creek at Wasatch Resort aqueduct intake 
to Little Cottonwood treatment plant (aqueduct gaged) 

L3 Little Cottonwood Creek at the Whitepine trailhead access 
(ungaged stream cross section) 

L4a Little Cottonwood Creek at the Snowbird Gad parking lot 
(ungaged culvert) 

L5 a Little Cottonwood Creek at Alta near the ski jump, up­
stream from the main lift area (ungaged culvert) 

Bla Big Cottonwood Creek at the 20 ft (6.1 m) Parshall flume 
near Big Cottonwood treatment plant 

B2a Big Cottonwood Creek at the Argenta 12 ft (3.7 m) Parshall 
flume 

B3a Big Cottonwood Creek just downstream from the Spruces 
campground (ungaged stream cross section) 

B4a Big Cottonwood Creek at the Alpine forest camp (ungaged 
culvert) 

PI Parleys water treatment plant--influent 

P2a Parleys Creek at the stilling well gage upstream from 
Mountain Dell Reservoir 

P3 Alexander Creek near its confluence with Parleys Creek (un­
gaged stream cross section). 

p4 Parleys Creek at the upstream end of Mountain Dell Golf 
Course (ungaged stream cross section) 

P5 a Parleys Creek just upstream from the Lambs Creek con­
fluence (ungaged stream cross section) 

P6a Parleys Creek about 1 mile (1.6 km) upstream from site P5 
(ungaged stream cross section) 

P7a Lambs Creek about 1/4 mile (0.4 km) upstream from the 
freeway undercrossing (ungaged stream cross section) 
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Table 9. Continued. 

Station 
Label Station Location and Description 

psa Lambs Creek on the south fork near north fork confluence 
(ungaged culvert) 

P9a Lambs Creek on the north fork near south fork confluence 
(ungaged culvert) 

P10 Lambs Creek on an upper north fork tributary (ungaged 
stream cross section) 

Plla Mountain Dell Creek at the stilling well gage upstream from 
Mountain Dell Reservoir 

P12a Mountain Dell Creek about 1 mile (1.6 km) upstream from the 
Mountain Dell agricultural area (ungaged stream cross 
section) 

Rla Red Butte Creek at the chlorination house below Red Butte 
Reservoir (gaged) 

R2 a Red Butte Creek upstream from Red Butte Reservoir at the 
Parshall flume 

R3 a Red Butte Creek in the upper section of the canyon at a 
small research Parshall flume (ungaged) 

Cla City Creek immediately upstream from the City Creek treat­
ment plant (gaged) 

C2a City Creek about 1/4 mile (0.4 km) past the upper picnic 
area (ungaged stream cross section) 

astations with complete data for the sampling period. 
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Table 10. Summary of downstream water temperatures for watersheds sampled quarterly during 1980-81. 

Temperature '[""C') 

s Mounta Red City 
Date Cottonwood Cottonwood Creek Creek Dell Creek Butte Creek 

Creek (L2) Creek (Bl) (P2) (p]) (PI}) Creek (R3) (cl) 

11/14/80 2.0 3.0 3.0 3.0 4.5 1.5 2.0 
11/15/80 2.0 3.0 3.0 3.0 4.5 1.5 2.0 
11/16/80 2.0 3.0 3.0 3.0 4.5 

2/21/81 4.0 4.0 0.5 2.5 4.0 
2/22/81 4.5 4.0 0.5 2.0 2.5 

LV 2/23/81 5.0 4.0 0.5 2.5 2.5 
Ul 

5/23/81 7.0 10.0 13 .0 10.5 13 .0 15.5 11.0 
5/24/81 7.0 9.0 12.5 10 .0 13.0 14.0 10.5 
5/25/81 8.0 10.0 12.5 9.5 12.0 

8/12/81 12.5 14.0 14.0 13.0 17.0 13 .0 12.0 
8/13/81 12.5 13 .0 15.0 10.0 16.0 14.5 13.5 
8/14/81 11.5 12.5 16.0 12.5 22.5 a 

aQuestionable value--sampled earlier in the day. 
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On February 22, 1981, during 
quarterly sampling, a 12-hour contin­
uous sampl ing was performed at the Big 
Cottonwood Creek water treatment 
plant near station Bl to evaluate 
organic precursor concentration fluctua­
tion with t irne and water temperature. 
During the 6 AM to 6 PM period, in which 
sampl ing was performed at hourly inter­
vals, precursor concentrations expressed 
as total organic carbon, were within a 
small range of 0.7 to 1.2 mg/l and did 
not show a correlation to, the time of 
day. 

Organic Precursor Loading 

In order to determine the amount of 
precursor material produced by a stream 
and to compare amounts among streams, 
the mass loading must be estimated from 
the concentration of the parameter and 
the rate of streamflow. Precursor mass 
loading per unit time was determined 
from the mass balance equation (WHO 
1978) : 

where 

LOAD::: K'C'Q 

LOAD ::: precursor load in kg total 
organic carbon/d, 
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K ::: a conversion constant 
(2.4465), 

C total organic carbon in 
mg/l,and 

Q ::: streamflow ~n ft 3 / s. 

The average results and coefficients of 
variation are shown in Table 12. The 
time patterns over the year of mean 
seasonal - organic precursor loading for 
the watersheds are presented graphically 
in Figur_es 14 through 20. 

Little Cottonwood Creek. Station 
L2 on Lit tIe Cottonwood Creek (Figure 
14) had low precursor loadings (Table 
12) dur ing November, February, and 
August (20 to 28 kg/d) but the amount 
increased to 989 kg/d, during spring 
runoff. The measured streamflow in May 
was 63 percent of the average for that 
month. The other three sampling 
stations also exhibited high loadings 
during May. Data for May and August 
show that loading increased from head­
waters to stream mouth (according to 
station order). During November and 
February, however, downstream station 14 
had greater pr ec ur s 0 r load i ngs than 



Table 11. Summary of downstream water temperatures for Parleys Canyon 
watershed monthly sampling during 1980-81. 

TemEerature CUC} 
Parleys Lambs Mountain 

Date Creek Creek Dell 
(P2) (P7) Creek (P10 

8/28/80 9.0 8.0 10.0 
11/08/80 7.5 6.5 8.0 
12/11/80 0.5 2.0 0.0 
1/10/81 0 0.5 0.0 
2/07/81 0 1.0 1.0 
3/07/81 2.0 3.0 3.0 
4/04/81 2.0 1.5 2.5 
5/02/81 
6/06/81 9.0 8.0 9.5 
7/06/81 12.0 10.0 13.0 
8/01/81 10.0 9.0 11.0 

Table 12. Summary of mean precursor loading and coefficient of varia-
tion for quarterly sampling of contributing watersheds from 
November 1980 to August 1981 (n=3). 

Mean Precursor Load (kg/d) 
(Percent Variation) 

Station November February May August 

L1 850.4 
(38.8%) 

L2 24.0 20.5 989.0 28.1 
(30.8%) (22.4%) (37.7%) (2.8%) 

L3 398.0 13.7 
(27.3%) (10.2%) 

L4 45.2 25.7 144.1 11.6 
(87.6%) (59.1%) (41. 9%) 

L5 6.0 ICED UP 87.3 2.2 
(60.0%) (51.5%) (22.7%) 

B1 33.3 94.9 887.1 60.5 
(4.1%) (48.4%) (Is .0%) (41.2%) 

B2 20.9 29.6 335.2 44.1 
01.0%) (56.8%) (4.7%) (33.1%) 

B3 13.4 23.1 319.7 79.7 
(42.5%) (44.2%) 07.7%) (45.2%) 

B4 4.8 2.7 52.7 39.8 
00.4%) (37.4%) (9.3%) (91.7%) 
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Table 12. Continued. 

Mean Precursor Load (kg/d) 
(Percent Variation) 

Station November February May August 

PI 40.3 20.0 68.0 
(41.7%) (53.7%) 

P2 6.8 11.0 200.4 6.7 
(7.4%) (30.0%) (26.2%) (11.9%) 

P3 5.9 

P4 145.3 6.3 
(8.6%) (20.6%) 

P5 1.9 3.0 28.5 4.9 
(15.8%) (23.3%) (11.6%) (12.2%) 

P6 2.0 
(30.0%) 

P7 3.1 7.9 122.2 9.7 
(29.0%) (32.9%) (5.7%) (42.3%) 

P8 0.5 1.1 16.4 2.7 
(20.0%) (72.7%) (43.9%) (7.4%) 

P9 1.3 4.5 47.7 7.7 
(15.4%) (46.7%) (24.3%) (3.9%) 

P10 4.0 
(40.0%) 

Pll 4.2 9.9 257.9 6.9 
(31.0%) (4.0%) (16.7%) (18.8%) 

P12 1.3 3.0 221.1 4.0 
(30.8%) (43.3%) (17.3%) (25.0%) 

R1 1.6 65.7 9.4 
(31. 3%) (5.8%) (3.2%) 

R2 2.9 102.6 6.8 
(20.7%) (13.9%) (23.5%) 

R3 1.5 55.8 1.3 
(13.3% ) (1. 6%) (30.8%) 

C1 8.3 262.9 10.9 
0.2% ) (9 • .2%) 

C2 3.4 141.2 7.7 
(2.9%) (21.4%) (51. 9%) 
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upstream station L2 (station L3 was not 
sampled during these periods). It 
was not possible to sample station 5 
during February because of icing. 
Mean precursor concentrations at station 
14 were sl ightly greater than station 
L2, 1.0 and 0.6 mg TOC/l respectively, 
for both November and February. This 
was due to greater prec ur sor concentra­
tions (2.2 mg/l) on November 14 and 
February 23 as compared to the other 
dates. It is not known why the concen­
trations were larger on these dates. 
Station L5 also had a higher precursor 
concentration on the first sampling date 
in November (1.3 mg/1). 

A statistical package for unbal­
anced analysis of variance (RUMMAGE) 
was used to evaluate season and location 
differences within watersheds for the 
various parameters measured. A signifi­
cant statistical difference was not 
found between stations L2 and L4 during 
November and February for precursor 
concentration or precursor load. This 
means that the variability within each 
set of samples was too large for the 
differences among means to be considered 
significant. Therefore, it cannot be 
concluded that natural or other non­
point sources were creating a signifi­
cant increase in precursor loading 
upstream from station 14. 

During May, mean precursor concen­
trat ions increased going downstream, as 
did streamflow (see Appendix A, Table 
A-I, for data). This resulted in the 
increased loadings going downstream. 
The maximum precur sor concentrat ion 
recorded was 3.4 mg/l at stations Ll and 
L3. In August, stations 2 through 5 
produced precursor concentrations of 
0.5 mg/l. Streamflow quantity was 
responsible for increased loadings, 
going downstream, at this time. Water 
temperatures were highest in August at 
all stations, but based on precursor 
concentration data this did not result 
1.n higher concentrations of organic 

'precursor as compared to other seasons. 

From station L4 to L3, the mean 
precursor concentration increased 
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from 1.7 to 3.4 mg/l during May, but 
s t ream flo win ere as e d v e r y 1 itt 1 e 
because these sites are so close to­
gether (within 1 km). In contrast 
precursor concentration levels were 
essentially constant between stations L3 
and L2 while streamflow increased 
tm-fold. The area between stations L3 
and L4 is sparsely vegetated with 
conifers and shrubs, and has many 
granitic rock outcroppings. No tribu­
taries flow into the main channel, and 
no obvious nonpoint sources are there 
to explain the increased precursor 
concentrations. The reason for the 
precursor concentration differences 
between s ta tions L4 and L3 wa s not 
found. 

Precursor loading is a function of 
precursor concentration and total 
streamflow. During periods of high 
streamflow, loading calculations are 
more sens i t i ve to the magni tude 0 f 
the flow than to precursor concentra­
tion. Accordingly, inaccurate flow 
measurements alter loading estimates. 
Table 13 compares the average daily flow 
measured at the time of sampling (mouth 
of watershed), average daily flow for 
the month during this study, and the 
average dail y historic al flow for that 
month of the year. From the magnitudes 
of these. streamflow values, one can see 
that precursor loading was underesti­
mated markedly during May for 1980-81 
(37 percent) and historically (38 
percent) and also during August by 66 
percent and 29 percent respectively in 
Little Cottonmod Creek. 

The statistical tests for signifi­
cant season-location interaction differ­
ences for the Little Cottonwood Creek 
watershed (data in Appendix A, Table 
A-I) showed (a = 0.11 to 0.22) the 
differences for organic precursor 
concentration (two analyses were per­
formed for this watershed because 
of missing data) and the differences to 
be even stronger for precursor load. 
The greatest differences occurred during 
spring runoff. 



Table 13. Quarterly sampling average stream discharge versus 1980-1981 water year 
mean daily stream discharge and historical (40 years record or greater) 
mean daily stream discharge. a 

Stream Discharge (cfs) 
Watershed Classi fication November February May August 

Little Measured 17.1 14.7 108.4 22.9 
Cotton..-uod 1980-81 mean 20.5 15.4 172 .5 32.1 
Creek Historical mean 17.6 13.9 174.9 40.1 

Big Measured 27.2 22.2 151.4 38.7 
Cotton..-uod 1980-81 mean 27.5 21.7 158.9 27.6 
Creek Historical mean 26.4 23.0 197.8 37.9 

Parleys Measured 6.9 5.7 40.6 4.6 
Canyon 1980-81 mean 11 .3 8.8 52.6 8.4 

Historical mean 10.2 10.9 84.9 13.1 

Red Measured 6.8 30.3 9.4 
Butte 1980-81 mean 7.2 6.5 28.8 12.6 
Creek Historical mean 8.3 8.0 43.6 11.9 

City Measured 2.0 9.0 1.9 
Creek 1980-81 mean 2.0 1.8 5.3 1.6 

Historical mean 1.9 2.1 10.7 1.8 

aLocations of stream discharge measurements were at stream stations L1, B1, P2 
plus Pll, R2, and C1. 

Big Cottonwood Creek. The Big 
Cotton..-uod Creek watershed exhibited the 
greatest precursor loading during May at 
all sampling stations (Figure 15). The 
average precursor load was 398.7 kg/d 
over all stations, but a much larger 
mean peak load of 887.1 kg/d was ob­
served at station 1. The smallest load 
was dur ing the fall (November), averag­
ing 18.1 kg/d over all stations. Pre­
cursor load increased going downstream 
during all the seasons except summer 
w'hen the loadings at stat ions B3 and B4 
were higher relative to stations B1 and 
B2 than in other seasons (Table 12). 
Precursor loading at station B3, 
79.7 kg/d, was even greater than at 
station B1, 60.5 kg/d. The greater 
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loads at the upstream stations in August 
was associated with higher precursor 
concentrations. Both stations B3 and B4 
are downstream from heavily used summer­
time recreational and residential areas. 
WI:! He the analys is of variance did not 
indicate significant differences in the 
precursor load when comparing stations 
B3 and B4 with stations B1 and B2, 
during August, a significant difference 
in concentration was found when com­
paring station B4 to Bl and B2. 
Either the recreational activity and 
residences or the slower stream veloci­
ties and greater contact time, upstream 
of station B4, could have been respon­
sible for the greater precursor concen­
trations during August. 



The mean organic precursor concen­
tration for the year at station B4 was 
40 to 60 percent higher than at the 
o the r s tat ion son Big Cot ton wo 0 d 
Creek. However, the mean precursor load 
for the year was 75 percent smaller 
becaul3e of much lower flows at station 
B4. Signific an t statist ical differences 
were determined at a 95 percent confi­
dence interval (least squares differ­
ence) for organic precursor concentra­
tion between stat ion B4 and Bl, B2, B3. 
Further analysis of the season by 
location interaction produced differ­
ences during all seasons except spring 
(May) and summer (August) for stations 
B3 and B4. The area upstream from 
station B4 was therefore a significant 
produc tion area for organic precur sors. 
Because of lower streamflows at this 
station, however, precursor loading was 
not significantly different (greater) 
than for other stations. 

The season by location interac tion 
for precursor loading for the Big 
Cottonwood Creek watershed (data l.n 
Appendix A, Table A-I) was found to be 
significantly different at the 0.001 
significance Level or greater. Like 
Little Cottonwood Creek, seasonal 
loading differences were very dependent 
on the much greater loads measured 
during May. 

Comparing the streamflow measured 
during sampling on Big Cottonwood 
Creek to 1980-81 and average historical 
values (Table 13) indicates minimal 
differences during November and Febru­
ary. During May, the flow at the time 
of sampl ing was about 38 percent below 
average for 1980-81 and historically. 
During August, the flow measured at the 
time 0 f sampl ing was about 40 perc ent 
greater than the 1980-81 average but 
similar to the historic al. 

Par ley s Can yon. Par ley s Can yo n 
watershed contains three streams 
Which flow into Mountain Dell Reservoir 
(Figure 8). Figures 16, 17, and 18 
graphically display the seasonal pat­
terns in precursor loading for various 
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sampling stations within the watershed. 
For the Parleys watershed, the mean 
precursor load was 127.8 kg/d during 
May, followed by August at 6.1 kg/d, 
February at 5.8 kg/d, and November at 
2.7 kg/d (Table 12). In Figure 16, 
stations P2, Pll, and P7, at the 
mouths of their respective streams, are 
plotted, and station P5 between stations 
P2 and P7 is included. Precursor load 
for all stations was greatest in May. 
At this time, stations P2 and Pll, the 
two primary reservoir influent stations, 
had greatest loadings of 200.4 and 257.9 
kg/d, respectively. Station P7, which 
has more streamflow year-round than­
station P5, had a greater loading also 
022.2 versus 28.5 kg/d, respectively). 
Station P2 contributed an average 
precursor load of 56.2 kg/d while 
station Pll contributed 69.7 kg/d. 

The data on Table 12 show that 
station P7 on Lambs Creek, which con­
tributes to station P2, had a higher 
load ing than stat ion P2 did in August. 
Station P7 had more streamflow even 
though it is upstream from station P2. 
Diversions for golf course irrigation 
could account for the discrepancy, but 
there are no records of diversions. 
However, precursor loading from the 
North Fork of Lambs Creek (station P9) 
was also greater than from station P2 
(7.7 kg/d), while streamflow was less. 
The mean precursor concentration at 
station P9 during this time was approxi­
mately twice that at stations P7 and P2. 
A significant difference (a = 0.05) for 
precursor concentration between station 
P9 and P2, P7 was determined. This 
result, and the magnitude of the loading 
at station P9 during August, indicates 
the nonpoint precursor contribution 
upstream of this station to be greater 
than that downstream. Streamflow was 
steady during the sampling period. Some 
light rainfall occurred prior to and at 
the beginning of the s£mpl ing period. 
Therefore, overland flow was not con­
sidered to be a contributor to precur sor 
production. The increased levels of 
organic precursor are suspected to have 
been caused by greater rec reat ional 



activity (cabins, etc.), and most 
likely, by increased contact time of 
stream water with humic materials from 
the soils and riparian vegetation 
(Aspen, brush). Some beaver act1v1ty 
was also observed in the stream reach. 

Station P5 on Parl eys Creek pro­
duc ed a greater average yearly precursor 
concentration (2.7 mg!l) than did P2 
(2.1 mg/U and P7 (1.7 mg/U. Statis­
tical tests confirmed a difference in 
concentrations between these sites (95 
percent confidence interval). The 
higher concentrations at station P5 were 
the result of ponding that increased 
contact time with plant material and 
sediments along the stream channel. 

Seasonal precursor loading at Lambs 
Creek stations P7, P8, and P9 are 
presented in Figure 17. The loading 
increased going downstream, except 
during August, as was found for Big 
Cottonwood Creek. Precursor loading was 
less at station p8 than station P9 for 
all seasons. Station P8 averaged one 
third the precursor loading over the 
four measurements at station P9, yet 
streamflow averages were nearly the 
same. The average yearly organic 
precur sor concentration at station P9 
was more than twice that at station 
P8 and statistically significant 
at the 95 percent confidence level. 
The watershed area surrounding station 
P8 is steeper than that surrounding and 
upstream of station P9, has predominant­
ly coniferous vegetation, and is un­
developed. The area upstream of P9 is 
less steep, with more deciduous vegeta­
tion near the stream channel (lower 
portion of the stream), and contains an 
access road, streamside picnic areas, 
and cabins. Soil erosion problems were 
evident near the stream channel. The 
greater hydraulic contact times through 
the stream reach and inputs from decidu­
ous vegetation and recreational related 
activities are likely causes for the 
increased precursor concentrations. 

Figure 18 displays precursor 
loading for the Mountain Dell Creek 
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stations. Station Pl2 is approximately 
2. 5 km ups t ream from s tat ion P 11 . A 
small agricultural area 1S located 
midway between the two stations. 
Precursor loading on Mountain Dell Creek 
was greatest dur ing May, fo 11 owed by 
February, August, and November, accord­
ing to Figure 18 and Table 12. The 
familiar trend of increased precursor 
loading going downstream was observed, 
although during May the precursor 
load at station P12 was 14 percent less 
than that at station Pll. Streamflow at 
the upstream station during May was 
measured to be about the same as that 
downstream, when it would be expected to' 
be lower. The channel cross section 
(cement) used to gage flow at the 
upstream site produced a higher than 
actual flow measurement in May because 
of a steep channel gradient. 

not 
seen 

Organic precursor concentration did 
contribute to greater loadings as 

in the fac t that the di fferences 
in precursor concentration between sta­
tions Pll and P12 were not statistically 
significant. The increase in precursor 
load between the two stations was signi­
ficant with a 95 per~ent confidence 
interval only during May. Therefore, it 
does not appear that the agricultural 
area significantly increases the organic 
precursor load to Mountain Dell Creek. 
A visual inspection of the agricultural 
area along the stream channel, during 
the summer months, did not show any 
signs of overland f1 ow from the tilled 
land into the stream channel. Subsur­
face nutrient flows into the stream are, 
however, a possibility. 

Dur ing November, measured precursor 
load ing for the Parleys Canyon water­
shed, as related to streamflow quantity, 
was 61 percent of the 1980-81 monthly 
average and 68 percent of normal (Table 
13). During February these values were 
65 percent and 52 percent, respectively; 
77 percent and 48 percent respectively 
for May; and 55 percent and 35 percent 
respectively for August. Consequently, 
the sampled loading was about hal f 
normal. 



Red Butte and City Creek. Precur-
sor load ings from the secondary water­
sheds (City Creek and Red Butte) are 
shown in Figures 19 and 20. Stream 
sampl ing stat ions are located as shown 
in Figure 8. Sampl ing was not per formed 
on these streams during February. Red 
Butte Canyon was considered a control 
watershed because it is closed to the 
public. City Creek Canyon has regulated 
public acc ess, a paved road, and picnic 
areas. The watersheds are similar in 
morphology and vegetation. 

In City Creek, precursor loading at 
station C2 (upstream) was always less 
than at station Cl, primarily due to the 
quantity of streamflow. The measured 
precursor load was much greater during 
May than in November or August. Precur­
sor concentrations were greater in 
May (3.5 mg/l at station Cl and 2.2 mg/l 
at C2). Similar low values occurred in 
November and August at both stations 
(0.5 to 0.8 mg/D. Specific increases 
of organic precursor concentration from 
recreational, construction, or natural 
sources were not detectable. 

Station RI on Red Butte Creek was 
located downstream of the Red Butte 
Reservoir. Station Rl did not produce 
the highest precursor loadings (as might 
be expected because of its downstream 
location) probably because flow to this 
station was regulated by the reservoir 
outlet and spillway. Precursor loading 
was again greatest during May (102.6 
mg/l at station R2). Loading at station 
R3 was always less than that downstream 
at station R2. Organic precursor 
concentrations were quite high at 
station R2 (4.7 mg/!) and station R3 
(4.8 mg/D, during May, while 3.0 mg/l 
was measured at station Rl. During 
Au gus t, howe v e r, s tat ion R 1 had a 
greater concentration of 2.3 mg/l as 
compared to 1.5 mg/ I at stat ion R2, and 
0.7 mg/l at R3. Water temperature at 
station Rl was 1°C higher in August. 
Reservoir impoundment apparently in­
creased the precursor concentration in 
August. 
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Organic precursor concentrations in 
Red Butte Creek were higher than City 
Creek on a seasonal basis. The maximum 
concentration for Red Butte was 4.8 
mg/l, and for City Creek 3.5 mg/l. Red 
Butte Creek has a lower annual flow rate 
than does City Creek, and lots of 
organic debris and ponding occur in the 
stream channel as a result of beaver 
activity, a small stream gradient, and a 
lack of stream clearing activities. 
These factors combined to create greater 
organic prec ur sor concentrations in Red 
Butte Creek during periods of higher 
water temperatures, but City Creek 
produced the greater loadings because of­
its higher streamflow. 

Precursor loading as related to 
streamflow (Table 13) for City Creek was 
very close to the 1980-81 average in 
November and May, but underestimated as 
compared to normal by 19 percent and 31 
percent, respectively. During August, 
measured streamflow, and thus loading, 
was 25 percent less than the 1980-81 
average, and 21 percent less than 
normal. 

For Red Butte Creek, precursor 
loading as related to streamflow 
did not vary much compared to average 
(1980-81) and normal values during 
November and Augus t • 

Season and watershed interaction. 
The unb-alanced analysis of variance 
program (RUMMAGE) was used to test the 
watershed data (Appendix A, Table A-I) 
for variation 0 f measured and c alcul ated 
parameters by season for grouped water­
sheds, variation by watershed for 
grouped seasons, and interaction. The 
tests were performed only on sampl ing 
stations with complete data for the 
combinations analyzed. Two analyses 
were run: 1) all watersheds (pri­
mary and secondary) for November, May, 
and August data, and 2) the primary 
watersheds only, for all seasons. The 
statistical model used was: 

Y = S + W + SW + L + SL + E 



where y ~s the dependent parameter 
measured, S is the season, W is the 
watershed, SW ~s the season-watershed 
interaction, L is the location or 
st at ion, SL ~ s the season-loc at ion 
interaction, and E is an error term. 
Seasons and watersheds were treated as 
fixed variables and locations were 
treated as random. The statistical 
package performed an F-test to determine 
the general significance of treatments 
and interaction. Second, a least 
squares difference (LSD) test was 
applied to the estimated means of 
specific comparisons in order to deter­
m~ne a confidence interval. 

Temperature and streamflow had 
signific an t season by watershed inter­
actions (CL = 0.001) for both the primary 
and all watersheds. This was expected 
because of normal seasonal fluctuations. 

For the three season by five 
watershed test, the season-watershed 
interaction for precursor concentration 
was significant at the CL = 0.001 level. 
Precursor load was found to be signifi­
cant at a low level (CL = 0.16). Analy­
sis of the main treatments separately 
showed differences in precursor load by 
watershed to oe not significant (CL = 
0.38) and by season to be highly signi­
ficant (CL = less than 0.001). An LSD 
test by season for precursor load 
conc luded that there was no real d iffer­
ence between the summer and fall sea­
sons. The same test by watershed 
indicated similarities between Little 
and Big Cotton~od watersheds, Parleys 
Canyon, Red Butte, and City Creek 
watersheds, and Red Butte to City Creek. 
Winter data were not included because 
February measurements were not taken for 
Red Butte and City Creeks. 

For the four season by three 
watershed (Little Cottonwood, Big 
Co t ton WO 0 d , and Par 1 e y s ) t est, the 
season-watershed interaction for pre­
cursor concentration was found signifi­
can tat CL = O. a 11. Howe v e r, a lowe r 
0.077 significance level was calculated 
for precursor loading. Once again the 
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watershed treatment did not show 
differences in precursor load to be 
highly significant (CL = 0.358). 
The LSD test showed no sign ific ant 
differences for precursor load between 
fall and winter, fall and summer, and 
winter and summer seasons. In contrast, 
the three watersheds all had signifi­
cantly different precursor loading for 
the year. 

Summary of statistical analysis. 
Water temperature and streamflow quan­
tity were found to vary significantly 
among all combinations of season and 
watershed. The fall, winter, and summer 
seasons did not produce significant 
differences in precursor loading among 
( wi t hi n ) wa t e r she d s • Lit tIe and Big 
Cotton~od Creek watersheds, and Parleys 
Canyon, Red Butte, and City Creek 
watersheds had similar patterns and 
magnitudes of precursor loading for the 
fall, spring, and winter seasons com­
bined. For all seasons, Little Cotton­
wood, Big Cottonwood, and Parleys 
wa t e r she d sal 1 had s i g n i f i can t 1 Y 
different precursor loading. 

Streamflow and Precursor 
Concentration Relationships 

Precursor-streamflow ratios. 
Ratios of precursor concentration to 
streamflow, expressed as percentages, 
we red eve lop e d for all wa t e r she d 
locatidns and sampl ing periods and are 
presented in Tab Ie 14. The quarterly 
(seasonal) data for the Big and Little 
Cottonwood Creek watersheds shows a 
definite trend of increasing percentages 
going upstream as streamflow decreases. 
This trend was less consistent on 
Parleys watershed, but it did occur 
between stations P2 and PS on Parleys 
Creek, stations P7 to P9 on Lambs Creek, 
and stations Pll and P12 on Mountain 
Dell Creek during fall and winter 
(streamflow measurements at station P12 
were questionable during spring and 
summer because they were higher than 
those downstream at station PIl). 
Stations R2 to R3 (Rl is below the 



Table 14. Ratios of organic precursor concentration as streamflow expressed 
as percentages for both quarterly and monthly watershed data. 

Mean Quarterly Percentage 

Fall Winter Spring Summer 
Station (November) (February) (May) (August) 

L2 3.5 4.1 2.4 2.2 
L3 6.8 4.5 
L4 9.7 14.3 4.9 5.3 
L5 25.0 12.3 38.3 
(Mean of L2-L4) 6.6 9.2 3.7 3.8 

B1 1.8 7.6 1.6 1.5 
B2 3.8 10.0 6.9 2.7 
B3 7.0 17.5 15.2 7.8 
B4 414.3 700.0 118.6 37.3 
(Mean of B1-B4) 106.7 183.8 35.6 12.3 

P2 13.7 50.0 34.6 34.5 
P5 475.0 700.0 130.0 200.0 
P7 19.7 80.0 30.5 17.0 
P8 1.5 433.3 70.2 22.7 
P9 66.7 "242.3 151.4 116.3 
Pll 28.0 55.6 16.6 100.0 
P12 45.5 187.5 15.1 61.2 
(Mean of P2-P12) 92 .9 249.8 64.1 78.8 

R1 60.0 33.0 135.3 
R2 30.8 51.7 76.3 
R3 45.5 100.0 81.3 
(Mean of R2,R3) 38.2 75.9 78.8 

C1 7.4 11.6 5.3 
C2 18.2 8.2 20.3 
(Mean of C1,C2) 12.8 9.9 12.9 

Mean Monthly Percentage 

Station Aug. Nov. Dec. Jan. Feb. Mar. Apr. May Jun. Ju1. 

P2 19.2 23.3 28.6 21.9 17.1 36.7 28.9 26.4 27.7 40.3 
P5 866.7 525.0 266.7 1200.0 221.4 154.5 57.9 487.5a 
P7 43.5 25.0 20.0 15.6 17.9 40.0 17.2a 18.8 20.3 a 31. 7a 
Pll 44.0 53.8 28.1 34.6 33.3 27.8 21.7 23.8 20.6 70.0 
P12 130.0 60~0 175.0 83.3 200.0 112.5 72 .2 17.9a 41.3 53.5a 
(Mean of 31.6 38.6 28.4 28.3 25.2 32.3 25.3 25.1 24.2 55.2 
P2,P1U 
aQuestionable values because of inconsistent measured streamflow 

values. 
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reservoir) and Cl to C2 also generally 
exhibited this trend. Stations B4 and 
P5 had the highest percentages (up to 
700 percent). Both of these stations 
had very low flows and some ponding. 

The winter (February) data for the 
primary watersheds produced the greatest 
percent organic precursor concentration 
per unit streamflow, calculated as a 
mean value using stations with complete 
data. During the spring (May), mean 
percentages were much lower and com­
parable to fall and summer. This was 
because precursor concentrations in­
creased noticeably during the spring, 
but substantial streamflow increases 
diluted this effect. It should be noted 
that during the winter sampling, weather 
conditions were steady and measured 
streamflows were generally the lowest of 
all seasons (sl ightly 1 ess than fall-­
see Appendix A, Table A-i). Again, low 
flows indicate higher precursor concen­
trations per unit streamflow. This 
could be a consequence of greater 
contact time between water and sources 
of organics. However, more data would 
be necessary to accurately determine the 
spatial relationship of season to 
organ ic precursor prod uc t ion versus 
streamflow quantity. Little Cotton-wood 
Creek and City Creek watersheds produced 
the l6~st percentages of precursor per 
unit streamflow of all watersheds, with 
yearly means of 5.8 percent and 11.9 
percent respectively. 

The monthly data for Parleys 
watershed did not show February to have 
the consistently highest percentages of 
precursor to streamflow. Mean monthly 
values for stations P2 and Pll (both 
gaged and downstream stat ions), by 
sampl ing date, ranged from 24.2 percent 
in June to 55.2 percent in July. Except 
for the higher July mean, no obvious 
trends were apparent. Water tempera­
tures were normally at a peak in Jul y 
for the monthly dates sampled. At 
stat ion P5, percentages were greatest, 
again corresponding to lower stream­
flows. 
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This analysis indicates that the 
greatest concentrations of organic 
precursor per unit of streamflow occurs 
during low flow periods and that this 
trend is intensified by warmer water 
temper atures. A greater concentr at ion 
of organic precursors generally occurred 
upstream. The quarterly data show the 
winter period (February) produced the 

t mean percent precursor concen­
tration to streamflow, while the monthly 
data for Parleys watershed (stations 
P2 and PI!) indicate greatest mean 
percentages in July. Variability 
with sampling time is indicated. 
Streamflow (velocity), water temper­
ature, and the availability of organic 
materials appeared to be important 
factors in the production of organic 
precursor concentrations. 

Regression analysis. The analys is 
for significant relationships explaining 
precursor loadings suggests that greater 
precursor concentrations may be direct­
ly correlated with larger streamflows. 
To test this theory, simple linear 
regression analyses were performed on 
sampling station data with streamflow 
(cfs) as the independent variab Ie and 
precursor concentration (mg TOC/l) as 
the dependent variable. The results are 
pr esent ed in Tab Ie 15. Othe r forms 
(logarithmic, exponential) were tried 
with poor results. Quarterly and 
mo nth 1 y s am pIe sit e s wit h the m 0 s t 
complete data were included 1.n the 
analysi-s. For the quarterly data, 
stations R2, R3, Cl, and C2 produced 
good correlations at an acceptable level 
of significance «1 less··than or equal to 
0.10) but had a small data base of six 
samples. Parleys watershed had better 
overall correlations for quarterly data 
than Little and Big Cottonwood Creek 
watersheds. Stat ions P2 and Pll (both 
gaged) show r2 values 0 f 0.835 and 
0.874 respectively at a 0.005 signifi­
cance level. On the other hand, station 
Bl, also gaged, had an r2 of 0.431 at 
a 0.025 significance level. For the 
monthly data, all taken on Parleys 
watershed, the resul ts were also vari­
able. The strength of the correlation 



Table 15. Summary of linear regression analysis for precursor concentration (dependent variable as mg TOC/l) 
and streamflow (independent variable, ft 3/s). 

Corre 
Sampling Slope Intercept Coefficient Significance No. of Data Base 
Station (r2) Level Observat ions (1980-81) 

L2 0.021 0.277 0.630 0.005 12 Quarterly 
L4 0.031 0.618 0.239 0.25 11 
L5 0.0904 0.475 0.598 0.025 9 
Bl 0.01l0 0.640 0.431 0.025 12 
B2 0.0629 -0.185 0.615 0.005 12 
B3 0.138 -0.293 0.646 0.005 12 
B4 0.0147 3.28 0.001 >0.25 12 
P2 0.349 -0.125 0.835 0.005 12 

U1 P5 0.631 1.92 0.614 0.005 12 
""" P7 0.274 0.197 0.773 0.005 12 

p8 0.194 0.894 0.1l1 >0.25 11 
P9 1. 22 0,387 0.600 0.005 12 
P11 0.125 1.00 0.874 0,005 12 
P12 o .1l4 0,867 0.857 0.005 12 
Rl 0.206 1. IL. 0.604 0.10 6 Nov .• May, Aug. 
R2 0.509 0.054 0.947 0.005 6 

j R3 1.06 -0.398 0.990 0.005 6 
Cl 0.130 -0.543 0.983 0.005 6 
C2 0.063 0.465 0.738 0.05 6 
P2 0.263 0.050 0.919 0.005 10 Monthly 
P5 0.219 2.463 0.277 >0.25 8 

I P7 0.184 0.261 0.896 0.005 10 
Pll 0.166 0.710 0.603 0.01 10 
P12 0.143 0.993 0.578 0.025 10 



at stations P2 and P7 increased over the 
quarterly data to 91.9 and 89.6 percent, 
respectively. Other stations did not 
l.mprove. 

Regressions of precursor concen­
tration on streamflow were also run. 
These correlations did show a strong 
correlation, up to 92 percent at a 0.005 
signific ance level, indicating a prob­
able relationship. More samples through­
out the year are needed to further 
test the correl~tion hypothesis. 

The greater precursor concentration 
with higher streamflow could have been 
the result of sediment transport due to 
channel scour, the flushing of organic 
debris, and possibly surface erosion 
during storms. Precursors move with 
suspended solids. 

Stream Parameter Correlation 

On August 14, 1981, sampl es were 
collected on Big Cottonwood, Lambs, 
Parl eys. and Mountain Dell Creeks, and 
at the Parleys water treatment plant 
intake. These were in addition to the 
regular quarterly sampling. The purpose 
of this sampling was to determine if 
organic precursor concentration as total 
organic carbon (TOC) adequatels pre­
dicted TTHM formation potent ial. . The 
maximum trihalomethane potential test 
was used. 

Simple linear regression was 
periormed on the data to test for 
relationships. When all the data were 
lumped together a poor correlation 
resulted (r2 = 38.4 percent but signi­
ficant at the 95 percent confidence 
level). When data were grouped by 
watershed, and by stream wi thin water­
sheds, improved relationships resulted. 
but the number of observations was 
reduced. Linear regression of the data 
for stations P4 through p9 (Parleys and 
Lambs Creeks) prod uc ed a good fi t (r2 
= 88.2 percent, Figure 21) at the 95 
percent confidence level (a = 0.05). 
For Big Cottonwood Creek stations Bl 
through B4 (Figure 22) a good linear 

correl adon was also found (r2 :: 92.9 
percent, ~ :: 0.05). Therefore, TOC was 
concluded to provided an estimate of 
TTHM formation potential. 

An interest ing by-produc t of this 
analysis was that organic precursors 
measured as TOC, from different sources, 
caused variable TTHM formation. That 
is, similar concentrations of TOC from 
different sources produced different 
levels of TTHMs--the organic precursors 
appeared to be site specific. 

Summary of Precursor Loading 
and Parameter Relationships 

The watershed areas studied had low 
runoff during water year 1980-1981, 
averaging about 76 percent of normal. 
Individual creeks varied with Little 
Cottonwood Creek almost 100 percent of 
normal discharge and Red Butte Creek 
lowes t wit h 5 6 per c en t 0 f norm a 1 
discharge. 
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The mean concent.ration of organic 
precursor during May (spring runoff) for 
the three primary watersheds (Little and 
Big Cottonwood, Parleys) was 3.4 mg/l. 
For the other seasons, mean precursor 
concentration ranged from 0.9 to 1.4 
mg/l. The mean precursor load during 
May for the three primary watersheds was 
364.4 kg/d, approximately 18 times 
greater than during other seasons which 
ranged from 16.4 to 26.8 kg/d. In­
creased precursor loading dur ing May was 
a function of both precursor concentra­
tion and streamflow quantity. Instream 
precursor concentrations ranged from 
less than 0.5 mg/l to 7.0 mg/l at 
stations sampled on a regular basis. 

The Little and Big Cottonwood 
Creeks produce the greatest runoff and 
had the largest precursor loadings. 
Little Cottonwood and City Creeks 
had lower average organic precursor 
concentrations Cl.1 mg/l and 1.3 
mg/l, respectively) than Big Cottonwood, 
Parleys Canyon, and Red Butte Creeks 
(2.0 mg/l, 2.0 mg/l, and 2.1 mg/l, 
respectively) . 
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As a rule, organic precursor load 
increased from headwaters to mouth on a 
given stream. Noticeable deviations 
E rom t his pat t ern we reo b s e rv e dan d 
suspected to be associated with sources 
of precursor produc tion. A statistical 
program (RUMMAGE) was used to assess 
this situation. Precursor concentration 
was determined to be significantly 
greater during August (95 percent 
confidence intervaL) at stream station 
B4 (Big Cottonwood Creek, Figure 8) than 
at stations Bl and B2, which were much 
farther downst ream. Summertime act ivi­
ties, increased contac t time of stream 
water with sources of natural organics, 
and higher summer water temperatures 
upstream of station B4 were thought to 
be the cause. Precursor loading at this 
station, however, was about the same as 
downstream because of lower streamflows. 

In Parleys watershed, the north 
fork of Lambs Creek (upstream from 
station P9) was a significant contri­
butor (rel atively) to precursor concen­
tration and loading during August for 
reasons similar to those observed for 
B4. In addition, the north fork of 
Lambs Creek was determined to produce 
twice the mean annual precursor concen­
tration of the south fork while stream 
discharges were similar. The south fork 
is essentially undeveloped. The Moun­
tain Dell Golf Course and agricultural 
area near Parleys and Mountain Dell 
Creeks were not determined to be non­
po int source contributors to inc reased 
precursor concentration and load. 

A greater concentration of organic 
precursor to measured streamflow was 
generally found going upstream. The 
greatest concentration of organic 
precursor per unit streamflow occurred 
during low discharges and/or low d is­
charges with higher water temperatures. 
Stream discharge versus organic precur­
sor concentration correlations produced 
a strong linear relationship (maximum 
r2 = 92 percent at a. = 0.005). This 
relationship could have been the result 
of increased suspended solids with 
lncreas streamflow. 

Finally, sat isfactory corre lations 
between organic precursor concentration 
as total organic carbon (the measured 
parameter) and maximum total trihalo­
methanes (MTP test) were determined for 
Big Cottonwood Creek waters (r2 = 92.9 
percent, a. = 0.05) and Parleys Canyon 
waters (r2 = 88.2 percent, a. = 0.05). 
Other streams were not tested. 

Additional Watershed Studies 

Surface Runoff 

Precipitation for water year 
1980-81 was below average, and the day 
conditions hindered attempts to collect 
snowmelt and rainfall surface runoff 
(overland flow). Specially designed 
collectors (Figure 5) were used to 
collect surface runoff samples. Addi­
tionally, grab samples of both rain and 
snot.melt runoff were obtained at al ter­
nate sites on Big Cottonwood and Lambs 
Cr'eeks. Figure 23 shows the collector 
locations. Sampl ing results are pre­
sented in Table 16. 

Some snowmelt runoff was collected 
in the surface runoff collectors, but 
very little rainfall runoff was col­
lected. Snowmelt runoff obtained near 
the Solitude ski resort (collector A) in 
Big Cottonwood Canyon originated mostly 
from disturbed areas (frontage road) and 
snowpack melt. On April 18, 1981, the 
snowmelt organic precursor concentration 
averaged 9 mg/l, and loading was 0.045 
kg/d, which is relatively low compared 
to stream values. On April 25, the 
average snowmelt organic precursor 
concentration was 7.6 mg/l, and the 
loading was 0.11 kg/d. In May, snot.melt 
organic precursor concentration and 
load ing increased to averages of 27 mg/l 
and 1.50 kg/d. This runoff was de­
livered directly into the stream system. 
The May runoff or inated entirely from 
the access road. A snowmelt grab sample 
was obtained from parking lot runoff 
(see Table 16) on May 2 and a loading of 
0.02 kg/d was calculated for this sample 
by estimating flow by using a bucket and 
watch. 
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Table 16. Total organic carbon concentrations and estimated flows for snowmelt and 
rainfall surface runoff samples. 

Sample Site, Type 
and Location 

Big Cottonwood Canyon near Solitude 
ski resort; snowmelt; surface run­
off collector 

Big Cottonwood Canyon at Solitude 
ski resort lower parking lot; snow­
melt; grab sample 

Big Cottonwood Canyon near Reynolds 
Flat area; rainfall; grab sample 

Big Cottonwood Canyon near Spruc es 
campground; rainfall; grab sample 

North fork of Lambs Creek; rain­
fall; grab sample 

Rainfall runoff samples from 
collectors had no flow measurements so 
precursor loading could not be calcu­
lated. Rainfall runoff grab samples had 
the highest loading values, but flow 
measurements were rough. These samples 
were obtained in Cottonwood Canyon 
and Lambs Canyon on the north fork. At 
both sites runoff originated as road 
runoff and eventually entered the stream 
system. The Big Cottonwood sample 
produc ed an organic precursor concen­
tration of 128 mg/l, and gave estimated 
loading of 16 kg/d. The Lambs Creek 
sample gave a precursor concentration of 
638 mg/l and estimated loading of 78 
kg/d. 

Organic precursor concentrations in 
both rain and snowmelt direct runoff 
were greater than in the instream 
concentrations measured in Big Cotton­
wood Creek during regul ar sampl ing. 

Mass 
Collection TOC Flow Loading 

Date (mg/1) (cfs) (kg/ d) 

4/18/81 11.6 0.002 0.06 
4/18/81 6.8 0.002 0.03 
4/25/81 7.6 0.006 0.11 
5/2/81 27.2 0.023 1. 53 

5/2/81 9.5 0.02 0.5 

5/2/81 23.6 0.025 2.5 

5/2/81 128.2 0.05 15.7 

5/2/81 638.0 0.05 78 
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Concentrations ~n the snowmelt runoff 
were as much as five times greater, and 
concentrations in rainfall runoff were 
from 5 .to 128 times greater. The 
rainfall runoff sampl es showed visib Ie 
discoloration and high turbidity. The 
estimated runoff flows were less than 
streamflows b a magnitude of six or 
greater. Load derived from snowmelt 
runoff, a seasonal (spring) occurrence, 
was c alcul ated to be at most 3 percent 
of instream load for the time period. 
However, loading from rainfall runoff in 
Big Cottonwood Canyon was c alcul ated to 
be up to 30 percent of the instream 
transport, and this percentage could be 
even higher when rain showers occur 
during a period of lower streamflows as 
was observed for Lambs Creek rainfall 
runoff where direct runoff loading 
temporarily exceeded 100 percent of 
the instream transport rate estimated 
fo r the tim e per i 0 d . The s e h i g h 



loading rates from rainfall runoff only 
last during short periods of intense 
rainfall. 

The high concentrations of organic 
precursors 1n rainfall runoff suggest 
t hat road run 0 f f c 0 u 1 d be m a kin g a 
significant contribution to the overall 
stream TTHM precursor loading. Snowmelt 
runoff appears to make considerably less 
contribution to stream TTHM precursor 
load ing . 

Surface runoff data were sparse 
because most snowmelt and rainfall 
infiltrate during dry ye·ars. Conse­
quently, the measurements from the 
surface runoff collectors were insuffi­
cient to establish any correlations with 
the characteristics of their small 
tributary catchments. However, basin­
wide comparisons show that the c oncen­
trat ion 0 f organic precursor from Lambs 
Canyon is much higher (Table 16) than in 
the rainfall and snowmelt runoff samples 
from Big Cottonwood Canyon. The prob­
able explanation is that the soils 
in the upper Lambs Canyon are predomi­
nantly c lays while those in the Big 
Cottonwood Canyon are sandy. Cl'ay-sized 
particles are easily detached by rain­
fall, settle very slowly, and are 
transported further. Also, the sorption 
of pollutants by clay-sized particles 
generally results in clay soils having 
more associated po 11 ut ant s (Chesters et 
al. 1980). 

Stormflow 

A number of Big and Little Cotton­
wood stream sampl es were collected from 
December 1981 to May 198Z during rain­
fall events. The goal was to sample 
during direct runoff periods to evaluate 
changes in precursor concentration and 
TTHM formation. Table 17 presents the 
results. Instantaneous TTHM was mea­
sured prior to sample chlorination and 
maximum TTHM potential afterwards. 
Samples collected on December 3, 1981, 
were not collected during a rain event 
and can be considered baseline condi­
tions for that period. 
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All samples produced less than 1 
].lg/l inst-TTHMs. Stream samples from 
December Zl, 1981, were collec ted at a 
time with similar streamflow rates and 
thus also represented baseline condi­
tions. Higher precursor concentrations 
for Little and Big Cottonwood Creeks 
(Z.O and 1.3 mg/l, respectively) and 
fewe r MTP-TTHMs 019 and lZ4 ].l g/l, 
respectively) were measured. The April 
and May s ampl ings showed an inc rease in 
pr e cur so r con c e n t rat ion (u p to 7 
mg/1) for the larger flows. MTP-TTHM 
levels showed a less consistent rela­
tionship_ At Little Cotton1".rood Creek, 
April-May MTP-TTHMs increased with' 
precursor concentration al though on 
April lZ and 29 the TTHMs were similar 
to December 3 090 ].lg/l) when the 
precursor concentration (0.7 mg/!) was 
much less. Big Cotton1".rood Creek pro­
duced more MTP-TTHMs during April and 
May (268 to 305 \l g/ 1) than were measured 
in December (119 to 190 \lg/l). MTP-TTHM 
levels did not increase with precursor 
concentration. The levels of precursor 
concentration were larger during this 
period (April-May) in samples from 
Little Cottonwood Creek. Streamflow 
on May 3 was increased by precipitation 
(determined from storm hyd rograph) that 
also contributed loading of organic 
precursor and turbidity. Little Cotton­
wood Creek MTP-TTHMs were the greatest 
at this .t ime. On February 19, stream­
flow in Little Cotton1".rood Creek was 16.2 
cfs (0.46 m3 /s), less than during De­
cemb er.· The MTP-TTHMs 02 \l g/ !) we re 
also very low. TTHMs from Big Cotton­
wood Creek (70 llg/1) were also low, and 
streamflow (33.4 cfs (0.94 m3 /s» was 
a little greater or equal to the 
levels of December. Organic precursor 
concentrations were not available 
for February but streamflow was de­
creasing from a peak on February 17 of 
39 cfs (1.10 m3/s), so concentrations 
we rep rob a b 1 y 1 e sst han 0 r e qua 1 
to December Zl values. 

The stormflow data, although 
limited, suggest that organic precursor 
concentrations increased, over baseline 
conditions, during precipitation events 



Table 17. Results of stormflow sampling during December 1981 to May 1982 rainfall 
events on Big and Little Cottonwood Creeks. 

Sampl ing Stream-
Station Date flow TOC 

(cfs) (mg/1) 

Little 12/03/81 22.0 0.7 
Cottonwood 12/21/81 21.1 1.3 
Creek 2/19/82 16.2 

4/12/82 57.7 2.8 
4/29/82 122.9 3.8 
5/03/82 253.1 7.1 

Big 12/03/81 24.1 0.7 
Cottonwood 12/21/81 33.3 2.0 
Creek 2/19/82 33.4 

4/12/82 122.3 5.0 
4/29/82 199.2 6.2 
5/03/82 273.2 7.0 

by amounts that depended on streamflow. 
MTP-TTHMs, on the other hand, were more 
variable but trended toward greater 
concentrations with higher streamflow 
and more precipitation. 

Reservoirs 

The effects of reservoir storage of 
raw water suppl ies on precursor and 
TTHM concentrations were studied at 
Mountain Dell Reservoir on August 1, 
1981. The deepest part of the reservoir 
was grab sampled at 3-meter depth 
intervals. Sampl es were analyzed for 
organic precursor concentration (TOC), 
pH, and temperature and were chlorinated 
and tested for maximtnn trihalomethane 
potential (MTP). Grab samples were also 
obtained from the two influent streams 
(Parleys and Mountain Dell Creeks) and 
Parleys water treatment plant influent 
and effluent and analyzed for the same 
parameters. Resul ts are presented ~n 

Table 18. 

The reservoir and treatment pl ant 
precursor concentrations ranged from 2.2 
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INST- MTP- Precursor 
TTHM TTHM Turbidity Load 
(u g/ 1) (ll g/ 1) (ntu) (kg/ d) 

<1 190 33.7 
<1 119 67.1 
<1 12 
<1 173 1.8 395.3 
<1 196 2.8 1142.6 
<1 357 26.0 4396.4 

<1 164 41.3 
<1 124 162.9 
<1 70 
<1 305 14.0 1496.0 
<1 304 27.0 3021. 5 
<1 268 28.0 4678.7 

to 2.5 mg/l. As indicated by the 
·temperature data and from known periods 
of reservoir turnover (spring and fall), 
the reservoir was weakly stratified at 
the time of sampling. This had no 
apparent effect on precursor concentra­
tions--they remained almost constant 
with depth. However, stream and pl ant 
effluent precursor concentrations were 
38 perc~nt less than those in the 
reservoir and pl ant influent sampl es. 
These data suggest that the storage of 
st ream s ourc e wa ter in t he Mountain 
Dell Reservoir during July/August 
resul ted in an increase in organic 
precursor concentrations that were 
subsequently reduced by treatment 
to the original stream concentrations. 
Watershed sampling data at stream 
stations P2 and Pll during August 12 to 
14 showed precursor concentrations 
ranging from 0.7 to 1.9 mg/l (the mean 
was 1.55 mg/1) , all less than the 
measured reservoir concentrations on 
August 1. 

A linear 
MTP-TTHM with 

regress~on analysis of 
organ~c precursor (TOC) 



Table 18. Results of August 1, 1981, sampling of Mountain Dell Reservoir, influent 
streams, and Parleys water treatment plant. 

Total 
Organic 

Carbon 
Site (mg/l) 

Reservoir Surface 2.4 

3 m Depth 2.5 

6 m 2.3 

9 m 2.4 

12 m 2.3 

15 m 2.4 

18 m 2.4 

21 m 2.2 

Plant Influent 2.4 

Plant Effluent 1.5 

Station P2 1.5 
(Parleys Creek) 

Station Pll 1.5 
(Mountain Dell Creek) 

*Terminal TTHM 

for the reservoir samples was not 
significant (r2 = 12.3 percent), but 
there was not enough variation of 
precursor concentrations. TTHM concen­
trations fluctuated more but were not 
dependent on reservoir temperature 
because of the nature of the test. 
Also, precursor concentration did not 
appear to depend on reservoir tempera­
ture or pH. Stream and treatment plant 
effluent TTHM levels were noticeably 
less than reservoir levels. The pI ant 
effluent sample was a terminal TTHM 
(free chlorine residual of 0.65 mg/l at 
the time of sampling), probably account­
ing for the lower TTHH concentration. 
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Maximum 
Trihalomethane Temper-

Formation ature pH 
(J,lg/1) CC) 

116 20 8.3 

92 20 8.3 

136 18 8.3 

126 17 8.3 

llO 15 8. 1 

122 14 8.0 

102 13 7.7 

110 12 7.6 

94 14 8.0 

33* 7.7 

67 10 

66 11 

The mean reserVOir TTHM concentration 
was 112 J,lg/l versus a mean stream TTHM 
concentration of 66.5 J,lg/l. On July 28 
the wa ter t rea tment pI an t i nfl uent 
precursor concentration was 2.6 mg/l, 
and the effluent term-TTHM was 40 J,lg/l. 
On August 28 influent precursor concen­
tration was 2.2 mg/l and effluent 
term-TTHM was 53 J,lg/l. These levels 
were similar to those measured during 
reservoir sampling. 

These findings support the hypothe­
sis that the impoundment of surface 
water supplies increases the organic 
precursor concentration and TTHM 



formation potential. The Mountain Dell 
Reservoir is in a mesotrophic/eutrophic 
state (Hanson et al. 1983). Total 
nitrogen to total phosphorus ratios 
obtained from algal b ioassays suggested 
high summer algal productivity, which 
could account for increased organIc 
precursor concentrations. These ratios 
also indicate phosphorus limitation 
during summer and fall. Phosphorus 
loadings into the reservoir were found 
to be greatest during the spring. Data 
from lakes and reservoirs in the United 
States indicate a positive correlation 
between total phosphorus and TOC mea­
surements (Walker 1983). In addition, 
many studies have identified phosphorus 
as the nutrient most often limiting 
the productivity of aquatic systems. 
Since considerable phosphorus loading 
occurs as a result of surface runoff 
within a drainage basin (Watson et al. 
1979), the control of streamside erosion 
might reduce organic precursor concen­
trations within the reservoir and 
ultimately TTHM formation. 

Leaf Litter and Soils 
Leaching 

Leachate was coll ec ted from leaf 
litter and soils taken from the sampling 
si tes presented in Figure 24 and Table 
19. The results are presented in Tables 
20 and 21. The calculated concentra­
tions (g/1) for organic precursor (TOC) 
and trihalomethanes (MTP-TTHM) were 
adjusted for the dilutions necessary for 
concentration measurement but not 
the ratios of sample mass to volume 
(mass) of leaching solution. Therefore, 
the mass-to-mass ratios are the most 
meaningful. 

Both leaf litter and soil leachates 
prod uc ed muc h higher cone entrat ions 
(g/l) of potential organic precursor and 
TTHMs than were found in the stormflow 
analysis. The maximum precursor and 
TTHM concentrations measured for leaf 
leachate were 105.6 g/l and 15.2 g/l, 
respectively. For soil leachate the 
maximums were 7.44 g/l and 0.7385 g/l, 
respectively. While these values were 

63 

lower, they still showed litter and 
soils to be potential sources of THM 
formation. 

The average mass of organic precur­
sor generated from leaf litter leachate 
was 6.68 g per 100 ~ sample. The 
average mass of TTHM was 589 mg per 100 
g sample. For the soil leachate, the 
aver age mas s 0 for g ani cpr e cur s 0 r 
generated was 0.361 g per 100 g sample. 
The average mass of TTHM was 0.0306 g 
per 100 g sample. Accordingly, poten­
tial organic precursor and TTHM mass 
concentrations for the leaf leachate 
v.ere measured at approximately 19 times­
greater than for the soil leachate. 
However, interpretation of this differ­
ence must take into consideration the 
laboratory proced ures. Fi rs t, leaf 
litter leachate pH was stabilized at 
about pH 8 during leaching, while soil 
leachate was not. Soil leachate gen­
erall y ranged from about pH 6 to 7. 
This may have had in a minor effect on 
the quant ity of organic precursor (TOC) 
going into solution and hence TTHM 
concentrations. All TTHM samples 
were buffered with dilution water for 
standardization. Second, it was 
necessary to use different sample to 
leachate ratios (2 g into 200 ml 
for leaf litter and 20 g into 200 ml for 
soil s), meaning that potentially more 
soil organic precursor could have gone 
into solution. Third, all TTHM samples 
had a free chlorine residual when 
analyzed so that THM formation was not 
inhibited. It therefore appears that 
these results are representative of the 
potential differences between the leaf 
litter and soil samples collected. 

Chloroform (CHC13) was the domi­
nant THM specie. The leaf litter 
was relatively free of bromide ions, but 
dichlorobromomethane (CHBr2Cl) occurred 
in minor amounts in some soil samples. 

Replicates run on the same leachate 
extract (designated as (r), Tables 20 
and 21) were consistently good. Dupli­
cates taken from the same source mate­
rial (designated as (d» but leached, 
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Table 19. Leaf litter and soil leaching study sample site location, designation, 
and description. 

Site 
Location 

Mountain Dell Creek 
agricultural area, 2 
mi upstream from 
reservoir 

Sample 
Des ion 

Soil: IA 
IB 

Leaf Litter: IC 

Sample 
Description 

Loamy Borrow pits (sandy 
to clay loam), Mixed Al­
luvial (clay to sand, 
medium organic-matter), 
Harkers Soil (dark loam 
and clay loam, high organic­
matter) Types 

Narrowleaf Cottonwood and 
Shrubs 

ID Narrowleaf Cottonwood 
IE Birch-Alder 

Mountain Dell Creek 
upper campground, 
3.S mi upstream 
from reservoir 

Leaf Litter: 2A 
2B 

Soil: 2C 
2D 

Mountain Dell Creek Soil: 3A 
3B near watershed station 

PII, just upstream 
from reservoir 

Left fork of Lambs Soil: 4A 
4B Creek near watershed 

station P9 

Lambs Creek, O.S m~ 
downstream from con­
fluence of left and 
right forks 

Leaf Litter: 4C 
4D 

Soil: SA 
SB 

Leaf Litter: Sc 

SD 

Parleys Creek near Soil: 6A 
6B watershed station P5, 

just upstream from 
Lambs Creek confluence 

Leaf Litter: 6C 
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Gambel Oak, Narrowleaf 
Cottonwood, and Birch­
Alder 

Mixed Alluvial (clay to 
sand, medium organic­
matter) Type 

Harkers-Wallsburg (loam 
and cobbly loam), and Mixed 
Alluvial Types. Sagebrush 
area. 

Lucky Star (stony loam, 
high organic-matter) Type 

Aspen 

Lucky Star (stony loam, 
high organic-matter) Type 

Douglas Fir and Aspen 
ground debris 
Douglas Fir 

Harkers Soil (dark loam and 
clay loam, high organic­
matter), Harkers-Wallsburg 
(loam and cobbly-loam) Types 

Gambel Oak 



Table 20. Total organic carbons and maximum total trihalomethane potentials for 
leaf litter leachate samples. 

Sample TOC TOC MTP-TTHM MTP-TTHM 
Site (g!l) (g!100 gm sample) (g!l) (g!100 g sample) 

1Cl (d) 86.7 8.67 8.96 0.896 

1C2 (d) 105.6 10.56 7.64 0.764 

ID 98.4 9.84 15.21 1.521 

lE 80.6 8.06 9.46 0.946 

2Al (d) 62.7 6.27 4.71 0.471 

2A2 (d) 53.0 5.30 3.36 0.336 

2B 47.7 4.77 2.46 0.246 

4c 45.1 4.51 4.21 0.421 

4D 57.1 5.71 5.36 0.536 

Sc 36.2 3.62 3.93 0.393 

5Dl (r) 42.0 4.20 1.46 0.146 

5D2 (r) 42.0 4.20 1.09 0.109 

SCI Cr) 88.7 8.87 7.30 0.730 

6C2 (r) 88.7 8.87 7.30 0.730 

(d) duplicate sample separate leaching 

(r) replicate sample same leachate 
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Table 21. Total organic carbons and maximum total trihalomethane potentials for 
soil leachate sample. 

Sample TOC TOC MTP-TTHM MTP-TTHM 
Site (gIl) (g/100 gm sample) (gIL) (g/100 g sample) 

lAl ( d) 4.670 0.425 0.6198 0.0564 

lA2 ( d) 1.450 0.132 0.3011 0.0274 

IB 3.429 0.312 0.3286 0.0299 

2Cl (d) 2.297 0.209 0.2879 0.0262 

2C2 (d) 2.011 0.183 0.2879 0.0262 

2Dl (r) 5.517 0.502 0.3835 0.0349 

2D2 (r) 5.517 0.502 0.4198 0.0382 

3Al (r) 2.593 0.236 0.2242 0.0204 

3A2 (r) 2.593 0.236 0.1967 0.0179 

3B 2.066 0.188 0.1527 0.0139 

4Al (r) 4.759 0.434 0.2846 0.0259 

4A2 (r) 4.769 0.434 0.3066 0.0279 

4B 4.110 0.374 0.2626 0.0239 

5A 7.440 0.677 0.7385 0.0672 

5B 6.220 0.566 0.5187 0.0472 

6A 4.549 0.414 0.2231 0.0203 

6B 3.440 0.313 0.1747 0.0159 

(d) duplicate sample separate leaching 

(r) replicate sample same leachate 
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filtered, and treated separately pro­
duced less consistent results. These 
variations may have been due to the 
sample or laboratory techniques. 

The leaf I itters from the Narrow­
leaf Cottonwood, Birch, and Alder 
samples from the Mountain Dell agricul­
tural area, and Gambel Oak from Parleys 
Canyon were higher in mass of organic 
precursor and TTHM per 100 g than were 
the other samples (86.7 to 10S.6 g TOC 
per 100 g sample and 0.730 to 1.S21 g 
TTHM per 100 g sample). The lowest 
organic precursor and TTHM measurements 
came from the Lambs Creek forest floor 
Aspen and Fir litter, and Douglas Fir 
samples (3.62 to 4.20 g TOC per 100 g 
and 0.109 to 0.146 g TTHM per 100 g). 
But the Oak, Cottonwood, Birch, and 
Alder samples from upper Mountain Dell 
Creek also produced low TTHMs (0.246 g 
per 100 gsample). Deciduous forest 
litters produced overall greater mass 
concentrations of organic precursors 
and TTHMs than did the conifers. A 
linear correlation with an r2 of 69.1 
percent and a significance level of a.::: 
O.OOS was found when the leaf litter 
organic precursor mass concentration was 
reg res sed TTHM. 

Among the soils, the Lambs Creek 
samples, classified as high mountain 
stony loam (very high in organic mat­
ter), produced the greatest mass of 
precursor and TTHM per mass of sam pI e 
(S66 to 677 mg TOC per 100 g and 
47.2 to 67.2 mg TTHM per 100 g). This 
site had the minimum mass concentra­
tions of precursor and TTHM per mass of 
sample for leaf litter (conifers). 
Harkers soil (Mountain Dell agricultural 
area, Mountain Dell near the reservoir, 
and Pqrleys Canyon sites), classified as 
having high organic-matter content but 
mixed with other soil types, had less 
mass concentrations of precursor and 
TTHM than did the Lambs Creek soils. 
The Harkers soil sites were associated 
with Cottonwood-Birch-Alder, Sagebrush, 
and Gambel Oak, respectively. The soil 
samples from the upstream section of 
Mountain Dell Creek, obtained from 
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undul ating bottomland sampl ing terrain, 
had considerably lower precursor 
mass concentrations (236 versus S02 mg 
per 100 g sample). TTHM samples 
were less variable. The linear regres­
sion of soil organic precursor (TOC) 
on TTHM produced an r2 0 f 47.7 perc ent 
at a. ::: O.OOS, less than the leaf litter 
leachate. samples. Differences among 
sample types were less, and the relative 
magnitudes 0 f precursor and TTHM mass 
concentrations varied from those for 
leaf litter. There was, however, a 
rough -correl ation for greater soil 
organic matter content wi th increasing 
TTHM levels. 

From the leaching results, the 
ratio of organic precursor to MTP-TTHM 
was calculated to be about 11:1 for both 
soil and leaf litter leachates. 
In other words, the TTHM formation 
potential for both sample types was 
similar. 

Summary of Leaf Litter and 
Soils Leaching 

Both leaf litter and soil leachates 
were shown to be potentially significant 
sources of TTHM production. Organic 
precursor and TTHM mass concentrations 
(g per 100 g sample) 'for leaf litter 
were found to be approximately 19 times 
those for soils. The deciduous vegeta­
tion produc ed greater mass concentra­
tions of organic precursor and TTHM 
than did the coniferous vegetation, but 
only a small number of coniferous 
samples was analyzed. Chloroform was 
the dominant THM. 

The concentrations produced from 
laboratory leaching are not indicative 
of potential precursor and TTHM levels 
during natural leaching processes. The 
transport of these organic precursor 
materials in a dissolved or particulate 
form to the surface water system and 
subsequent dilution would result in much 
lower finished water TTHM concentra­
tions, even with maximum chlorination 
practices. 



It has been estimated (Fisher and 
Likens 1973) that 99 percent of the 
organic matter in an undisturbed stream 
system comes from the surrounding 
forested watershed or from upstream 
areas. Of the total input, about 44 
percent came directly from the surround­
ing forest, mostly in a particulate 
form, 29 percent of this was due to leaf 
litter alone. The remaining organic 
input entered the stream in surface and 
subsurface inflows, about equally 
divided between the two. About 83 
percent of the geologic input occurred 
as dissolved organic matter. Therefore, 
leaf litter and soil le-achates would 
appear to be important contributors 
to TTHM precursor production in a 
relatively undisturbed watershed. 
The division between these two sources 
would depend on watershed characteris­
tics. Deciduous vegetation would 
probably contribute more precursor to a 
stream system than conifers, especially 
during the fall, because the trees lose 
their leaves and are usually more 
abundant along a stream course (except 
at high altitudes). The relative soil 
contribution would depend on interflow 
and baseflow amounts and paths. 

Water Treatment and 
Distribution 

City Creek, Parleys, and Big and 
Little Cottonwood water treatment plants 
and distribution systems were monitored 
once a month from September 26, 1980, to 
December 30, 1981" (16 months). All 
sampling stations and their locations 
are shown in Figure 25 and described in 
Table 22. Water treatment plant process 
schematics are presented in Figures 2 
and 3. The raw data can be found in 
Appendix B. 

Water Treatment 

The results of the inst-TTHM, 
term-TTHM, and organic precursor 
(TOC) measurements at the four treatment 
plants are presented graphically in 
Figures 26 through 29. Inst-TTHMs and 
term-TTHMs followed the same general 
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trend at all treatment plants: peak 
periods were approximately from March to 
June, during spring runoff, and Septem­
ber to October, late summer, early fall. 
Precursor concentration fluctuations did 
not always correlate with increased 
levels of TTHM production. 

Inst-TTHMs at the City Creek water 
treatment plant (Figure 26) were great­
est during March and April (21 and 18 
Ug/l, respectively). Term-TTHMs showed 
an increase at these times also. 
Another inst-TTHM peak occurred during 
October, 1981. The associated term-TTHM 
(54 u gil) was the maximum recorded at 
the pl ant. Term-TTHMs were also 
greater in October, 1980 (42 IJg/l). 
Organic precursor levels showed some 
relationship to increased TTHMs during 
the spring, but were less than 1.0 mg/l 
in both Octobers. The March 1981 
precursor concentration of 3.8 mg/l was 
almost twice that of other months and 
was associated with increased TTHM 
concentrations, but term-TTHMs were 
lower than might be expected. This may 
be an indication that the free chlorine 
residual was consumed. Depths of 1.0 cm 
and 2.3 cm of precipitation recorded 
dur ing the Oc tober 1980 and 1981 s am­
pling dates, respectively, may have been 
partially responsible for the increased 
TTHM levels. 

Sam-ples from the Big Cottonwood 
water treatment plant displayed TTHM 
data trends similar to those at City 
Creek (Figure 27). Inst-TTHMs and 
term-TTHMs were highest in April (35 
JJg/l inst-TTHM and 69 IJ g/ 1 term-TTHM). 
Th e c h lor in e d em and - ( d 0 s e 1 e s s f r e e 
residual) in May (1.3 mg/l) was greater 
than in April (0.75 mg/l) but did not 
produce more TTHMs. Measured influent 
organic precursor was also greater in 
May by 1.9 mg/l (and in June). Inst­
TTHMs and term-TTHMs were greater in 
September 1980 than Oc tober 1980 even 
though no precipitation occurred on the 
September sampl ing date (1.0 cm was 
recorded in October). 

The Parleys water treatment pl ant 
(Figure 28 was off-line from December 
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Table 22. List of Salt Lake County distributions sampling stations for monthly 
sampling, September 1980 to December 1981. 

Station Number Station Location and Description 

1 
2 
3 
4 
5 
6 
7 
8 
9 

City Creek water treatment plant 
Parleys water treatment plant 
Big Cottonwood Creek water treatment plant 
Little Cottonwood Creek water treatment plant 
8644 South 3500 East, Residence 
Salt Lake Metro Water District 33rd South terminal reserv01r 
3616 East Hermes 4135 South, Residence 
851 East North Crest Drive, Residence 
2727 East Kentucky, Residence 

10 
11 
12 
13 
14 
15 

2475 East 3300 South, Residence 
Bonneville Golf Course 
Liberty Park, Greenhouse 
Utah Capitol Building 
1855 South Industrial Road 1800 West, Business 
145 Wright Brothers Drive, Salt Lake International Center, 

Business 
16 
17 

Groundwater Well 1656 (deep), 6475 South 2650 East 
Groundwater Well 1657 (shallow), 4800 South 900 East 

to April. TTHM peaks were observed in 
October 1980 and 1981, and May. The 
May peak coinc ided wi th a low organic 
precursor concentration of 0.9 mg/l. 
The inst-TTHM concentration (68 11 g/ 1) 
was nearly as high as the term-TTHM 
concentration (74 11g/l). The treatment 
plant was actually off-line at this time 
and the chlorinated effluent had been in 
storage, resulting in a high inst-TTHM 
concentration from prolonged contact 
time. Concentrations of all parameters 
~re higher than at the City Creek and 
Big Cottonwood Creek treatment pI ants 
which treated only raw stream water. 

The Little Cottonwood water treat­
ment plant receives raw water from 
both Li ttl e Cottonmod Creek and Deer 
Creek Reservoir. In 1981 the Little 
Cottonwood Creek equaled or ex.ceeded the 
Deer Creek Reservoir contribution during 
April, May, and June. TTHM peaks 
corresponded to those for the Parleys 
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water treatment plant; during Septem­
ber/October and spring runoff (April, 
May, June) (Figure 29). Inst-TTHMs 
did not show the pronounced peak dur­
ing spring found at the other treat­
ment plants, although term-TTHMs were 
high at this time (100 11g/l in May) . 
The TTHM formation potential during 
both fall periods was primarily a 
function of Deer Creek Reservoir pre­
cursors and sl ight ly greater chlorine 
doses, while during May both precursor 
sources appeared responsible. Based 
on precursor concentrations, term-TTHM 
concentrations should have been great­
er dur ing December 1980. Term-TTHM 
levels were always lower at this time 
at all treatment plants. Term-TTHM 
fo rm a t ion in Dec em be rat the Lit tIe 
Cottonwood plant may have been limit­
ed by the 0.70 mg/l free chlorine 
residual (it was normally 1.0 mg/l 
or greater during spring and summer 
months) • 



The Deer Creek Rese rvoir influent 
was regularly chlorinated at the reser­
voir (0.5 mg Cl/l) and contributed from 
10 to 50 j1 gil inst-TTHMs upon entering 
the treatment plant. This influent to 
the Little Cottonwood water treatment 
pI ant had a great er mean ins t-TTHM 
concentration (34 ]lg/!) over the 16 
month sampl ing period than did the mean 
inst-TTHM concentration for the pI ant 
effluent (29 ]l g/l). The effluent 
concentration was apparently the result 
of dilution with Little Cottonwood Creek 
water, the lack of contact time (post 
chlorination was practiced) for addi­
tional inst-TTHM formation, and removal 
of precursors and TTHMs in, treatment. 
The TTHM formation potential (Deer Creek 
Reservoir water) based on terminal TTHMs 
(term-TTRM less inst-TTHM) averaged only 
5 ]lg/l. The available free chlorine of 
the Deer Creek Reservoir influent was 
usually exhausted. In contrast, the 
mean TTHM formation potential for the 
plant effluent was 44 ]lg/l, where a free 
chlorine residual was maintained. It 
was not possible to determine accurately 
from these data the influence of Deer 
Creek Reservoir influent water on 
effluent TTHM ,formation at the Little 
Cot ton wo 0 d wa t e r t rea t men t pIa n t . 
However, the Deer Creek Reservoir 
influent probably contributed to the 
majority of TTRM formation (except 
during spring runoff) because of its 
greater precursor concentrations (aver­
age precursor concentrations for Deer 
Creek Reservoir and Little Cottonwood 
Creek i nfl uents, respect ively were 2.7 
and 0.8 mg/!) and its providing nearly 
twice as much influent water annually. 

The watershed precursor loading 
data discussed previously revealed 
highest organic precursor concentrations 
during spring runoff. Precursor load­
ings (and concentrations) were low for 
all stream systems during fall, winter, 
and summer. From the monthly treatment 
p I ant d a t a for a I 1 wa t e r t rea tm e n t 
plants, TTHM levels increased during 
spring runoff when watershed precursor 
concentrations were highest, dropped 
during July and August as runoff de-
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creased and water temperatures rose, and 
then rose during September and October 
while water tempera.tures were still 
relatively high. Treatment plants using 
only stream water had greater influent 
organic precursor concentrations during 
the spring, and lower concentrations 
through summer and fall. Treatment 
plants using reservoir water had higher 
influent concentrations of organic 
precursor during September and October, 
as compared to spring concentrations, 
than plants treating only stream water. 
Reservoir turnover was occurring 
from March to May and September to 
November (establ ished from Mountain Dell­
Reservoir data, Hanson et al. 1983, and 
Little Cottonwood plant personnel 1983). 
This phenomenon, combined wi th precipi­
tation events, could have been partly 
responsible for the increased TTHM 
concentrations during September and 
October. Precipitation would increase 
the streamflows and thus the amount of 
precursor available for TTRM formation. 
Reservoir turnover may produce the 
same effect by mixing suspended and 
reservoir bottom organics, algae and 
algal by-products. Algal data obtained 
from Deer Creek Reservoir during 
1980-1981 at the sampling station 
nearest to the aqueduc t intake re­
sulted in highest counts on August 13 
and September 13, 1980, and September 
23, 1981. (weekly samples). The algicide 
copper sulfate (CuS04) was used minimal­
ly during these years. The Little 
Co ttonwood wa ter treatment pI an twas 
sampled on September 26,1980, and 
September 28, 1981. Thus, algal biomass 
may have contributed to organic precur­
sor concentrations and greater TTHM 
formation during the September periods. 
Increased levels of TTHMs during Septem­
ber and October at treatment plants 
using only stream water (City Creek and 
Big Cottonwood Creek) were not associ­
ated with greater precursor loading. 
Leaf-fall and precipitation, with 
resultant influxes of organics, may have 
been responsible for the increased TTHM 
levels. Surprisingly, all treatment 
plants produced fewer TTRMs during July 
and August (67 ].lg/l maximum) than in 



the spr ing and fall, even though stream 
water temperatures were high at this 
time (up to 13°C). Water temperatures 
at treatment plants serviced by reser­
voirs were a little higher in September 
(l6°C). The findings of lower July and 
August TTHM concentrations contrasted 
with those of Peters et al. (1981) in 
which the highest average TTHM exposure 
levels to Salt Lake residents were 
observed in July of 1980. It is 
possible that TTHM peaks may vary from 
year to year as to when they occur in 
the summer or fall months, depending on 
environmental conditions such as runoff 
peaks, algal blooms, and water tempera­
tures. Lower concentrations of organic 
precursors were apparently responsible 
for lower TTHM levels during July and 
August of 1981. 

Statistical analyses were performed 
on monthly water treatment plant data to 
search for correlations among measured 
parameters. Data from the City Creek, 
Par 1 e y s, and Big Cot ton wo 0 d wa t e r 
treatment pI ants were grouped because 
the treatment schemes were similar and 
prechlorination was practiced. The 
Little Cottonwood water treatment plant 
was considered separately because post 
chlorination was practiced. The Deer 
Creek Reservoir aqueduc t water which is 
influent to that plant contains trihalo­
methanes, and permanganate was added at 
the infl uent to control period ic taste 
and odor problems (see plant schema­
tics, Figures 2 and 3). 

The data for the combined plants 
showed poor correlations for instan­
taneous and terminal TTHMs with influent 
or e ffl uent TOC C maximum r2 23.2 
percent for effluent inst-TTHM versus 
effluent TOC). When these plants were 
examined individually the correlations 
did not improve. The Little Cotton'WOod 
treatment plant also produced poor 
correlations for instantaneous and 
terminal TTHMs with effluent TOC 
Cr2 = 3.8 percent for effluent inst­
TTHM versus effluent TOC). The best 
linear fit of measured parameters was 
for term-TTHMs regressed against the 
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effluent free chlorine residual at the 
Little Cottonwood plant Cr2 = 0.639, 
a= 0.005) with the March data point 
excluded because the chlorine residuals 
Were abnormally high. The resultant 
equation was [term-TTHM) = 16.6 + 52.9 
(free chlorinel. 

The free chlorine residual can be 
considered an estimate of the magnitude 
of the chlorine dose in the treatment 
plant. If a free chlorine residual 
maintained throughout the TTHM reaction, 
the level of term-TTHM formation is 
dependent on the availability of precur­
sor mater ial, all other factors being 
equal. It has been shown (Trussell et 
al. 1979), as well, that higher chlorine 
do s e sac c e 1 era t e T T HM for mat ion. 
Therefore, one would expect higher 
chlorine doses to produce greater TTHM 
levels in the distribution system. 
However, if the travel time to the 
consumers' tap is too short to complete 
free chlorine consumption, TTHM levels 
will be reduced. Parameters that affect 
the reaction rate, such as temperature, 
pH,· and the type of organic precursor, 
need to be included in the formation 
equation. 

Al though the TTHM content of the 
treated water did not correlate well 
with organic precursor concentrations, 
plots of watershed and treatment plant 
data (Figures 14 through 20 and 26 
through 29) show a trend toward greater 
TTHM concentrations with increasing 
precursor levels. Influent organic 
precursor as TOC at water treatment 
plants did not provide a reliable 
predictive tool for effluent TTHM 
formation. Two problems may be asso­
ciated wi th this. First, more than one 
grab sampl e would probably be necessary 
to adequately characterize influent 
precursor concentration at anyone time. 
Second, treatment processes may affect 
TTHM formation, and in the case of 
term-TTHMs, the chlorine· dose will 
influence ultimate TTHM formation. 
The specific type of organic precursor 
coming from the environment may also 
cause differential TTHM formation. 



Table 23 shows the distributions 
among the individual THMs at the vari­
ous water treatment plants and ground­
water and storage reservoir sampling 
sites. The detected THM species all 
contained chlorine, and the THMs domi­
nated by chlorine (CHC13 and CHBrC12) 
were detected most frequently. The 
groundwater and reservoir water (Moun­
tain Dell and Deer Creek) sources 
contained greater percentages of the 
brominated THMs than did stream water 
sources. The groundwater samples 
contained the greatest percentage 
of the brominated spec.ies (51 per­
c en t ). In 0 the r res ear c h, inc rea sing 
the bromide concentration increased 
the percentage of brominated THMs 
(Luong et al. 1982). Bromine acted 
principally as a substituting agent in 
haloform (THM) reactions when bromine 
and chlorine reacted in combination. 
In addition, organic bromine probably 
or~g~nates principally from the inor­
ganic bromide in raw water by rapid 
oxidation by chlorine. TOC, chlorine, 
and ammon~a were important parameters 
in determining the overall balance of 
THMs ·produced. Under low TOC concen­
trations (2.5 mg/l) and very high 
bromide levels (2000 ).lg/1) bromoform 
was the major species present (Luong 
et al. 1982). The greater percentages 
of brominated THMs suggest that the 
groundwater, Parleys effluent, and Deer 
Creek influent sources may contain 
greater concentrations of bromide 
ion. 

Bromide was apparently not pre­
sent in sufficient quantities to form 
strictly brominated THMs. An average 
concentration of bromide reported in the 
li terature for natural fresh waters is 
approximately 0.006 mg/l (Livingstone 
1963). In this study the halogen 
chlorine was utilized in the formation 
of both chlorinated and brominated THM 
species. CHC13 was the dominant specie. 
Lowering the chlorine dose or the 
organic precursor concentration (TOC) 
could result in decreased concentrations 
of the CHC13 species. 
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Summary 

TTHM formation at the Ci ty Creek, 
Parleys, Big and Little Cottonwood water 
treatment plants was greatest during 
March to June and September to October 
(September 1980 through December 1981). 
The greater TTHM concentrations ~n the 
spring correlated wi th greater org anic 
precursor concentrations in the spr~ng 

snowmelt runoff. During the fall, 
organic precursor production from 
precipitation events, reservo~r turn­
over, algal blooms, and possibly leaf­
fall appear to be responsible. Slightly 
greater chlorine doses at the Little 
Cottonwood water treatment pl ant may 
have contributed to increased TTHM 
levels during fall of 1981. TTHM levels 
in the treated water were conspicuously 
low during July and August. Water 
temperatures were high at this time, but 
low concentrations of the organic 
precursors were mostly responsible for 
low TTHM levels. Inst-TTHM formation 
was greatest at the Little Cottonwood 
water treatment plant but did not 
exceed the MCL (100 ).lg/l). The primary 
difference seemed to be that the Deer 
Creek Reservoir water treated by that 
plant had more available organic pre­
cursor. 

Influent organic precursor con­
centrations were not highly correlated 
wi th effluent TTHM levels at the water 
treatment plants, but there was a trend 
toward· greater TTHM concentrations 
during periods of higher precursor 
levels. Influent organic precursor 
concentration as TOC may not be a good 
surrogate parameter for estimating TTHM 
levels in finished water. 

The groundwater and reservoir water 
sources sampled and chlorinated con­
tained a greater percentage of the 
brominated THM species than did the 
stream sources. The groundwater samples 
after chlorination contained the great­
est amount of the brominated species (51 
percent). The halogen chlorine was 
utilized in the formation of both 
chlorinated and brominated THM species. 
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Table 23. Mean percent of individual trihalomethane species in Salt County surface waters 
and groundwaters. a 

Source 

Little Cottonwood Water 
Treatment Plant: 
Deer Creek Influent 

Little Cottonwood Water 
Treatment Plant: Effluent 

33rd South Terminal 
Storage Reservoir: 
Effluentb 

Parleys Water Treatment 
Plant: Effluent 

Big Cottonwood Creek Water 
Treatment Plant: Effluent 

City Creek Water Treatment 
Plant: Effluent 

Groundwater Wells 1651 and 
1657 (combined)C 

Chloroform, 
( CHCI 3) 

(%) 

69 

80 

73 

62 

88 

85 

49 

Dichlorobromo­
methane, 

(CHBrC12) 
(%) 

25 

16 

21 

28 

11 

14 

32 

aTerminal C7-day) t rihalomethanes. except where spec ified. 
bInstantaneous trihalomethanes. 
cMaximum potential trihalomethanes (excess chlorine). 

Dibromochloro­
methane, 

(CHBr2Cl) 
(%) 

6 

4 

6 

10 

1 

1 

19 

Bromoform, 
( CHBr3) 

(%) 



CHC13 (chloroform) was the dominant 
THM specie overall. 

Distribution System 

The mean and standard devi ations 
of inst-TTHMs measured during 1981 at 
the water treatment plants and the 
distribution sampling sites are shown in 
Figure 30. Table 22 lists the sampl ing 
stations. The first four stations are 
the treatment plants. The two treatment 
plants using stream water as a source, 
City Creek (station 1) and Big Cotton­
wood Creek (station 3), produced the 
lo~st inst-TTHM concentrations (11 and 
12 )Jg/l, respectively) of the treatment 
plants. Product water from Parleys 
(station 2) and Little Cottonwood 
(station 4) treatment plants contained 
higher levels of inst-TTHMs (32 and 28 
;:rg/l, respectively). These two pl ants 
treat reservoir water although the 
Li tt le Cottonwood pl ant mixes about one 
part of stream to two parts of reservo~r 
water. The mean and standard deviation 
were both greater for the Parleys plant, 
but it must be noted that Parleys 
plant data were missing during the 
winter months when TTHM levels would 
normally be lower. 

Figure 31 shows the Little Cotton­
wood plant effluent mean free chlorine 
residual during 1981 (1.22 mg/1) to be 
greater than the other plants, but with 
a greater standard deviation. The 
greater free chlorine residual at the 
Little Cottonwood plant results from 
post chlorination (less time for chlo­
rine to be used up in oxidat ion reac­
tions). The Parleys plant had the 
lowest average free chlorine residual 
(0 .69 mg/1), although it was only 
sl ightly 1 ess than the values for the 
City Creek (0.86 mg/1) and Big Cotton­
wood Creek (0.80 mg/1) residuals. All 
three plants prechlorinate. 

Although the Little Cottonwood 
plant post chlorinates, inst-TTHMs were 
nearly as great as at the Parleys plant. 
Evidently, influent TTHMs from Deer 
Creek Reservoir and the chlorine added 
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at premix (up to 1.0 mg/1) increase 
inst-TTHM concentrations in the product 
wa t e r . The h i g h mea n f r e e c h lor i n e 
res i d u a 1 a t the Lit t 1 e Cot ton wo 0 d 
treatment plant was associated ~.,ith 

term-TTHMs that were greater than at any 
other facili ty (up to 107 )Jg/1). Peak 
term-TTHMs from the Parl eys pl ant 01 
)Jg/l in May and 74 )Jg/l in October 1981) 
~re slightly more than at Big Cotton­
wood (69 )Jg/l in April) and greater than 
at City Creek (54 )Jg/l in October) under 
finished water chlorination conditions. 

The _ d a t a from the dis t rib uti 0 n 
system (stations 5 through 17) should be 
representative of TTHM concentrations in 
municipal water throughout the Salt Lake 
City area (complete data can be found in 
Appendix B). The maximum inst-TTHM 
concentration found during 1981 was 
64 )Jg/l at station 5 (October). This 
was less than the 100 )Jg/l MCL. Inst-
TTHMs at all distribution stations 
averaged less than 40 )Jg/l for the year, 
and a free chlorine residual was almost 
always present at the time of sampling. 
A 0.2 mg/l free chlorine residual in 
distribution systems is required by the 
State of Utah. 

The 33rd South finished water 
storage reservoir (station 6) receives 
its water supply from the Little Cotton­
wo 0 d wa t e r t rea t men t p 1 ant . Mea n 
inst-TTHMs (Figure 30) were higher than 
the treatment plant effluent' samples (38 
versus ·28 ).ig/l, respectively). The 
mean free chlorine residual (0.75 mg/l) 
was about 40 percent less. These 
differences were the result of longer 
contac t time for TTHM formation in the 
presence of a free chlorine residual. 
The storage reservoir mean TTHM concen­
tration was the highest observed at any 
of the distribution sites. 

Station 5 was a residence in very 
close proximity to the Little Cottonwood 
water treatment plant. It had an 
average yearly inst-TTHM concentration 
U8 )Jg/1) as high· as the storage reser­
voir, and its mean free chlorine re­
sidual concentration (1.06 mg/1) was 
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greater. This station can receive water 
from either Little or Big Cottonwood 
water treatment plants, depending on the 
season and pumping requirements (Schenck 
1983). The high mean free chlorine 
residual concentration indicates that a 
large percentage of the water at station 
5 was coming from the Little Cottonwood 
pI ant. 

The distribut ion station furthest 
from the water treatment plants, 
station 15, had a comparatively high 
mean inst-TTHM level (34 llg/l) , while 
maintaining a mean free chlorine re­
sidual of 0.49 mg/l. Mean inst-TTHMs, 
however, were not as high as at stations 
5 and 6 even though water delivered to 
station 15 has a potentially longer 
residence time ~n the distribution 
system, and hence greater potential TTHM 
formation potential. Station 15 uses 
predominantly City Creek water, except 
in the summer when Little Cottonwood 
Creek and possibly Parleys water may be 
substituted. There is probably no well 
water dilution at this station. The 
mean inst-TTHMs at station 15 were equal 
to or greater than those at all water 
treatment plant effluents and indicate 
increased TTHM formation with time, 
especially if City Creek water was 
extensively used. The sampl e s~ze at 
s tat ion 15 was, howe v e r, sm all e r 
(missing data were January through 
March) • 

Since TTHM formation uses t he free 
chlorine residual over time, distribu­
tion stations with lower free chlorine 
residuals might be expected to have 
greater TTHM c oncentrat ions if the 
original doses were similar. Stations 7 
and 9 had the lowest mean free chlorine 
residuals (0.15 and 0.25 mg/l, re­
spectively) but also had comparatively 
low average inst-TTHMs 02 and 4 11g/l, 
respectively). The mean inst-TTHM 
concentration at station 9 was very low 
because that location ~s primarily 
supplied with spring water (from Neff 
Canyon). Spring water will normally 
contain lower concentrations of organic 
precursors than does surface waters. 
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The chlorine dose averaged less than the 
relatively low value of 1.0 mg/l at 
station 9, and a small chlorine demand 
was exerted. The small standard devia­
tions (see Figures 30 and 31) for 
inst-TTHMs and free chlorine residual 
indicate consistently low inst-TTHM 
formation at this site. Station 7 uses 
either Big or Little Cottonwood Creek 
water (usually Big Cottonwood). No well 
water is used but possibly some spring 
wa ter. The low me an free chlorine 
residual of 0.15 mg/l reflects the long 
residence time of the water in the 
distribution system before reaching this 
site. Water is stored in holding tanks' 
for gravity feed. The mean inst-TTHM 
concentration did not indicate increased 
TTHM formation with time. 

Station 10, rece~v~ng water from 
the 33rd South storage reservoir (sta­
tion 6), also did not produce increased 
inst-TTHMs with time. Although the mean 
free chlorine residual was near ly the 
same as station 6, inst-TTHMs dropped 
from an average of 38 11 gil to 22 llg/l. 
There may have been some loss of TTHMs 
due to volatil ization. Well water 
dilution is minimal. 

Station 11 uses Emmigration tunnel 
spring water. Mean inst-TTHMs there 
were 26 llg/l, greater than might be 
expected from this source. Station 13 
uses water predominantly from the City 
Creek treatment plant. Very little well 
water is used. The mean inst-TTHM (19 
]lg/l) at station 13 was 8 11g/l greater 
than the mean for the City Creek plant, 
and the mean free chlorine residual 
(0.47 mgt!) was 0.29 mg/l less than at 
the plant. The free chlorine demand 
resulted in slightly greater TTHM 
formation with time. Likewise, another 
station using almost exclusively City 
Creek water (stat ion 8) had mean inst­
TTHMs almost identical to the treatment 
plant but practically no chlorine 
demand. In other words, organic pre­
cursors from this source water were of 
low concentration or did not readily 
react to form TTHMs. The residence time 
in the distribution system may have been 
very short. 



The time variable patterns in which 
the waters from various sources mix in a 
large interconnected distribution 
network make it difficult to identify 
the water sources associated with the 
distribution system stations. Sta­
tions 12 and 14, specifically, use a 
variety of water sources. Concen­
trations of mean inst-TTHMs and free 
chlorine were similar at these stations 
and at about average values for the 
distribution network as a whole. 

Two statistical tests were per­
formed on the monthly distribution 
system data for the last 6 months of 
sampl ing (no missing data points). 
Firs~, analysis of variance of the 
inst-TTHM means for the 10 sampling 
stations, excluding water treatment 
plants and the storage reservoir, 
id en t if d a s i g n i f i can t s tat ion by 
station variation, at the 99 percent 
confidence level. In other words, there 
were significant differences in inst­
TTHM concentrations among the stations 
during that time period (May through 
October 1981) as influenced by water 
source, treatment, and distribution. 

Second, simple linear regression of 
inst-TTHM against the free chlorine 
residual for the distribution stations 
did not produce a significant correla­
tion. This was probably because the 
measured free chlorine residuals (and 
inst-TTHMs) were not associated wi th a 
speci c source water but were affected 
by mixing and dilution. 

Deep and shallow groundwater wells 
(stations 16 and 17) sampled in the 
spring and late summer (June and Septem­
ber) had maximum TTHM potentials (MTP) 
of 12 and 19 ]1g/l, respectively. The 

shallow well produced greater TTHM 
concentrations in both seasons, 19 ]1g/l 
in June and 17 ]1g/l in September. 
Organic precursor (TOC) concentrations 
for both wells were less than 0.5 mg/l 
in June. In September, 
concentration was 0.5 
s hal low we 1 1, and 3. a 
deep well. The latter 

the precursor 
mg/l at the 
mg/l at the 

concentration 
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seems high because o~ the low production 
of TTHMs. However, groundwater organic 
precursor as TOC has not been character­
ized and may not adequately predict TTHM 
formation. 

MTP-TTHM concentrations measured 
from groundwater samples were less 
than those for stream and reservoir 
waters. The maximum TTHM concentration 
for groundwater was 19 ]1 g/ 1. The 
minimum TTHM concentration for reservoir 
waters (Mountain Dell Reservoir) was 92 
]1g/l, and for stream waters (Parleys 
Creek) was 28 ]1 g/ I (the mean was 54 
]1g/0. Therefore it appears that, 
uncontaminated groundwater sources have 
less potential for TTHM formation than 
sur face wa ter sources. In Sal t Lake 
County, well water is pumped directly 
into distribution system lines, without 
prechlorination, hence groundwater TTHM 
levels would be dependent on the avail­
able free chlorine residual of concen­
tration less than or equal to the water 
treatment facility effluent. Based on 
TTHM results, it appears that the deep 
well had slightly less available organic 
precursors. TTHM levels at both wells 
showed no apprec iab Ie difference between 
seasons. The brominated THM species 
represented a I arger percentage of the 
TTHMs as also reported by Houghton 
(1946), 

Summary 

During 1981, water treatment plants 
which t'reated reservoir water, or a 
combination of stream and reservoir 
waters (the Parleys and Litt le Cotton­
wood plants, respectively), produced 
greater effluent mean inst-TTHM forma­
tion than plants treating strictly 
stream waters (City Creek and Big 
Cottonwood Creek). Water treatment 
schemes were similar at the City Creek, 
Parleys, and Big Cottonwood treatment 
plants (all plants routinely prechlori­
nate) but inst-TTHMs from Parleys 
water treatment pl ant effluent averaged 
64 percent greater. The Little Cotton­
wood water treatment plant, which 
receives chlorinated Deer Creek Reser­
voir influent water and practices post 



chlorination, produced mean ins t-TTHMs 
almost as great as the Parleys plant, 
and term-TTl1Ms were the highest of all 
pI ants (up to 107 l1g/1). Influent 
organic precursor concentrations (as 
TOC) were consistently greater at the 
Parleys and Little Cottonwood water 
treatment plants. 

Inst-TTHMs at all distribution 
stations (not including water treatment 
plants) averaged less than 40 ug/l for 
the year. Greatest concentrations were 
found at stations supplied specifically 
by the Little Cottonwood Creek water 
treatment plant, but mixing and dilution 
of municipal waters within the distri­
bution system hindered comparisons of 
water source and distr ibution station 
data. The lowest mean inst-TTHM concen­
tration (4 Ilg/1) occurred at a station 
(9) receiving exclusively spring water. 
TTHM formation was. not inhibited by the 
absence of free chlorine at this station. 

Groundwater samples which were 
chlorinated and measured for maximum 
TTHM potential (MTP) produced TTHM 
concentrations well below mean MTP TTHM 
concentrations for stream and reservoir 
waters. The maximum TTHM concentration 
from the groundwater samples was 19 
Ilg/l. Spring and well waters had less 
TTHM formation potential than surface 
waters. 

Unit Processes Analysis 

The effect of water treatment plant 
unit processes on TTHM formation was 
examined at the Big and Little Cotton­
wood and Parleys treatment plants during 
June/July and September 1981. The raw 
data are in Appendix A. Schematic 
diagrams of the unit processes (Figures 
2 and 3) and theoretical hydraulic 
detention times were used to schedule 
the taking of grab samples on selected 
dates as water passed through the 
plants. The concentrations of TTHMs and 
TOC in the samples are plotted on 
Figures 32 'through 37. Hourly monitor­
ing of the influent water was conducted 
to evaluate precursor concentration 
flue tuat ions. 
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Big Cottonwood Creek 

The Big Cottonwood Creek water 
treatment plant has a design capacity of 
42 mgd (15.9 x 104 m3 /d). The plant 
was monitored twice. On July 1, 1981, 
the plant was operating near capacity 
(40 mgd; 15.1 x 104 m3/d). Chlorina­
tion was at rapid mix at a dose of 1.3 
mg/l. The influent water temperature 
and pH were 14.5°C and 8.2, respective­
ly. The water temperature increased to 
19°C by the end of sedimentation and 
then decreased to 16°C by the end of 
treatment (effluent). The pH was 
immediately elevated to 8.6 at rapid mix 
(lime addition) but remained between 8.1 
and 8.3 through the remaining treatment 
processes. 

The influent organic precursor 
concentration (as TOC) was 1.3 mg/l 
(Figure 32). During treatment, precur­
sor levels fluc tuated considerably, but 
some of the differences in the c oncen­
trations might be attributed to sampling 
time and location (grab samples, not 
composite samples, were obtained), 
Influent precursor concentrations 
monitored hourly during sampling pro­
duced little variation, indicating a 
constant precursor source. From the end 
of flocculation to the filter influent 
precursor concentration increased from 
1.3 to 2.3 and then declined to 0.8 
mg/l. The increase in organic precursor 
concentration through the sedimentation 
basin may have been due to the res us­
pension of settled material. The 
sedimentation basin has a split level 
configuration which minimizes depth but 
sometimes resuspends the floc at capa­
city flows (Big Cottonwood plant per­
sonnel 1983). Rapid sand filtration 
then removed 1.3 mg/l of precursor. The 
overall removal of organic precursor 
through the treatment plant was 0.4 mg/l 
(31 percent). 

The free chlorine residual concen­
tration after rapid mix was 1.0 mg/l, 
hence the initial chlorine demand (based 
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on chlorine dose) was only 0.3 mg/l. 
During the remainder of treatment the 
f ' ' ree chlorlne concentration was between 
0.70 and 0.90 mg/l. TTHM format ion 
occurred after chlorine appl ication at 
rapid mix (Figure 32). Inst-TTHM 
formation exhibited a steady increase 
with contact time until filtration. 
The inst-TTHM concentration was 9 ]Jg/l 
through filtration and then dropped 
to 6 ]Jg/l in the clearwell effluent , 
probably because of mixing with the 
other effluent waters. Filtration was 
either effective in removing TTHMs or 
else further inst-TTHM formation did not 
occur. Term-TTHM formation immediately 
after chlorination was 53 ]Jg/l the 
highest value measured during trea;ment. 
The pH and free chlorine residual 
concentration were greatest at this 
time. Term-TTHMs fluctuated with 
organic precursor concentration through 
the t rea tm e n t pro c e s s. Sin c e f r e e 
chlorine residuals were relatively 
constant after flocculation, organic 
precursor concentration most likely 
gove r ned term -TTHM forma t ion and 
may have reduced it some during treat­
ment. The effluent term-TTHM concen­
tration was 32 11 gil. TTHM levels at the 
Ta?ner storage reservoir supplied by 
thlS pl ant were 11 ]Jg/l inst-TTHMs and 
31 ]Jg/l term-TTHMs. A higher water 
temperature (21°C) and longer contact 
time apparently increased inst-TTHMs 
from 6 to 11 ]J g/ 1. Term-TTHM formation 
was limited by low precursor concentra­
tions and possibly the chemical nature 
of the precursor compounds. 

On S e p t em be r 24 , 1 98 l, the Big 
Cot ton wo 0 d C r e e k t rea t men t p 1 ant 
was 3perating at a flow of 18.5 mgd (70 
x 10 m3 /d) , but only one-half of the 
plant was in use. The influent pH and 
water temperature were 8.1 and 17. DoC, 
respectively. The pH remained nearly 
constant (7.9 to 8.1) during treatment. 
The water temperature increased to 20°C 
after flocculation, but then decreased 
to 15°C after sedimentation and remained 
at that temperature. The chlorination 
dose at rapid mix was 1.4 mg/l. A trace 
of chlorine (0.10 mg/l total chlorine) 
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was measured in the influent water as a 
result of recycling some finished 
water. 

The in fl uent organic precur Bor 
concentration measured at the start of 
the,monitoring was 1.6 mg/l, but hourly 
monltoring of the influent throughout 
the day gave a mean concentration of 
about 0.7 mg/l. The precur sor concen­
tration increased to 1.4 mg/l through 
flocculation/ sedimentation (Figure 33). 
Rapid sand filtration removed some 
additional organic precursor. 

TTHMs were detected ln the pl ant 
influent prior to chlorination because 
of some finished water recyc Ie. Inst­
TTHMs increased (to 9 llg/l) during 
flocculation/sedimentation, and the 
organic precursor concentration in­
creased as well. This inst-TTHM concen­
tration was maintained through the 
filtration and clearwell processes. 
Term-TTHM levels did not fluctuate with 
organic precursor concentrations, and in 
fact, attained their highest measured 
concentrations from filter effluent and 
clearwell effluent samples where the 
precursor concentration was lowest 
It is not c lear why the TTHM format io~ 
potential increased after filtration but 
both filter effluent and plant effluent 
samples detected increased term-TTHM 
formatio,n (up to 33 ',lg/1). During the 
sampl ing time for rapid sand filtration 
the raw turbidity was being reduced fro~ 
30 turbidi ty units to an average of 
about 0.05 turbidity units; and filter 
backwash was not taking place. There­
fore, fil ter performance was not sus­
pected of causing the increased TTHM 
formation potential. TTHM concentra­
tions at the Tanner storage reservoir 
were 15 ';1 gil (inst-TTHM) and 23 Jlg/l 
(term-TTHM) in the presence of a free 
chlori:ne residual. Therefore, inst­
TTHMs lncreased from 9 (pl ant effluent) 
to 15 Jlg/l but the TTHM formation 
potential decreased. 

Sunnnary 

Inst-TTHM concentrations in the 
unit processes of the Big Cottonwood 



water treatment plant had similar 
patterns on July 1 and September 24, 
1981. The concentrations increased 
with contact time through flocculation/ 
sedimentation and then r~ained constant 
through filtration. Rapid sand filtra­
tion (wi th anthrac ite coal) was either 
successful in reducing (removing) 
inst-TTHMs or further TTHM formation did 
not occur. Inst-TTHM concentrations 
reached 9;.lg/1 in the plant on both 
dates. Term-TTHMs, which are not 
dependent on cont ac t time, had greater 
formation potential during treatment on 
July 1 than on September 24, but efflu­
ent term-TTHHs were nearly the same on 
both dates <32 and 33 ].l gil) . Chlorine 
doses were also similar. At the 
finished water storage reservoir, 
sampled after water treatment, inst-TTHM 
concentrations increased about 40 
percent and term-TTHMs were equal to or 
less than the pI ant effluent concentra­
tions. Rapid sand fil tr at ion was the 
most effective treatment process for 
organic precursor removal, but term­
TTHMs unaccountably increased through 
filtration on September 24. Organic 
prec ur sor and term-TTHM concentrations 
(to ales ser extent) increased through 
the sedimentation basin, probably as a 
result of resuspension or organic matter 
caused by short circuiting and sludge 
blanket disturbance from capacity plant 
flows. Precursor concentrations were 
greater on July 1, and removal effi­
ciencies were about the same in July and 
September (30 percent). 

Parleys Canyon 

The design treatment capacity for 
the Parleys water treatment plant is 32 
mgd (12 x 104 m3 /d). Prechlorination 
at rapid mix is normally practiced (see 
Figure 2). On July 1, 1981 the plant 
flow was 20 mgd (76 x 103 m3 /d), and 
the chlorine dose at rapid mix was 
2.4 mg/l, higher than normal. The 
influent water temperature was 15°C. 
Minor fluctuations in water temperature 
occurred during treatment, and the 
effluent water temperature was l3.5°C. 
The pH remained between 7.5 and 7.7 
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during treatment (1 ime was not added). 
Alum and activated silica (for high 
turbidity) were used in July for coagu­
lation/ fl oc cuI at ion. 

The influent (from Mountain Dell 
Reservoir) organic precursor concent ra­
tion (as TOC) was 2.7 mg/l (Figure 34). 
Influent precursor concentrations 
monitored hourly during sampling showed 
little fluctuation, indicating a rela­
tively constant precursor source. This 
concentration generally decreased 
through all treatment processes to an 
effluent concentration of 1.9 mg/l, a 30 
percent reduction. The increase in 
precursor concentration shown in the 
launder (between sedimentation and 
filtration) may have been the result 
of sampling variability, and not re­
presentat ive of unit process concentra­
tions. 

The influent water contained very 
low concentrations of free chlorine 
(0.05 mg/l) and TTHMs (2 ].lg/l) , from 
recirculated finished water. Upon 
chlorination at rapid mix, inst-TTHMs 
inc reased to 14 llg/ I and cont inued to 
increase to 29 llg/l after filtration. A 
free chlorine residual of 0.75 mg/l just 
after chlorination (2.4 mg/l chlorine 
dose) indicated a strong chlorine 
demand. The unit processes did not 
appear to be effective inst-TTHM removal 
mechanisms. Inst-TTHMs and organic 
precurso-r concentrations followed the 
expected patterns of formation/removal 
for a treatment process with prechlori­
nation, a steady increase of inst-TTHMs 
and a steady decrease of organic precur­
sor. There was a pronounced increase 
of term-TTHMs to 46 ].lg/l upon chlorina­
tion at rapid mix. Another increase 
occurred in the launder (up to 74 llg/l). 
This was probably because of mixing and 
sample variability as the precursor 
concentration and chlorine residuals 
were also greater at this time. The 
term-TTHM concentration then decreased 
through the filters (as did organic 
precursor concentration), and finally 
through the c learwe 11 to 28 llg/l. The 



clearwell sample was composed of fin­
ished water from all filters and was 
not necessarily representat ive of the 
individual fil ter sampl ed. Term-TTHMs 
at the Baskin storage reservoir, which 
received mostly Parleys finished water, 
were greater (54 ).lg/l) than the plant 
effluent but had similar residual 
chlorine concentrations. The measured 
plant effluent term-TTHM concentration 
was apparently not representative of 
the actual TTHM formation potential, 
possib ly because of sampl ing variab il­
ity. 

On September 24, 1981, the Parleys 
water treatment pl ant was operating at 
15 mgd (57 x 103 m3 /d), but only one 
side of the plant was being used (see 
Figure 2). This means that the hy­
draul ic flow was near deslgn capaci ty 
and the total hydraulic detention time 
was less than on July 1. The prechlo­
rination dose was 2.2 mg/l. Water 
temperatures were relatively constant 
with treatment. The influent tempera­
ture was 19.0 o e, and the effluent 
temperature was 18 .0De. The pH de­
creased from 8.1 to 7.6 during treat­
ment, primarily during rapid mix and 
flocculation. 

The influent organic precursor 
concentration (1.8 ).lg/l) was less than 
on July 1 (Figure 35). Influent con­
centrations remained at about this level 
dur ing sampl ing. Precursor concentra­
tions again decreased during treatment, 
but only by about 17 percent. The 
organic precursor may have been almost 
totally in a dissolved form and there­
fore difficult to remove by conventional 
water treatment processes. On the 
other hand, there may have been some 
ineffic ient sedimentat ion or resuspen­
sion of organic matter because of the 
short hydraulic detention time. 

TTHM formation occurred after 
chlorination at rapid mix. Inst­
TTHMs were within the same range of 
concentrations (10 to about 30 ).l gil) 
as inst-TTHMs sampled on July 1. 
The peak inst-TTHM level measured 
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was 33 ).lg/l at the influent to sedi­
mentation. The residual chlorine data 
show that a chlorine demand occurred 
bet we en rap i d m ~ x and the s tar t 0 f 
sedimentation, increasing inst-TTHM 
formation, but the inst-TTHM concentra­
tion (33 ).l g/ l) at sedimentation seems 
high because the term-TTHM concentration 
wa s no g rea t era t t his poi n t . S om e 
of the TTHM samples had small air 
bubbles and TTHM volatilization, 
resulting in lower term-TTHMs, could 
have occurred. Filtration and possibly 
sedimentation reduced inst-TTHM forma­
tion to 19 ).lg/l. The term-TTHM concen­
trations were relatively constant after­
sedimentation, as were precursor concen­
trations and chlorine residuals. The 
term-TTHM concentration at the Baskin 
storage reservoir was greater (47 ).lg/l) 
than the finished water 06 ).lg/l) , and 
chlorine residuals were less at the 
reservoir, but the reservoir was sampled 
prior to the finished water sample. 
Therefore, the difference in term-TTHM 
levels may be attributed to the time of 
sampl ing. 

Summary 

Treatment processes at the Parleys 
plant removed 30 percent of the influent 
organic precursor concentration on July 
1, and 17 percent on September 24, 1981. 
The infl·uent organic precur sor concen­
tration was greater in July (2.7 mg/ l) 
t han inS e p t em b e r (1. 8 m g / 1), and 
term-TTHM formation during treatment was 
greater in July than in September. 
Chlorine doses were similar (2.2 and 2.4 
mg/1). Inst-TTH1'1 concentrations were 
mostly within the same range (10 to 30 
l1g/ l) dur i ng bot h s ampl ing period s. 

In July, unit processes did not 
effectively reduce inst-TTHM formation. 
Term-TTHM formation was reduced slightly 
02 ).l gil) by rapid sand filtration and 
in the clearwell, but the effluent 
concentration (28 ).lg/l) was less than 
the concentration in the storage 
reservoir (54 )lg/l). In September, 
inst-TTHM formation was apparently 



reduced by the sedimentation and fil­
traton processes. Term-TTHM (and 
inst-TTHM) formation was initiated by 
chlorination at rapid mix (as in June), 
and treatment processes had little or no 
effect on the reduc tion of this forma­
tion. Once again, the storage reservoir 
term-TTHM concentration (47 ]l gil) was 
greater than the treatment plant 
effluent concentration (36 ]l g/l), and 
the effluent concentration in September 
was more representative of TTHM forma­
tion potential than in June. The 
difference in term-TTHM concentrations 
bet we en the e f flu en tan d res e rv 0 i r , 
however, could have been partly depen­
dent on time of sampling; the storage 
reservoir was sampled about 1 hr be­
fore the treatment pI ant effluent was 
sampled. 

Little Cottonwood Creek 

The Little Cottonwood water treat­
ment pI ant's design treatment capacity 
is 100 mgd (38 x 104 m3 /d). The a­
mount of water being treated on June 
30,1981, was 115 mgd (43 x 104 m3 /d), 
15 percent greater than rated capacity. 
Deer Creek Reservoir water accounted for 
64 percent of the influent water, and 
the remaining 36 percent was from Little 
Cottonwood Creek. Post chlorination at 
the fil ter influents, after sedimenta­
tion, 1.S the standard practice (see 
Figure 3). Chlorine addition will also 
occur at premix (up to about 1.0 mg/l) 
in combination with activated silica and 
lime. Aluminum suI fate (alum) is added 
just before coagulation at the rapid 
mix. On June 30 a 1.1 mg/l post chlo­
rination dose was being used, and 
potassium permanganate (KMn04) was 
added at the raw water influent. The 
influent water temperature (measured 
from a sampl ing tap line) was 20°C for 
bot h sou r c e s • Wa t e r t em per a t u r e 
decreased to 12°C after permanganate 
addition and then increased to 19°C 
through sedimentation (the sedimentation 
basins are not covered). The effluent 
temperature was lS.SoC. The influent pH 
was 7.8. Chemical addition at premix 
decreased the pH temporarily to 7.5 and 
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sedimentation raised it to 8.1. The 
effluent pH was 8.0. 

The influent organic precur sor 
concentration (as TOC) from Deer 
Creek Reservoir (2.7 mg/1) was greater 
t han for Lit t 1 e Cot ton wo 0 d C r e e k 
« 0.5 mg/l). These precursor sources 
remained fairly constant during sam­
pI ing. The premix and floccul at ion 
proce s se sine reased t he com bi ned 
concentration of organic precursor to 
2.5 mg/l, presumably from chemical 
addition, but sedimentation effectively 
removed organic precursor by as much as 
I mg/l (Figure 36). Rapid sand filtra­
tion provided some addi tional removal. 
Some floc carryover from less effect ive 
sedimentation may occur at hydraulic 
flows greater than 100 mgd (38 x 104 

m3 /d) (Little Cottonwood plant personnel 
1983), but the precursor removal data 
did not indicate that this was happen­
ing. The effluent organic precursor 
concentration was 1.4 mg/l, 30 percent 
less than the combined influent concen­
tration. 

The Deer Creek Reservoir influent 
produced 29 ]lg/l of inst-TTHMs because 
of aqueduct chlorination (0.5 mg/l 
chlorine). Little Cottonwood Creek had 
no inst-TTHMs. EVen with chlorine 
addi don at premix, inst-TTHM formation 
did not· 1.ncrease until sedimentation, 
al though the organic precursor concen­
tration decreased through sedimentation. 
The inst-TTHM concentration at the end 
of sedimentation was 32 Ug/l. The 
temperature increase through sedimenta­
tion, possibly some related algal 
growth, and increased contact time, may 
have promoted the add it ional TTHM 
formation. A free chlorine demand was 
exerted through sedimentation. The 
effectiveness of filtration in removing 
some inst-TTHMs after chlorination is 
uncertain because the grab sampl es did 
not contain chlorine concentrations 
representative of the dose (poor dosage 
control has been reported by pI ant 
personnel 1983) to allow a valid 
compar i son. 
Inst-TTHMs 

Some precur sor was removed. 
increased with chlorine 



concent ration and contact time in the 
c1earwell to 35 ]1g/l (a composite sample 
of all filter effluents). 

Term-TTHMs increased after premix, 
with the chlorine addition, to 49 ]1g/l. 
The term-TTHM concentration measured at 
the influent to flocculation was unex­
pectedly low as precursor and free 
residual chlorine concentrations at 
flocculation were similar to after 
premix, and these two sampl ing sites 
were very close to each other. The 
term-TTHM concentration (18 ]1g/l) 
measured at the end of sedimentation, 
which was less than the inst-TTHM 
concentration at the end of sedimenta­
tion, was probably the result of the 
very low free chlorine concentra­
tion (0.05 mg/I) and degradation of the 
sampl e be fore measurement. TTHM forma­
tion after chlorination at filtration 
was apparently 1 imited by the free 
chlorine concentration (0.10 mg/l at the 
filter influent and effluent). Term­
TTHMs (66 ]1 g/ I) were higher at the 33rd 
South storage reservoir for the Little 
Cottonwood pI ant than in the finished 
water effluent (39 ]1g/l), but inst-TTHMs 
we re equa 1 to c oncent r a ti ons 1.n the 
pI ant e ffl uent. The reservoir sampl e 
was obtained before the effluent sample 
and may not have accurately represented 
the nature of the finished water. 

Dur ing sampl ing on September 24, 
1981, the flow through the treatment 
pI an t wa s 66.5 mgd (2 5 x 104 m3 / d) 
of which 80 percent was from Deer 
Creek Reservoir and 20 percent from 
Little Cottonwood Creek. The post 
chlorination dose at the filters was 
reported to be 1.0 mg/l. Influent 
water temperatures (measured at sampling 
tap 1 i n e s ) we reb 0 t h abo u t 2 2 ° C . 
After potassium permanganate addition, 
the influent water temperature was 19°C, 
where it remained during most of treat­
ment. The influent pH of 7.5 increased 
to 9.2 after premix (lime addition) and 
then reduced during treatment to 7.8 at 
the effluent. 

The combined average influent 
organic precursor concentration was 3.1 
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mg /1 (predominant 1 y from Deer Creek 
Reservoir). The hourly measurements of 
influent organic precursor concentration 
from Deer Creek Reservoir fluctuated 
between 3.3 and 4.0 mg/l, and this could 
have been responsible for some concen­
tration variabil ity measured during the 
treatment processes. The flocculation 
process decreased the precursor concen­
tration to 2.6 mg/l (Figure 37), accord­
ing to the data, whereas in June precur­
sor concentration increased through 
floccul ation. The coagul ation process 
in September was apparently removing 
some of the organic precursor concen­
tration. The detention time in the. 
flocculation basin was approximate­
ly 25 minutes longer in September than 
in June and this may have enhanced 
precursor removal. Sedimentation 
provided further removal (down to 2.0 
mg/I). Rapid sand filtration had little 
effect on the measured precursor con­
centration. The treatment processes 
were effective in removing 32 percent of 
the influent organic precursor concen­
tration. 

The influent TTHM concentrations 
from Deer Creek Reservoir were 2 llg/l or 
less in the presence of a free chlorine 
residual (0.10 mg/ I) • TTHM concentra­
tions remained very low through sedi­
mentation even though a free chlorine 
residual was present (up ,to 0.90 mg/I) 
from chlorination at premix. Precursor 
concentrations were adequate for TTHM 
formation, and the pH (9.2 after rapid 
mix) favored maximum TTHM formation. 
After chlorination at filtration, the 
free chlorine residual was 2.80 mg/l 
and TTHM formation increased substan­
tially (the reported chlorine dose 
of 1.0 mg/l was questionable because the 
measured residuals were so high). 
Term-TTHMs reached 87 ]1 g/ 1 after chlo­
rination. The greater chlorine concen­
tration was seemingly necessary to 
initiate significant TTHM formation. 
Both inst-TTHM and term-TTHM concen­
trations decreased through the clear­
well, as did the free available chlorine 
concentration (to 1.50 mg/I). Effluent 
inst-TTHM and term-TTHM concentrations 



we r e 2 3 and 2 5 lJ g / 1, res pe c t i vel y • 
Ox ida t ion pro c e sse san d mix i n g 0 f 
effluent from different filters, with 
varying chlorine doses, probably 
resulted in the lower TTHM formation in 
the finished wa ter. The term-TTHM 
concentration in the finished water was 
unexpectedly low, although TTHM forma­
tion potential (term-TTHM less inst­
TTHM) prior to post chlorination was 
very low also. Either the sample 
measurement was in error, or the low 
formation potential was due to the 
nature of the organic precursor. The 
September sampling was during the period 
of maximum algal biomass for the year in 
Deer Creek Reservoir (Little Cottonv.uod 
pl ant personnel 1983). The potential 
for TTHM formation was qui te high, 
compared to other treatment plant data, 
but actual formation only occurs with 
a greater than normal free chlorine 
concentration. The influent precursor 
concentration from Deer Creek Reservoir 
C3.4 mg/l) was greater than any other 
measured dur ing June/ Jul y or September 
sampl ing dates. It was not possib Ie to 
sample the storage reservoir on Septem­
ber 24 (no access) to determine the 
levels of TTHMs after water treatment. 

Summary 

The Deer Creek Reservoir water 
contributed the majority of the influent 
organic precursor concentration during 
June and September. Sedimentation 
provided the primary removal of organic 
precursor. Overall precursor removal 
was 30 percent on June 30, and 32 
percent on September 23, 1981. The Deer 
Creek Reservoir influent contained 29 
)Jg/l of inst-TTHMs in June. This inst­
TTHM concentration increased after 
sedimentation in the presence of greater 
pH and temperature and an available free 
chlorine residual. The effluent inst­
TTHM concentration (35 )Jg/l) was only 
slightly greater than the Deer Creek 
Reservoir influent concentration (29 
)Jg/l). Term-TTHMs on June 30 fluctuated 
with chlorine dose and treatment process 
and formation was apparently limited 
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by the free available chlorine concen­
tration. It was not possible to 
show an effect 0 f treatment process on 
term-TTHM formation, except for an 
increase of the finished water term-TTHM 
concentration to 66 lJg/l at the storage 
reservoir. A treated water flow greater 
than the design plant capacity may have 
caused some short circult~ng and floc 
carryover in the flocculation and 
sedimentat ion processes and contributed 
to the widely fluctuating term-TTHM 
cone ent ra t ions. 

On S e p t em b e r 24; 1981, the Dee r 
Creek Reservoir influent did not 
contribute substantial TTHM concentra­
tions even though its precursor concen­
tration was high (3.4 mg/l). Signifi­
cant TTHM formation did not occur until 
post chlorination at filtration, but a 
free chlorine residual had been present 
and a high pH (up to 9.2) favored TTHM 
formation. TTHM formation and formation 
potential were high (inst-TTHMs of 
44 lJg/l and term-TTHMs of 87 lJg/l) after 
chlorination, but finished water con­
centrations after the clearwell were 
lower wi th almost no formation poten­
tial. Either the sample measurement was 
in error, or the low format ion potent ial 
was due to the nature of the organic 
precursor. Data were not available from 
the storage reservoir to compare 
to finished water values. 

Unit Processes Discussion 

The" original intention was to study 
TTHM formation during the water treat­
ment processes during spring runoff, 
when TTHM precursor loads to the pI ants 
were anticipated to be at their highest, 
and in the late summer when recreational 
activities on the watersheds and reser­
voir algal blooms have the greatest 
impacts. The unit processes were firs t 
monitored about the first of July, 
after the May spring runoff peak. Thus 
the TTHM formation and concentrations 
may have been different than those 
during the peak spring runoff. The unit 
processes were evaluated again in late 
September at a time of high algal 
biomass in the Deer Creek Reservoir. 



Two factors hindered evaluation of 
unit process performance on organic 
precursor removal and TTHM formation: 
1) the one time grab samples give no 
information on variability, and 2) the 
lack of a maximum TTHM formation poten­
tial measurement (MTP) did not allow the 
precursor demand for chlorine to be 
exhausted for process comparison of TTHM 
formation reduc tion. Sampl ing the unit 
processes on a schedule matching hy­
draulic detention time (as closely as 
possible), reduced the effect of fluc­
tuating influent precursor concentra­
tion, but short circuiting and 1ncom­
plete mixing meant that it was not 
eliminated. 

At all the water treatment plants, 
the unit processes reduced the' influent 
organic precursor concentration (as TOC) 
by about 30 percent. Inst-TTHM concen­
trations usually increased wi th process 
time and appeared to be dependent on the 
magnitude of the chlorine dose and 
precursor concentration. The larger 
increases of inst-TTHM concentrations 
were during flocculation and sedimenta­
tion processes with their longer de­
tention times. The Big Cottonwood water 
treatment plant had the lowest levels of 
inst-TTHM formation and precursor 
concentrations (and chlorine doses) 
dur ing both sampl ing periods, even 
though some organic matter resuspension 
apparently occurred in the sedimentation 
process as a result of short hydraulic 
detention times. This plant used 
only stream water. The plants treating 
reservoir water, Parleys and Little 
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Cottonwood, produced higher in5t-TTHMs 
during water treatment, and overall 
higher TTHMs at the distribution storage 
reservoirs. These pl ants had 51 ightly 
higher water temperatures in September. 
Rapid sand filtration was successful at 
either reduc ing or prevent ing inst-TTHM 
formation. Finished water (after the 
clearwell) TTHM concentrations (mostly 
term-TTHM) were frequently 1 ess than 
during treatment, but the finished 
samples were a composite of all filter 
effluents, whereas pr ior sampl es were 
from an individual treatment train. 
This could indicate differential filter 
performance for removing organic precur-­
sors. 

At the Big Cot ton wo 0 d t rea tm e n t 
plant, on July 1, the organic precursor 
concentration apparently limited TTHM 
formation after the flocculation pro­
cess. There was no evidence, based on 
inst-TTHM and term-TTHM formation at the 
storage reservoirs, that the precursor 
concentration was limiting TTHM forma­
tion after treatment at any other 
time for all treatment plants. The 
amount (and nature) of organic precursor 
seemed to be the key factor for TTHM 
formation after water treatment, pro­
vided an available free chlorine re­
sidual existed, which was always the 
case. The higher chlorination doses 
tended to increase levels of TTHM 
formation during treatment. Lower doses 
might slow TTHM formation, thereby 
decreasing inst-TTHM concentrations 1n 
the treatment plant effluents. 



CONCLUSIONS 

Watersheds 

1. The mean organic precursor load 
during May (spring runoff) for the three 
primary watersheds (Parleys Canyon, Big 
Cottonwood, Little Cottonwood) was 
approximately 18 times greater than 
during other seasons. The greater 
precursor loading resulted from both a 
greater precursor concentration and 
streamflow quantity. The mean concen­
tration of organic precursor (total 
organic carbon, TOC) measured during the 
spring was 3.4 mg/l, values for the 
other seasons ranged from 0.9 to 1.4 
mg/l. 

2. Instream precursor concentra-
tions ranged from less than 0.5 mg/l to 
7.0 mg/l at stations sampled on a 
regul ar b as is. 

3. Little Cottonwood and City 
Creeks had lower average organic 
precursor concentrations (1.1 and 1.3 
mg/l, respectively) than Big Cottonwood, 
Parleys Canyon, and Red Butte Creeks 
(2.0, 2.0, and 2.1 mg/l, respectively). 

4. Precursor concentration was 
determined to be significant ly great­
er dur ing August at stream station B4 
(Big Cottonwood Creek downstream from 
Brighton) than stations Bl and B2, which 
were farther downstream. The north fork 
of Lambs Creek in Parleys Canyon water­
shed was a significant contributor to 
precursor concentration and loading 
during August also. 

5. Satisfactory correlations 
between organic precursor concentration 
as total organic carbon and maximum 
total trihalomethanes (MTP test) were 
determined for Big Cottowood Creek 
waters and Parleys Canyon waters. 
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6. Stream discharge versus organic 
precursor concentration correlations 
produced a strong linear relationship 
(maximum r2 = 92 percent at a = 0.005). 
Average stream discharge was 76 percent 
of normal. 

7. Organic precursor loading 
derived from snowmelt runoff was 
calculated to be no more than 3 percent 
of the instream loading for the time 
period. Loading from rainfall runoff 
was calculated to be 30 to 100 percent 
of comparable instream loading for the 
time period in Big Cottonwood and Lambs 
Creeks, respectively. 

8. Surface runoff did not occur at 
enough times and places to examine any 
differences in potential organic pre­
cursor input to stream systems among 
surface runoff sources. Only on dis­
turbed areas (roads, etc.) or during 
intense rain events did appreciable 
surface runoff occur. 

9. Total trihalomethanes (MTP 
test) from stream sampl ing had greater 
concentrations during high streamflow 
from precipitation events. 

10. Data from Mountain Dell Reser­
voir, its source streams and the Parleys 
wa ter treatment pl ant suggest that the 
impoundment of sur face water suppl ies 
increases the organic precursor concen­
tration and TTHM formation potential. 

11. Both leaf litter and surface 
soils were shown to be potentially 
signific ant sources 0 f total trihalo­
methane (TTHM) production through 
leaching analysis. Organic precursor 
and TTHM mass concentrations (g per 100 
g sample) for leaf litter were approxi­
mately 19 times those for soils. The 



TTHM formation potential (determined 
here as the ratio of TTHM concentration 
to precursor concentration) for both 
sampl e type s was simi lar. Chloroform 
(CHC13) was by far the dominant THM 
species produced from chlorination of 
leaf and soil leachate. 

12. Deciduous vegetation produces 
greater mass concentrations of organic 
precursor and TTHM than does coniferous 
vegetation. 

Water Treatment and 
Distribution 

1. TTHM formation at the City 
Creek, Big and Little Cottonwood water 
treatment plants was greatest during 
March to June and September to October. 
The greater TTHM concentrations in the 
spring correspond to greater organic 
precur sor concent rations ~n the wa ter­
shed r uno f f . Organ ic pr ecur sor pro­
duction from intense rainfall events, 
reservo~r turnover, algal blooms, and 
leaf-fall are possible explanations 
for greater TTHMs in the fall. 

2. Instantaneous-TTHM and ter-
minal-TTHM formation was greatest at the 
Little Cottonwood water treatment 
plant, but even there amounts did not 
exceed the USEPA maximum contaminant 
level (MCL) of 100 ~g/l for inst-TTHMs. 
The Deer Creek Reservoir influent water 
to the plant had more available organic 
precursor and appeared to be the primary 
cause of increased TTHM formation. 

3. Influent organ~c precursor 
concentrations correlated poorly with 
effluent TTHM levels at the water 
treatment plants, but there was a trend 
toward greater TTHM concentrations with 
increasing precursor levels. 

4. The groundwater and reservoir 
water sources sampled contained greater 
percentages at the brominated THM 
spec~es (CHCIBr2, CHC12Br) than did 
the s t ream sou r c e s , but chI 0 r 0 form 
(CHC13) was the dominant THM species 
overall. 
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5. The water treatment plants that 
use stream water only, City Creek and 
Big Cottonwood, produced the lowest mean 
yearly inst-TTHM concentrations, 11 ~g/l 
and 12 ~g/l, respectively. Plants 
utilizing reservoir source water, 
Parleys and Li tt Ie Cottonwood, produc ed 
mean yearly ins t-TTHMs of 32 ~g/ 1 and 
2 8 ~g / 1, res p e c t i vel y (p a r 1 e y shad 
some missing data during winter months). 
Influent organic precursor concentra­
tions were consistently greater at the 
Parleys and Little Cottonwood plants. 

6. 
recorded 
1980 at 

The maximum term-TTHM value 
was 107 ~g/l during September 
the Lit tIe Cot ton wo 0 d wa t e r 

treatment plant. 

7. Inst-TTHMs at all distribution 
stations (not including water treatment 
plants) averaged less than 40 ~g/l for 
the year (1981). The lowest mean 
inst-TTHM concent ration (4 ~g/ 1) occur­
red at a station receiving exclusively 
spring water (2727 E. Kentucky, station 
9). Greatest concentrations were found 
at 1?tations supplied by the Little 
Cotto~wood water treatment plant. 
Mixing and dilution of municipal waters 
within the distribution system hindered 
comparisons of water source and distri­
bution station data. 

8. The greatest single distribu-
tion system inst-TTHM concentration 
found during 1981 was 64 ~g/l at station 
5 (8644 S. 3500 E.) in October. This 
was primarily Little Cottonwood treat­
ment plant water. 

9. Groundwater samples produced 
TTHM (MTP test) concentrations well 
below mean MTP-TTlli'1 concentrations for 
stream and reservoir waters. The 
maximum TTHM concentration from the 
groundwater samples was 19 ~g/l. 

Unit Process Analysis 

1. The water treatment plants 
reduced the influent organic precursor 
con c en t rat ion (a s T OC ) by abo u t 30 
percent. Rapid sand filtration provided 



the greatest precursor removal at the 
Big Cottonwood plant. Sedimentation was 
most effective at the Little Cottonwood 
pl ant. 

2. Inst-TTHM concentrations usually 
increased with process time, with the 
most pronounced increases during the 
longer detention times for flocculation 
and sedimentation. Rapid sand filtra­
tion was the most successful process at 
reduc ing inst-TTHM concentrat ions. 

3. The Parleys and Little Cotton­
wood plants produced higher inst-TTHMs 
during water treatment and overall 
higher TTHMs at the distribution storage 
reservoirs. 

4. Based on organic precursor data 
and personal communications, some 
organic matter resuspension apparently 
occurred in the Big Cottonwood plant's 
sedimentation process as a result of 
short hydraulic detention times. 
Measured precursor concentrations 
increased through the sedimentation 
basin. 

5. The amount (and nature) of 
organic precur sor seemed to be the key 
factor for TTHM formation after water 
treatment, provided an available free 
chlorine residual existed, as it always 
did in this study. The higher chlori­
nation doses tended to increase levels 
of TTHM formation during treatment. 
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RECOMMENDATIONS 

Immediate Recommendations 

This study, and previous work 
(Peters et al. 1981), found that neither 
water treatment plant effluent nor 
selected distribution site tap water 
instantaneous total trihalomethanes 
exceeded the USEPA and Utah State 
proposed maximum contaminant level (MCL) 
of 100 llg/l. Only terminal (7-day) 
to tal t r iha lomethanes at the Li tt 1 e 
Cottonwood water treatment plant were 
occasionally equal to or greater than 
100 l1g/l. Therefore, total trihalo­
methane (TTHM) formation in Salt Lake 
County water supplies is not a major 
problem, but it is one that should be 
watched in water supplies drawn from 
surface reservoirs. 

The fo llowing recommendations for 
source control and greater treatment 
plant e iency are made to min1m1ze 
THM production and distribution to the 
consumer. 

1. Disturbances of the soil 
surface in the stream riparian region 
should be minimized to reduce the influx 
of precursor materials (suspended 
solids) during rainfall or snowmelt 
events. Existing disturbed areas, such 
as along the north fork of Lambs Creek, 
should be evaluated for possible re­
habilitation. Specific control methods 
include creating buffer strips between 
picnic, cabin, and turn-out/parking 
areas and the streams and stabilizing 
road-bank erOS10n. 

2. Direct surface runoff from 
roads into stream channels should be 
controlled to reduce the influx of 
suspended so lids. Runoff should ini­
tially be directed away from the stream 

channel and spread out over the 1 and 
surface to reduce water velocity and 
consequent erosion and gullying, permit 
deposition of the wash load, and promote 
infiltration. Road drainage patterns 
are largely determined at the time of 
construction, and practices protecting 
drinking water safety are best imple-' 
mented at that time. 

3. During significant storm runoff 
events, the flows through plants treat­
ing stream water (Ci ty Creek and Big 
Cotton~od Creek) should be reduced to 
allow adequate detention time for 
effective sedimentation and removal of 
suspended solids and organics, thus 
minimizing additional trihalomethane 
fonnation potential. If necessary, the 
demand for finished water could tempor­
arily be shifted to plants treating 
reserV01r. Alum dosages could be 
altered to improve organics removal. 

4. A management pl an should be 
developed for Deer Creek Reservoir to 
reduce the concentration of organic 
precursors prior to chlorination. 
Possible elements include reducing 
nutrient input from upstream sources and 
improving the reservoir water quality. 
The use of copper sulfate to control 
algal growth should be considered a 
short-term solut ion on a reservoir as 
large as Deer Creek. 

5. The TTHM concentrations from 
the Little Cottonwood water treatment 
plant during problem periods could be 
reduc ed by blend ing the finished water 
with other treated water or groundwater. 

6. Chlorine doses at all treatment 
plants should be kept to the minimum 
necessary to meet state regulations. 
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This may slow the rate of TTHM formation 
and reduce the quantity of TTHMs by 
making less free chlorine available for 
oxidation of organic precursors. 

7. The water treatment plants 
should be operated for greater turbidity 
and organics removal. For more effec­
tive coagulation/ flocculation, sedi­
mentation, and filtration, hydraulic 
fl ows t hro ugh the t rea tment pI ant s 
should be kept within design capacities. 
Optimum coagulation during different 
seasons can be evaluated with jar 
tests (and settling tests) and followed 
with a full-scale study using one 
treatment train and analyzing for TTHMs. 
This is most critical at plants treating 
reservoir water. It may not be possible 
to economically achieve effluent TOC 
levels much below 2 mg/1 (Kavanaugh 
1978) . 

Additional Guidelines 

Addi tional recommendations reI ated 
to water treatment plant operation 
are: 

1. Chlorination of the Deer Creek 
Reservoir aqueduct raw water to the 
Little Cottonwood utility could be 
discont inued for short periods 0 f time 
(specifically during late summer and 
early fall), on an experimental basis, 
to determine the effect on TTHM forma­
tion in the plant effluent. Minimal 
chlorination prior to flocculation/sedi­
mentation may help to reduce final TTHM 
concentrations. The results of this 
invest ation could help to determine 
the benefit of using an alternative 
disinfectant (non-haloform forming) or 
oxidant to control biological growth 
and taste and odor in the aqueduct. 

2. Additional strategies for 
reducing TTHMs at the Little Cotton­
wood treatment plant include: 

a. Air stripping of halogen-
ated organics (TTHMs) from the Deer 
Creek Reservoir aqueduct water 
during critical periods by using 

existing aeration equipment at the 
headworks. This could potential­
ly reduce TTHMs while controlling 
taste and odor problems and pre­
clude the use of potassium per­
manganate (K}ln04) at these times. 

b. Powdered activated carbon 
could be added at the aeration 
basin intakes (in lieu of air 
stripping) during problem periods 
to reduce available precursor 
concentration and thus TTHM 
formation. 

3. Chemical methods for improved 
coagul ation and sedimentation could be 
investigated; Alum (aluminum suI fate) 
doses higher than those normally used 
for turbidity removal, and pH reduction 
to near 5.0 in the rapid mix, may be 
needed to obtain the best organics 
removal (Semmens and Field 1980; Singer 
et a1. 1982). The effluent pH would 
have to be adjusted. Activated silica 
used alone or in conjunction with an 
alum dose 0 f 80 mg/l has been shown to 
reduce TTHM formation potential (Batche­
lor and Yang 1982). Also, the use of 
activated silica prior to alum, during 
periods of high turbidity caused by 
precipitation events, could enhance 
flocculation and the removal of in­
creased turbidity and organics. Two 
other possibilities for improving 
organics removal are lime-soda soften­
ing, which is most effective with 
increased pH and decreased concentra­
tions of TOe (Randtke et a1. 1982), 
and alkaline polyaluminum chloride 
(APAC), which is reported to have 
several advantages over alum and can 
also be used as a flocculant aid 
(Knoppert et al. 1980). 

4. Copper sulfate has apparently 
reduced algal growth, and thus precursor 
concentrations and TTHM formation, in 
the Mountain Dell Reservoir. Further 
study could develop more effective 
dosages and application procedures 
(Hansonet al. 1983). 
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5. Pre and post chlorination 
practices have been investigated 
at the Parleys water treatment plant 
(Peters et al. 1981) and elsewhere. 
Some studies have concluded that post 
chlorination results in lower TTHM 
concentrations in the finished water 
than does prechlorination. Frequentl y, 
inst-TTHMs were measured without 
considering ultimate TTHM formation, 
which is a more appropriate comparison, 
thus making the validity of these 
results questionable. Peters found 
ul t imate TTHM formation to be about the 
same for both processes, and term-TTHMs 
for post chlorination to be consistent­
ly greater than for prechlorination. 
Therefore, considering known TTHM levels 
at the three conventional water treat­
ment plants (City Creek, Parleys, Big 
Cottonwood), changing to post chlorina­
tion should not be considered at this 
time. The Little Cottonwood plant 
should continue its post chlorination 
pract ice while seeking to minimize 
overall chlorine dosages. 

6. In t he event that TTHM forma-
tion becomes a significant problem at 
the Little Cottonwood water treatment 
plant, an alternative approach to 
disinfection would be to use chlorine 
dioxide (Cl02)' Cl02 has been proven 
as a good disinfectant. Existing 
chlorine sources could be used to 
generate Cl02, and the required USEPA 
maximum total effluent residual concen­
tration of 0.5 mg/l would probably be 
reasonably attainable when treating the 
relatively high quality Salt Lake County 
drinking waters. 

Monitoring Procedures 

Watersheds 

Watershed monitoring should be 
conducted monthly from early spring 
through late fall to continue evaluation 
of TTHM precursor loading. The basic 
sampl ing should monitor normal flow 
conditions, and supplemental sampling 
should cover major preclpl.tation events 
one week-day and one weekend day to 
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assess canyon usage patterns, and 
composite sampling, during daylight 
hours. Mechanical or grab techniques 
can be used to take water from streams 
where good mixing occurs. 

For City Creek, the critical 
monitoring stations are instream 
at the treatment plant influent, and the 
finished water effluent. To char­
acterize the organic precursor concen­
tration of the influent water, dissolved 
organic carbon (DOC) should be measured. 
This c an be done by washing and ashing 
standard glass fiber (GF/C) filters 
and filtering an aliquot of sample prior 
to analysis. Organic carbon still 
appears to be the most practical param­
eter for precursor monitoring. UI tra­
violet absorbance could be util ized as 
another surrogate parameter (Singer et 
al. 1982; Shindala and MOwry 1981) to 
back up organic carbon measurements. 
Turbidity and/or total suspended solids 
measurements should also be taken to 
correlate to DOC and streamflow. 
Influent measurements should include 
roc, turbidity or TSS, possibly ultra­
violet absorbance, temperature, and 
str e amfl ow. Ef fl uen t me as ur ement s 
should include these same parameters 
(measure TOC instead of DOC) in addition 
to inst-TTHM and term-TTHM and chlorine 
residuals. The chlorine dose should be 
recorded. 

At Big Cottonwood Creek the criti­
cal monitoring locations are the 
6.1 m (20 ft) Parshall flume upstream 
from the treatment pI ant, the power 
plant effluent (when in use), and 
treatment plant finished water effluent. 
Influent and effluent analyses would be 
the same as for City Creek. 

On Parleys watershed, the mouths of 
Par and Mountain Dell Creeks can be 
sampled (at the existing gaging sta­
tions), along with Parleys treatment 
plant raw and finished water. Analyses 
would be the same as for City Creek. 

Little Cottonwood Creek can be 
monitored 
sion and 

at the Wasatch Resort diver­
the 4.6 m (15 ft) Parshall 



flume, near the lower treatment plant 
intake, when streamflow occurs there. 
Deer Creek Reservoir influent raw water 
and finished water effluent should be 
monitored at the Little Cottonwood 
plant. The Deer Creek Reservoir influ­
ent water is chlorinated and should be 
analyzed for TTHMs. Other analyses 
would be the same as for City Creek. 

Additional locations are the north 
fork of Lambs Creek in Parleys Canyon 
and the Br hton recreational area. 
Potential problem areas should be 
watched by monitoring upstream and 
downstream of the location. 

Deer Creek Reservoir 

Source streams to Deer Creek 
Reservoir need to be monitored to 
assess their impact on reservoir water 
qua 1 i ty and eutrophic at ion prob lems. 
The monitoring should be weekly on a 
year-round basis. Initial results 
can be used to improve the design of the 
monitoring network. Measurements should 
cover the maj or forms of nitrogen and 
phosphorus, temperature, dissolved 
organic carbon, and stream discharge. 
Measured amounts could be correlated to 
algal counts (plankton profiles) 
to help assess the impact of nutrient 
loading on reservoir water quality. 
Finally, s peci fic watershed management 
techniques can be applied to control 
identified problem nutrient loadings. 
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Distribution 

Distribution sites receiving 
finished wa ter from the Little Cotton­
wood water treatment plant should be 
monitored from spring through late 
summer to better evaluate TTHM levels to 
consumers. System design should reflect 
the range of residence times for 
distribution. Groundwater or other 
sources of dilution should be taken 
into consideration when necessary. 

As long as the Salt Lake County 
water distribution system meets USEPA 
TTHM requirements, the monitoring 
may be reduced to a minimum of one 
samp1 e analyzed for TTHMs per quarter 
and taken at a point reflecting the 
maximum residence time of the water in 
the system. A1 ternatively, these sites 
could be samp1 ed monthly, to correlate 
to watershed and treatment plant moni­
toring. Distribution sites should be 
sampled at the same time as water 
treatment pl ants. Potential distr ibu­
tion sites (Table 8) to be monitored 
include station 14 (1855 South In­
dustrial Road 1800 \-lest) station 
15 (145 Wright Brothers Drive, Salt Lake 
International Center, Business), 
and station 7 (3616 Hermes 4135 South), 
all with reportedly longer distribution 
residence times. A distribution site 
characterizing Parleys treated water may 
need to be determined. Analyses should 
include TOC, inst-TTHM, temperature, and 
chlorine residuals. 
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Table A-I. Salt Lake County watersheds sampling station, temperature, stream flow, total organic carbon. 
and mass loading quarterly data, 1980-1981. 

Mean Mass Load 
Station Date Time Temperature Flow Toe Mean TOe Nass Load Mass Load Standard 

(Oe) (cis) (mg/!) (mg/U (kg/d) (kg / d) Deviation 

Ll 5/23/81 10:00 8.0 91.1 5.4 1203.5 
5/24/81 8: 15 7.5 102.0 3.2 798.5 
5/25/81 10:00 8.5 132 .0 1.7 3.4 548.9 850.4 330.3 

L2 11/14/80 9: I 5 2.0 18.9 0.7 32.4 
11/15/80 12:50 2.0 15.3 <0.5 18.7 
11/16/80 10 :00 2.0 17.0 <0.5 <0.6 20.8 24.0 7.4 
2/21/81 6:00 4.0 15.0 <0.5 18.4 
2/22/81 4:00 4.5 15.0 0.7 25.7 
2/23/81 2:40 5.0 14.2 <0.5 <0.6 17.4 20.5 4.6 
5/23/81 10: 15 7.0 116.0 5.0 1419.8 

t--' 5/24/81 8:30 7.0 125.8 2.6 800.2 
t--' 5/25/81 9:40 8.0 152.8 2.0 3.2 747.7 989.0 373.3 
,J:o. 8/12/81 11: 50 12.5 23.6 <0.5 28.9 

8/13/81 10:45 12.5 22.8 <0.5 27.9 
8/14/81 10: 10 II .5 22.4 <0.5 <0.5 27.4 28.1 O.S 

L3 5/23/81 12:00 7.5 44.6 4.2 458;3 
5/24/S1 9:00 7.5 47.5 If .0 464.S 
5/25/S1 9:15 6.0 5S.9 1.9 3.4 273.S 39S.0 10S.5 
8/12/S1 11: 15 10.0 12.4 <0.5 15.2 
S/13/81 10: 15 9.5 10.2 <0.5 12.5 
8/14/S1 10:00 8.5 11.0 <0.5 <0.5 13.5 13.7 1.4 



I-' 
I-' 
U1 

Table A-I. Continued. 

Station 

L4 

L5 

Date Time Temperature 
(OC) 

Flo\~ 

(cfs) 
TOC 

l) 

11 2.0 13.6 2.2 
11/15/80 1:10 2.0 14.1 <0.5 
11/16/80 10:15 2.0 6.4* <0.5 

2/21/81 6:25 3.0 7.0 <0.5 
2/22/81 4:20 5.0 7.0 <0.5 
2/23/81 3:00 6.0 7.0 2.2* 
5/23/81 11:00 7.0 27.8 1.1 
5/24/81 9:15 5.5 33.4 2.1 
5/25/81 9:00 5.5 42.2 1.8 
8/12/81 10:45 10.0 9.5 <0.5 
8/13/81 9:55 9.5 9.5 <0.5 
8/14/81 9:45 8.5 9.5 <0.5 

1l/14/80 
11/15/80 
11/16/80 
2/21/81 
5/23/81 
5/24/81 
5/25/81 
8/12/81 
8/13/81 
8/14/81 

10:00 
1:30 

10:40 
ICED 

11: 30 
9:30 
8: 15 

10:00 
9:30 
9:30 

UP 

0.0 
0.0 
0.0 

5.0 
4.0 
4.0 

10 .0 
9.5 
9.0 

3.2 
3.2 
3.2 

14.6 
14.7 
22.0 

1.4 
1.8 
1.5 

1.3 
<0.5 
<0.5 

1.0 
3.0 
2.2 

<0.5 
<0.5 
0.7 

tionable value. 

Mean TOC 
1) 

<t.0 

<1.0 

1.7 

<0.5 

<0.8 

2.1 

0.6 

Mass Load 
(kg/d) 

73.2 
17. 3 

7.8 
8.6 
8.6 

37 .7 
74.8 

171. 6 
185.8 
11.6 
11.6 
11.6 

10.2 
3.9 
3.9 

35.7 
107.9 
118.4 

1.7 
2.2 
2.6 

Mean 
Mass Load 

(kg/d) 

45.2 

25.7 

144.1 

11.6 

6.0 

87.3 

2.2 

Mass Load 
Standard 
Deviation 

39.6 

15.2 

60.4 

o 

3.6 

45.0 

0.5 



Table A-I. Continued. 

Mean Mass Load 
Station Date Time Temperature Flow TOC Mean TOC Mass Load Mass Load Standard 

(OC) (cfs) (mg/1) (mg/1) (kg/d) (kg/d) Deviatlon 

Bl 11/ 
11/15/80 11: 10 3.0 26.1 <0.5 31.9 
11/16/80 11:00 3.0 27.3 <0.5 <0.5 33.4 33.3 1.35 
2/21/81 3:50 4.0 22.2 2.5 135.8 
2/22/81 1:34 4.0 21.9 1.9 101.8 
2/23/81 11:50 4.0 22.6 0.8 1.7 44.2 94.9 45.9 
5/23/81 1:00 10.0 152.6 2.0 746.7 
5/24/81 11: 15 9.0 147.5 2.8 1010.4 
5/25/81 11 :45 10.0 154.0 2.4 2.4 904.2 887.1 132.7 
8/12/81 2:40 14.0 45.6 <0.5 55.8 
8/13/81 1: 10 13.0 36.5 <0.5 44.7 
8/14/81 11: 40 12.5 34.1 0.7 <0.6 58.4 60.5 24.9 

I-' 
I-' B2 11/14/80 11: 15 3.0 16.0 0.6 23.5 

'" 11/15/80 11: 15 3.0 16.0 <0.5 19.6 
11/16/80 11: 15 3.0 16.0 <0.5 <0.6 19.6 20.9 2.3 
2/21/81 4:05 3.5 11.0 1.8 48.4 
2/22/81 2:00 5.0 11.0 0.9 24.2 
2/23/81 12:20 5.0 11.0 0.6 1.1 16.1 29.6 16.8 
5/23/81 1:30 ·9.0 41.9 3.4 348.5 
5/24/81 11:30 8.0 43.3 3.2 339.0 
5/25/81 11:00 8.5 50.0 2.6 3.1 318.1 335.2 15.6 
8/12/81 2:20 13.5 29.5 0.8 57.7 
8/13/81 12:55 13 .0 23.5 <0.5 28.7 
8/14/81 11:20 12.0 23.5 0.8 0.7 46.0 44.1 14.6 



Table A-I. Continued. 

Mean Mass Load 
Station Date Time Temperature Flow TOC Mean TOC Mass Load Mass Load Standard 

("C) (cfs) (mg/ 1) (mg/ 1) (kg/d) (kg/d) Deviation 

B3 11/14/80 11: 30 3.0 9".1 0.9 20.0 
11/15/80 11: 35 3.0 8.0 <0.5 9.8 
11/16/80 11: 25 3.0 8.6 <0.5 <0.6 10.5 13.4 5.7 
2/21/81 4:40 2.5 8.8 1.3 28.0 
2/22/81 2: 10 4.0 6.8 1.8 29.9 
2/23/81 12:50 5.0 6.7 0.7 1.3 11.5 23.1 10.2 
5/23/81 1 :45 8.0 27.1 5.8 384.5 
5/24/81 11: 00 7.0 30.2 4.0 295.5 
5/25/81 10:45 8.0 31.7 3.6 4.5 279.2 319.7 56.7 
8/12/81 2:00 13.5 23.2 2.0 113.5 
8/13/81 12:30 13 .0 19.0 0.9 41.8 
8/14/81 11:10 12.0 19.0 1.8 1.6 83.7 79.7 36.0 

I-' B4 1l/14/80 12:00 0 0.6 3.4 5.0 I-' 
-J 11/15/80 12:00 0 0.9 2.4 5.3 

ll/16/80 11 :45 0 0.6 2.9 2.9 4.3 4.8 0.5 
2/21/81 5:15 0.5 0.6 2.5 3.7 
2/22/81 2:45 1.0 0.3 3.7 2.7 
2/23/81 1:10 1.0 0.3 2.2 2.8 1.6 2.7 1.0 
5/23/81 2:30 . 8.5 3.2 6.3 49.3 
5/24/81 10:40 5.5 4.5 4.6 50.6 
5/25/81 10:30 7.0 5.3 4.5 5.1 58.3 52.7 4.9 
8/12/81 1: 30 11.0 8.5 2.0 44.6 
8/13/81 12:00 14.0 5.7 2.1 29.3 
8/14/81 10:50 13 .0 5.0 3.3 2.5 48.4 39.8 36.5 



Table A-I. Continued. 

Mean Mass Load 
Station Date Time Temperature Flow Toe Mean TOe Mass Load Mass Load Standard 

Ce) (cfs) (mg/1) (mg/l) (kg/d) (kg/d) Deviation 

PI 1 
11/15/80 10:45 6.1 11.0 1.4 37.7 
11/16/80 2:00 5.5 12.7 0.8 1.2 24.9 40.3 16.8 
2/21/81 OFF-LINE (no samples taken) 
5/23/81 3:30 14.0 1.9 4.3 20.0 20.0 0 
5/24/81 12:30 13.5 0.0 2.4 0.0 
5/25/81 2:30 13.5 0.0 1.7 2.8 0.0 
8/12/81 6:00 18.0 6.8 1.8 29.9 
8/13/81 4: 15 19.0 22.1 1.9 102.7 
8/14/81 2:00 19.5 16.2 1.8 1.8 71.3 58.0 36.5 

P2 11/14/80 4:00 3.0 4.3 0.7 7.4 
t-' 11/15/80 10: 10 3.0 4.3 0.6 6.3 
t-' 11/16/80 1:00 3.0 4.5 0.6 0.6 6.6 6.8 0.54 co 

2/21/81 9:45 0.5 3.2 1.6 12.5 
2/22/81 9:20 0.5 2.9 1.9 13.5 
2/23/81 9:10 0.5 2.9 1.0 1.5 7. 1 11.0 3.32 
5/23/81 4:30 13.0 15.2 6.9 256.6 
5/24/81 3:00 12.5 15.7 5.0 192 .1 
5/25/81 1:50 12.5 15.2 4.1 3.7 152.5 200.4 52.5 
8/12/81 5:15 14.0 3.5 0.7 6.0 
8/13/81 3:35 15.0 2.6 1.2 7.6 
8/14/81 1:30 16.0 2.6 1.0 1.0 6.4 6.7 0.8 

P3 5/23/81 4: 15 14.5 0.3 8.1 8.1 5.9 5.9 



Table A-I. Continued. 

Mean Mass Load 
Station Date Time Temperature Flow TOe Mean TOe Mass Load Mass Load Standard 

(Oe) (ds) (rug/I) (mg/l) (kg/d) (kg/d) Deviation 

P4 
S/2S/81 1:30 11. S 13.6 4.1 4.3 136.4 14S.3 12.S 
8/12/81 5:00 14.0 3.S 0.9 7.7 
8/13/81 3:20 14.0 3.5 0.6 S.l 
8/14/81 12:45 13 .5 3.S 0.7 0.7 6.0 6.3 1.3 

PS 11/14/80 3:30 2.0 0.4 2.1 2.1 
11/1S/80 9:S5 2.0 O. Lj 2.1 2.1 
11/16/80 1:10 2.0 O.LI 1.6 1.9 1.6 1.9 0.3 
2/21/81 10: IS 0.5 0.4 3.3 3.2 
2/22/81 9:40 0.5 O.S 2.9 3.S 

1-' 2/23/81 9:20 1.0 0.4 2.3 2.8 2.3 3.0 0.7 
1-' 5/23/81 S:OO 14.0 2.6 3.9 24.8 
1..0 S/24/81 2:00 7.S 3.0 4.1 30.1 

S/25/81 1: 10 13 .0 3.3 3.8 3.9 30.7 28.S 3.3 
8/12/81 4: IS 17.0 1.0 2.3 S.6 
8/13/81 3:05 16.0 1.0 1.8 4.4 
8/14/81 12:30 16.S 1.0 1.9 2.0 4.6 4.9 0.6 

Po 2/21/81 10:4S 0.5 0.3 3.6 2.6 
2/22/81 10:00 0.5 0.2 3.4 1.7 

23/81 9:40 O.S 0.3 2.3 3.1 1.7 2.0 0.6 



Table A-I. Continued. 

Mean Mass Load 
Station Date Time Temperature Flow Toe Mean TOe Mass Load Mass Load Standard 

(Oe) (cfs) (mg/1) (mg/1) (kg/d) (kg/d) Deviation 

P7 11/14/80 2:00 3.0 3.1 <0.5 3.8 
11/15/80 9:00 3.0 1.7 <0.5 2.1 
11/16/80 1:30 3.0 2.8 <0.5 <0.5 3.4 3.1 0.9 

2/21/81 11: 15 2.5 2.0 2.0 9.8 
2/22/81 10:25 2.0 2.0 1.8 8.8 
2/23/81 10:00 2.5 2.0 1.0 1.6 4.9 7.9 2.6 
5/23/81 6:40 10.5 12.5 3.9 119.3 
5/24/81 1 :45 10.0 13.3 4.0 130.2 
5/25/81 12:50 9.5 12.6 3.8 3.9 117.1 122.2 7.0 
8/12/81 4:00 13.0 4.6 0.8 9.0 
8/13/81 2:55 10.0 4.8 <0.5 5.9 
8/14/81 12:25 12;5 4.8 1.2 0.8 14.1 9.7 4.1 

t-' P8 11/14/80 2:30 2.0 0.5 <0.5 0.6 
tv 11/15/80 9:25 2.0 0.3 0.7 0.5 0 

11/16/80 1:40 2.0 0.4 <0.5 .6 0.5 0.5 0.1 
2/21/81 11:50 2.0 0.4 1.8 1.8 
2/22/81 10:45 2.0 0.3 1.8 1.3 
2/23/81 10: 10 2.5 0.3 0.3 1.3 1.0 1.1 0.8 
5/23/81 5:50 ·9.0 1.6 2.2 8.6 
5/24/81 1:30 8.5 3.7 2.5 22.6 
5/25/81 12:35 9.0 4.1 1.8 2.2 18.1 16.4 7-.2 
8/12/81 2:35 12.5 2.0 <0.5· 2.4 
8/13/81 2:30 10.0 2.3 <0.5 2.8 
8/14/81 12:15 11.0 2.3 <0.5 <0.5 2.8 2.7 0.2 



Table A-I. Continued. 

Mean Mass Load 
Station Date Tillie Temperature Flow Toe Mean TOe Mass Load Mass Load Standard 

("e) (ds) (mg/ I) (mg/l) (kg/d) (kg/d) Deviation 

P9 11/14/80 2 :45 2.0 1.1 <0.5 1.3 
11/15/80 9:40 2.0 0.7 0.8 1.4 
11/16/80 1:50 2.0 0.9 <0.5 <0.6 1.1 1.3 0.2 
2/21/81 12:10 0.5 0.8 3.3 6.5 
2/22/81 10:50 0.5 0.9 2.0 4.4 
2/23/81 10:20 1.0 0.9 1.0 2.1 2.2 4.5 2.1 
5/23/81 5:30 10.0 2.4 6.3 37.0 
5/24/Bl 1: 15 9.5 4.3 5.7 60.0 
5/25/81 12:20 10.0 4.2 4.5 5.5 46.2 47.7 11.6 
8/12/81 3:10 13.0 1.7 1.9 7.9 
8/13/81 2: 10 12.0 1 .. 6 1.9 7.4 

t-' 8/14/Bl 12 :05 12.5 1.6 
N 

2.0 1.9 7.8 7.7 0.3 
t-' 

PI0 5/23/81 6: 15 B.O 0.4 5.2 5.1 
5/24/Bl 12:50 7.5 0.4 4.B 4.7 
5/25/81 12: 10 B.O 0.2 4.4 4.B 2.2 4.0 1.6 

Pll 11/14/BO 4:00 4.5 2.6 0.6 3.B 
11/15/80 10:20 4.5 2.3 1.0 5.6 
11/16/BO 12:30 4.5 2.6 <0.5 0.7 3.2 4.2 1.3 
2/21/81 1: 55 4.0 2.6 ' 1.6 10.2 
2/22/81 11 :40 2.5 2.7 1.5 9.9 
2/23/81 10:50 2.5 2.7 1.4 1.5 9.2 9.9 0.4 
5/23/81 7:30 13.0 26.1 4.B 306.5 
5/24/Bl 3:30 13.0 24.B 4.0 242.7 
5/25/Bl 2:20 12.0 24.B 3.7 4.2 224.5 257.9 43.1 
B/12/Bl 5:55 17.0 1.7 1.8 7.5 
B/13/81 4 :05 16.0 1.7 1.9 7.9 
B/14/81 1:50 22.5* 1..7 1.3 1.7 5.4 6.9 1.3 

*Questionable value. 



Table A-I. Continued. 

Mean Mass Load 
Station Date Time Temperature Flow Toe Hean Toe Mass Load Mass Load Standard 

("e) (ds) (mg/l) (mg/1) (kg/d) (kg/d) Deviation 

P12 11/14/80 4: 15 4.5 1.5 0.5 1.8 
11/15/80 10:30 4.5 1.0 0.5 1.2 
11/16/80 12:40 4.5 0.8 <0.5 <0.5 1.0 1.3 0.4 
2/21/81 2:00 4.0 0.9 1.5 3.3 
2/22/81 11 :50 2.5 0.8 2. I 4.1 
2/23/81 11:00 3.0 O. ", 0.9 1.5 1.5 3.0 1.3 
5/23/81 7: 10 11.0 25.8 4.0 252.5 
5/24/81 3:15 12.0 25.0 3.8 232.4 
5/25/81 2: 10 11.5 22.8 3.2 3.7 178.5 221.1 3R.3 
8/12/81 5:30 17.0 1.9 0.8 3.7 

i-' 8/13/81 3:50 16.0 1.5 0.9 3.3 
N 8/14/81 1:40 17.5 1.5 1.4 1.0 5. 1 4.0 1.0 
N 

Rl 11/15/80 12:00 7.0 1.0 0.8 2.0 
11/16/80 12:00 7.0 1.0 <0.5 <0.6 1.2 1.6 0.5 
5/24/81 5:00 13.0 9.2 2.8 63.0 
5/25/81 4:30 12.5 9.0 3.1 3.0 68.3 65.7 3.8 
8/13/81 5:30 14.5 1.7 2.3 9.6 
8/14/81 2:00 16.5 1.7 2.2 2.3 9.2 9.4 0.3 

R2 11/15/80 12:30 1.5 1.9 0.7 3.3 
11/16/80 12:45 1.5 2.0 <0.5 <0.6 2.5 2.9 0.6 
5/23/81 If :45 15.5 9.6 4.8 112.7 
5/24/81 4: 15 14.0 8.4 4.5 4.65 92.5 102.6 14.3 
8/12/81 7: 15 13.0 1.9 1.2 5.6 
8/13/81 5:30 14.5 1.9 1.7 1.45 7.9 6.8 1.6 



Table A-I. Continued. 
------------

Nean Mass Load 
Station Date Time Temperature Flow TOe Nean Toe Mass Load Hass Load Standard 

(OC) (ds) (mg/l ) (mg/!) (kg/d) (kg/d) Deviation 

R3 1 .6 
11/16/80 12:30 2.0 1.1 <0.5 <0.5 1.4 1.5 0.2 
5/23/81 4: 15 14.0 4.8 4.7 55.2 
5/24/81 4:00 12.0 4.8 4.8 4.8 56.4 55.8 0.85 
8/12/81 6:45 14.0 0.8 <0.5 1.0 
8/13/81 5:00 14.0 0.8 0.8 0.65 1.6 1.3 0.42 

Cl 11/15/80 9:30 2.0 6.8 <0.5 8.3 
11/16/80 10:00 2.0 6.7 <0.5 <0.5 8.2 8.3 0.10 
5/23/81 6:30 11.0 29.9 
5/24/81 6:00 10.5 30.7 3.5 3.5 262.9 262.9 
8/13/81 7:30 12.0 9.5 <0.5 '11.6 

t-' 8/14/81 3:45 13 .5 9.3 <0.5 <0.5 10.2 10 .9 1.0 
N 
w 

(;2 11/15/80 10:00 2.0 2.8 <0.5 3.4 
11/16/80 10: 30 2.0 2.7 <0.5 <0.5 3.3 3.4 0.1 
5/23/81 6:00 9.5 24.6 2.7 162.5 
5/24/81 5:30 9.0 28.8 1.7 2.2 119.8 141.2 30.2 
8/13/81 6:25 11.0 3.9 1.1 10.5 
8/14/81 3:30 13.0 4.0 <0,5 0.8 4.9 7.7 4.0 

~~--------.- ---------



Table A-2. Parleys Canyon watershed temperature, streamflow, total 
organic carbon, and mass loading monthly data, 1980-1981. 

Station Date Temperature Flow TOC Mass Load 
COC) (cfs) (mg/l) (kg/d) 

PI 8/28/80 18.0 31.7 2.4 186.1 
11/08/80 
12/11/80 4.0 14.2 1.9 66.0 
1/ 10/81 2.8 14.5 1.4 49.7 
2/07/81 
3/07/81 
4/04/81 
5/02/81 
7/06/81 13.9 3.1 105.6 

P2 8/28/80 9.0 10.4 2.0 50.9 
11/08/80 7.5 4.3 1.0 10.5 
12/11/80 0.5 3.5 1.0 8.6 
1/ 10/81 0 3.2 0.7 5.5 
2/07/81 0 3.5 0.6 5.1 
3/07/81 2.0 3.0 1.1 7.4 
4/04/81 2.0 4.5 1.3 14.3 
5/02/81 21.2 5.6 290.5 
6/06/81 9.0 13.7 3.8 127.4 
7/06/81 12.0 7.7 3.1 58.4 
8/01/81 10.0 7.5 

p4 8/28/80 9.0 3.7* 0.7 6.3* 
5/02/81 17.2 3.4 143.1 
6/06/81 8.3 21.0* 3.4 174.7 
7/06/81 10.0 17.9* 2.6 113.9 
8/01/81 10.0 5.6 

P5 11/08/80 8.0 0.3 2.6 1.9 
12/11/80 0.4 2.1 2.1 
1/10/81 0 0.6 1.6 2.3 
2/07/81 0 1.8 
3/07/81 2.0 0.2 2.4 1.2 
4/04/81 1.5 1.4 3.1 10.6 
5/02/81 2.2 3.4 18.3 
6/06/81 10 .5 5.7 3.3 46.0 
7/06/81 10 .0 0.8* 3.9 7.6* 
8/01/81 12.0 1.4 

*Questionable value. 
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Table A-2. Continued. 

Station Date Temperature Flow TOC Mass Load 
(OC) (cfs) (mg/1) (kg/d) 

P7 8/28/80 8.0 2.3 1.0 5.6 
11/08/80 6.5 3.2 0.8 6.3 
12/11/80 2.0 2.5 0.5 3.1 
1/10/81 0.5 3.2 <0.5 3.9 
2/07/81 1.0 2.8 <0.5 3.4 
3/07/81 3.0 2.5 1.0 6.1 
4/04/81 1.5 5.8* 1.0 14.2* 
5/02/81 19.2 3.6 159.1 
6/06/81 8.0 14.8* 3.0 108.6* 
7/06/81 10.0 8.2* 2.6 52.2* 
8/01/81 9.0 4.9 

Pll 8/28/80 10.0 2.5 1.1 6.7 
11/08/80 8.0 2.6 1.4 8.9 
12/11/80 0.0 3.2 0.9 7.0 
1/ 10/81 0.0 2.6 0.9 5.7 
2/07/81 1.0 2.1 0.7 3.6 
3/07/81 3.0 3.6 1.0 8.8 
4/04/81 2.5 6.0 1.3 19.1 
5/02/81 12.2 2.9 86.6 
6/06/81 9.5 13.1 2.7 86.5 
7/06/81 13 .0 4.0 2.8 27 .4 
8/01/81 11.0 3.2 

P12 8/28/80 9.0 1.0 1.3 3.2 
11/08/80 8.0 1.5 0.9 3.3 
12/11/80 0.0 0.8 1.4 2.7 
1/10/81 0.0 0.6 <0.5 0.7 
2/07/81 1.0 0.4 0.8 0.8 
3/07/81 2.5 0.8 0.9 1.8 
4/04/81 3.0 1.8 1.3 5.7 
5/02/81 12.3* 2.2 66.2 
6/06/81 8.5 6.3 2.6 40.1 
7/06/81 11.0 4.3* 2.3 24.2* 
8/01/81 10.0 1.4 

*Questionable value. 
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Appendix B 

Salt Lake County Area Water Treatment Plant and 

Distribution Station Monthly Monitoring Data 
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Table 13-1. Salt Lake County area trihalomethanes and total organic 
carbons (when available), 

SEPTEMBER 26, 1980 
TRIHALOMETHANES ,uq/I PPB) OTHER 

I I ~RAMETERS 0 0 
~ 0:: 

~ 0 S (f) 
0:: :::;E W W 

0:: £Il
W 

I 0:: :::;E WZ- .....JZ_ 
tt Oz u W tt FE W 0::' ~a::' 
0 O::<t OZ 0::00\ 00 O"! 
0:: SI ~<t 0 .....J I.J........J E I-.....J E 
S OI :::;E ;:! I I 

SAMPLE 1% II- 0::1- 0 U U THM 
LOCATIONS term I UW £IlW 0:: ~ THM U i5~ o:::;E r.o 

Little Cottonwood Water Treat- % h ~ ~ 
ment Plant 

Deer Creek Influent 54 13 <1 68 
I LltC.l.e \,;ottonwood Water Treatment 

/- / / /- -
Plant 

Little Cot tonwood Creek Influent 

Little Cottonwood Water Treatment % ~ /, /,~ Effluent 88 17 <l 107 

Parleys Water Treatment Plant / / / / / LINE 

City Creek, Big Cottonwood Water X L /- / / Treatment Plant 
Influent 
City Creek Water Treatment Plant 

X. /. Y, ~ ~ Effluent <1 32 

~cottonwOOd Water Treatment % /, ~ <r 14 
Plant 
uent 42 <I <1 47 

3300 South 2475 East y y / 
Salt Lake International /-/-/- <l /-Center -
Salt Palace /- /- / /- /-
Capitol Building y /-/-/-Y 
Salt Lake County Water Cons. /- / /= /-/-District 
60th West Reservoir 
West Jorcan City 

/-/ / /29 
7800 S. 4000 West Reservoir -

Taylorsville District 

-;: 
0 

~ ,U _ 

U,\! , 
CiaO"! 
I-'EE 

:e 
~ 

2.6 

1.9 

1.2 

< O. 5 

< 0.5 

0.9 

1.9 

1.0 

1.4 

1.1 

1.2 

I 0.7 

~ /- / 6200 S. 5600 West Reservoir ~ 
/ ./ 

./ 
/' 

/ / / / / 
/ / / / / 
/ / / / / 
/ / / / / 
/ / / / / 
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Table B-1. Continued. 

OCTOBER 27 1980 I 

TRIHALOMETHANES JJ.Q / I PPB) OTHER 
i I 

• 

I i FARAMETERS 0 0 
~ 0:: c: 
0 g " ~ ~ III W W 

.Q 

0:: ~ a 0:: en w :::c 0:: w~-
.....J Z _ .u _ 

t2 Oz u C2 I W 0:: ....... <to: ....... u.!:! ....... 
0 I-- 0:: 0 0> bO 0> bao> 0 O::<t ~ 0 !..J.......JE E r..:a E 0:: gI .....J I--~ 9 ~~ 

~ ~ :::c '6 SAMPLE 1% II-- 0 U u 
LOCATIONS 

THM I uw 0:: ~ ~ term 
i:5~ en THM U 

Little Cottonwood Water 

I~ Va Y. Y, ~ Treatment Plant 28 <1 37 2.5 
Deer Creek Influent 

Little Cottonwood Water b/ y Y Y y Treat~;;:;-~n~~a~;"pk Infl 1~ Little Cotr. I laen 
Little Cottonwood Water y.; )/;,(/ y, ;;/, ~ Treatment Plant 

68 10 80 0.8 Effluent 
City Creek, Parley and Big Cotton-IY IY y y y <0.5 

wood Water Treatment Plants 1.7 
Influents <0.5 
City Creek Water Treatment 

~ y, ~ y, ~ Plant 
<1 <1 42 0.9 Effluent 

Water Treatment /, ~ Yo ~ y.; 1.2 
~HI"pn" 

38 16 <1 60 

Big Cottonwood Water Treatment X- X ~ /. X Plant 
<1 <1 <0.5 Effluent 

13300 South 2475 East / ;v: ? y / 
Capitol Building y ;/ y y ~ 
Salt Palace y / 7 y ~ 

i Salt Lake International y V y y y 
Center 

Salt Lake Water Cons. District y y y .5/ y 60th West Reservoir 

Taylorsville District y ;/ ;7 y y 6200 So. 5600 West Reser. 

West Jordan City District y ;/ y y y 7800 So. 4000 West Reserv. 

/ / / / / 
/ / / / / 
/ / 7 7 / 
/ 1/ 7 1/ 1/ 
/ 1/ / / / 

\ / / / / / 
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Table B-1. Continued. 

NOVEMBER 27 1980 , 
TRIHALOMETHANES uo/I PPS} OTHER , 

I F1\RAMETERS 0 0 :;E 0:: C 
0 

3 
0 :;E 0:: :;E III W W -e 

0:: :;E wz- ..JZ_ 0 en w J: 0:: .<.l_ 

ft °z uw 0 J: 
W 0::' ;:::0::' U!1, 

OZ lJ.. ~ 0::00'1 QaO! 0 0::<1: :;E<I: 0 ..J lJ....JE 03 ~ I-'c5 E 0:: 3J: oJ: :;E ;:! J: ~J: 
SAMPLE 1% 3 J:~ o::~ 0 U u :E THM uw enw 0:: f2 C LOCATIONS term J: 

THM U 15:;E o:;E en 
Lit~le Cot~onwood Water Y b/ ~ IY IY Treatment Plant <iJ.5 
Little Cot~onwood Creek Influent 

Little Cot~onwood Wa~er 

~ ~ y; ~ y,; Treatment Plant 39 11 <1 52 l.8 
Deer Creek Inf1 ''''n~ 
Little Cottonwood Water 

~ y. y. ~ ~ Treatment Plant 39 <1 48 <0.5 
Effluent 
Parleys, Big Cottonwood and City Y y Y y Y l.0 

Creek Water Trea~ment Plants 
<n~" Influen~ 

Parleys Water Treatment I/< X, Y, y y; 28 45 <0.5 
Plant Bfn ""nt 
Big Cottonwood Water 

.~ y, ~ /< y,: Treatment Plan~ <1 <1 <0.5 
Effluent 

City Creek Water Treatment Plant y,; /, ~ ~ y,: 
Effluent <1 <1 0.8 

Salt Palace y y / Y Y 
Capitol Building y / Y y y 
Salt Lake Interna~iona1 y y y /- Y Center 

3300 S. and 2575 E. Y iY Y y Iy 
Salt Lake Water Cons • y 47 y y . Dis trict, 60 W. Reservoir 

Taylorsville y y - y y 
Wes~ Jordon Ci~y y / Y / :/ 4000 W. 7800 S. Res. 

I ./ / 7 7 / 
! / / 7 / / 

/ / 7 7 / 
/ / 7 7 / 
/ / 7 / / 
/ / / 7 / I I 

130 



Table B-1. Continued. 

DECEMBER 31 1980 J 

TRIHALOMETHANES ,ug/l ( PPB) OTHER , I F1\RAMETERS 0 0 :2: 0:: "2 
0 S 

0 

:2: 2 Ul w w ..a 
0:: 2 15 0:: row :::r: 0:: wZ- -lZ_ .<.>-

D: uw 0 :::r: w 0::' ~a:' U.I!, Oz 02: LL.. I-- ()50'1 0 o::<! 0:: 0 0'1 ~~ E 0:: S:::r: 2<! 0 -l LL..-lE ~.5E 
S 

o:::r: 2 ~ :::r: -0 SAMPLE 1% II-- 0::1- 0 U U THM uw cgw 0:: (:2 ~ LOCATIONS term I 
THM U 152 02 ro 

Little Cottonwood Water 

~ ~ ~ ~ ~ treatment Plant 
29 10 <1 41 4.4 Dear Creek Influent 

Little Cottonwood Water Treatment y ~ ~ y y; Plant l.8 Little Cottonwood Creek Influent 
Little Cottonwood Water 

~ X, y, ;Y< y,; treatment Plant 
41 <1 55 0.76 1.8 Effluent y y y y y 2.4 Parleys, Big Cottonwood and City 

1.1 Creek Water Treatment Plant 
1.4 Influent 

Parleys Water treatment Plant Yo ~ ~ ~ I~ Effluent 29 <1 46 0.80 1.6 

Big Cottonwood Water Treatment 

~ ~ ~ ~ ~ Plant 
<1 <1 0.80 0.8 Effluent 

City Creek Water treatment 

~ y, ~ ~ y,; <l <1 0.80 0.9 Effluent 

Salt Palace y y y y y 0.10 

3300 S. and 2575 E. Y ~ L Y Y 0.80 

Salt Lake International y / ;/ y y Center 0.45 

Capitol Building y ~ ~ 7 Y 0.40 

/ / ~ / / 
/ / / / / 
/ / / / / 
/ L L / / 
// LL L / ~. 

i 

/ / / / / 
/ / / / / 
/ / L / / 
/ V V / / 
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Table B-1. Continued. 

JANUARY 31, 1981 
TRIHALOMETHANES UQ/l (PPBl OTHER 

I I 

I ~RAMETERS 0 0 
~ 0:: '2 
0 

3 
<> 

~ 0:: ~ W W -e 
0 0:: COw ::r: 0:: wZ- ..Jz_ • L> _ 

E2 Oz uw E2 w 0::' ~O::' U>!, 

0 o::<{ OZ 0::00'1 
03 E daO'l 

0:: 3::r: 
~<{ 0 u....JE I-' a E 

9 o::r: ~ ::r: I-::r: 
SAMPLE 

~ 
::r:1- 0::1- 0 ~ 

u U "0 

LOCATIONS 
THM :c uw cow 0:: ~ term 

a~ i5~ THM U CO 
Lit:tle Cottonwood l<lat:er ';:reatment y y y y~ Plant 1.7 Little Cottonwood Creek Influent 
Little Cottonwood Water Yo / Y, ~ 

Treatment Plant 20 2.7 Deer Creek Influent 

Little Cottonwood l-later Yo Xo Y, <1 
Treatment Plant 40 <1 53 1.9 

_l'ffl, 

Salt Lake Metropolitan y y y y-y, Wa ter Distric t 
33 So. TerminaLJ<.esentoir !IN) 

Salt Lake Metropolitan y / / ;/ Y l-later District 
0.55 33 So. Terminal Reservoir (OUT) 

Parleys / / / / / Off Line 

Big Cottonwood and City Creek / y Y Y Y 0.8 
Water Treat:ment Plants 

1.4 Tnfl "pnr 

Big Cottonwood Water Treatment Yo y, Y, y, ~ Plant <1 d 0.75 0.7 
l'ffl"pnr 

City Creek Water Treatment Plant /. y. ~ ~ ~ Effluent 
<1 <1 0.90 0.9 

1855 Industrial Rd. y / / Y Y (1855 So. near 1800 w.) 
0.45 

2727 E. Kentucky Ave. y y y y y (2727 near 4600 So.) N.D.* 

Salt Lake International ~ ;/ y y y Center 

Ut:ah Capital Building y y y y ;/' 0.50 

2475 E. 3300 So. y y y y~ Libert:y Park y ;/ y y 0.45 

/ / / // 
/ /' / / / 
/ / / / / 
/ / / / / 
/ / / / L 

*N.D.-None Detected 
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Table B-1. Continued. 

FEBRUARY 26, 1981 
TRIHALOMETHANES tlQ / I PPB) OTHER 

I I PARAMETERS 0 0 2 0:: "'2 
0 

3 
0 2 2 <J) w W .t> 0:: 2 a 0:: COw 

il 
0:: w Z_ ..J z _ ·u _ 

f2 f2 I ~O::"- U.~ "-Oz ~ W 0::' ogo> 0 0::« 0 ..J 0::3~ 03 E f-'c5 E 0:: 3:r: 2 IJ...
I ~I 

SAMPLE 1% 3 I~ 0 ~ u u 0 
THM I UW 0:: ~ LOCATIONS term 02 THM U CO 

Little Cottonwood Water 

~ V ~ I~ I~ Treatment Plant <0.5 
Little Cottonwood Creek Influent 

Little Cottonwood Water IX Vw y, /< ~ I n""," ~~::~~~il::::~t 24 <1 37 2.3 

Little Cottonwood Water 

~ X /, ~ A Treatment Plant 45 <1 60 - 0.85 1.6 Ir.-Hl 

Parleys Water Treatment -/ / 7 -/ -/ -Plant (off line) 

City Creek, Big Cottonwood Water 

~ y ~ ~ ~ 2.2 Treatment Plant 0.8 
:nfluent 
City Creek Water Treatment 

~ /. ~ ~ X. I 
Plant <1 <1 0.80 0.90 <0.5 Effluent 

Big Cottonwood Water 

~ /s ~ ~ /< i 
Treatment Plant 31 <1 <1 36 0.65 0.9 Effluent 

Capital Building ;/ y ~ y 7 0.65 0.70 
Bonneville Golf Course y V Y ~ ~ 900 South near 2100 EaSt 0.10 0.15 

3616 East Hermes y y /-' Y y 4135 South ND* 

2727 East Kentucky Ave. 

~ y y /-' 1/ 4600 South 0.10 0.15 

8644 Russell Park Road y y ;7 y y 3500 East 0.90 0.80 

Liberty Park y / 7 y Y 600 East near 1300 South 0.55 0.60 

Salt Lake International y V y ~ y Center 5300 West North ND* Temple 

2475 East 3300 South ;/ y y y 1;/ 0.05 ~ 
1855 South Industrial Rd y Iy y y Iy 1800 West 0.45 0.55 

/ / / / / 
/ / 7 7 / 
/ 1/ / / / 
/ / / / / 

*N.D.-None Detected 
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Table B-l. Continued. 

MARCH 29. 1981 

SAMPLE 
LOCATIONS I%

nst 
THM 

term 
THM 

TRIHALOMETHAi\IES ,ug /1 PPBl 
I o 
~ 
0:: 
COw 
Oz 
o:::<{ SI 
II­
()w 
6::;E 

I 

o 
0::: 

S 
I 
g~ 
::;E<! 
OI 
0:::1-

~~ 

:2: 
0:: 

t2 
o 
:2: o 
0::: 
CO 

Little Cotton>lOod \.Iacer l/hA //1/ 
I ~~ __ ..;:::....:::::Treat:..:::.::=ment p~lant =.:...:.:::=~---,.- - V - - - -
~le Cottonwood Creek Influent 

Little Cottonwood {,ater I~o IY. /<1 /<4 
Treatment Plant 18 4 <1 31 

Deer Creek Influent 
Little Cottonwood Water 

Treatment Plant 
Effluent 
Salt Lake ~fetro Water 

District 
33 South Terminal Reservoir (IN) 
Salt Lake Metro \Vater District 

33 South Terminal 
Reservoir (OUT) 

Parle~~t> TT!JR 

Big Cottonwood and City Creek 
Water Treatment Plant 

Influent 
Big Cottonwood Water Treatment 

Plant 
Effluent 
City Creek Water Treatment 

Plant 
Effluent 

1855 South Industrial Road 
(near 1800 West) 

2727 East Kentucky 
(near 4600 South) 

USc WeSL ''V'La ":WP": .... " ~vv'" 
site was sampled in place of 
Salt Lake International Center* 

Capital Building 

2475 East 3300 South 

13/ 6/ 3/ <1/ 22/ 
/ 41 / 9 / 4 / <1 / 54 

yyyyy 
~------------------~--~~--Y6YY7-Liberty Park 

~------------------~--~ y A;Y7 Bonneville Golf Course 

1--36-1-6-E-a-s-t-4-1-3-5-S-0-u-th------+::;..../-s--_"'" / y / 
8644 South 3500 East y 10 /77 
f--------~/~ / / / 

*It was not possible to sample at the Salt Lake International Center on this date. 
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OTHER I 
R\RAMETERS 

2.50 2.55 

1.10 1.20 

0.80 0.85 

0.75 0.1l0 

0.60 0.70 

0.05 0.05 

0.60 0.65 

0.45 0.60 

0.80 0.85 

0.60 0.65 

0.10 0.10 

<0.05 <0.05 

0.65 0.75 

<0.5 

2.3 

<0.5 

1.3 
T.'"S 

<0.5 

0.6 



Table B-1. Continued. 

APRIL 27, 1981 
TRIHALOMETHANES J.LQ/I PPBl OTHER 

I 
, I ~RAMETERS 0 0 
~ cr: c 

~ 0 g Ul 
0 

cr: ~ w w -e 
.a:: ~ w ~- ...JZ_ 0 en w :r cr: ·u -[t Oz () [t I 

W n::' ~a:' U<,!, 

0 n::<t 0 I-
cr:g~ 09 E o§ 0'1 

cr: 9:r ~ 0 ...J r.5 E 

9 
0 ~ ~ 

ll...:r I-I 
SAMPLE 1% II-

~~ 
0 U U '0 

LOCATIONS 
THM I UW cr: ~ ~ term 

i5~ THM U en 
Little Cottonwood Water Treatment y y ~ ~ ~ Plant 0.8 Little Cottonwood Creek Influent 

Little Cottonwood Water /7< /,1/ Y, y,: Treatment Plant 
Deer Creek Influent 15 <1 24 1.4 

Little Cottonwood Water 

~ X Yo /< ~ Treatmen t Plant 70 <1 85 1.00 1.10 0.9 Effluent 
Salt Lake Hetro Water y / ;/ Y Y District 

I 33 So. Term. Res. (IN) 

33 So. Terminal Reservoir y ~ y y y (OUT) 0.85 0.95 

Parleys Water Treatment y / Y Y Y Plant Influent 2.8 

Parleys Water Treatment ~ ;x: ~ y, Yo Plant Effluent 36 16 <1 56 0.45 0.50 0.7 

Big Cottonwood and City Creek Y y Y Y Y 0.9 Water Treatment Plant 
Influent Q.6 
Big Cottonwood Water y.: y: y. y. y.: Trea tmen t Plant 64 <1 <1 69 0.85 LaO 0.5 Effluent 
City Creek Water Treatment 

/< Yo y: y: ~ Plant 40 <1 <1 46 0.85 0.90 < 0.5 Effluent 

1855 So. Industrial Rd. y Y L y y (near 1800 W.) 0.45 0.50 

2727 E. Kentucky y y y y ;/ I (near 4600 So.) 0.10 0.15 

Express Deli y y Z y Z 145 l,right Brothers Dr. 0.45 0.45 Salt Lake International Center 

Capitol Building y / Y Y ~ 0.65 0.70 

2475 E. 3300 So. y / Y Y Y 0.80 0.95 

Liberty Park Y-y ZYI7 0.60 0.10 

Bonneville Golf Course y / Y ~ ~ 0.45 I 0.55 

3616 E. 4135 So. y y y y y j 0.05 0.05 

8644 So. 3500 E. Y-/ / Y Y 1.50 1.60 

/ / V / / 
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Table B-1. Continued. 

MAY 28, 1981 

SAMPLE 
LOCATIONS I%

·nst 
THM 

term 
THM 

Little Cottonwood Hater Treatment 
Plant 

Little Cottonwood Creek Influent 
Little Cottonwood Water 

Treatment Plant 
Deer Creek Influent 

Little Cottonwood Water 
Treament Plant 

~H' 

Salt Lake Metro Water 
District 33 South 

Terminal Reservoir IN 
Salt Lake Metro Water 

District 33 South 
Terminal Reservoir OUT 

Parleys Water Treatment 
Plant 

Tnfl npnt 

Parleys Water Treatment 
Plant 

Effluent 
Big Cottonwood and City Creek 

Water Treatment Plant 
Influent 
Big Cottonwood Water 

Treatment Plant 
Effluent 
City Creek Water Treatment 

Plant 
Effluent 
1855 So. Industrial Road 

(near 1800 West) 

2727 East Kentucky 
(near 4600 South) 

145 W~!y~tL~~~t¥~~~r~~~~nal 
Center 

Capitol Building 

2475 East 3300 South 

Liberty Park 

Bonneville Golf Course 

3616 East 4135 South 

8644 South 3500 East 

851 East No. Crest Drive 

TRIHALOMETHANES t,LQ/1 PPB) 

~ 
0::: 

fi: o 
0::: 

S 
I 
U 

, 
o 
~ 
0::: 
CD

W Oz 0:::« SI 
If­
UW 
O~ 

I 

~ 
S 
I 
UW 
02 
~« 
OI 
o:::f­
CDW 
i5~ 

~ 
0::: 

fi: 
o 
~ o 
0::: 
CD 

en 
~ 
I 
f-

YIYYYIY 
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OTHER 
R4RAMETERS 

1.20 1.45 

0.50 0.50 

1.10 1.15 

1.00 1.15 

0.40 0.40 

0.10 0.10 

0.40 0.40 

0.60 0.70 

0.65 0.70 

0.45 0.50 

0.45 0.45 

0.06 0.07 

1.00 1.00 

1.00 1.10 

1.9 

1.6 

1.6 

0.9 

1.8 

2.8 
1:9 

0.5 

0.5 



Table B-1. Continued. 

JUNE 23 1981 , 
TRIHALOMETHANES ua/I PPB) OTHER 

I I FP.RAMETERS 0 0 2 0:: '2 
0 

3 
0 

2 :2: til W W -e 0:: :2: 0 0:: COw I 0:: w~- -1Z_ .U -
E2 u w fi: I <to::, u .~ , Oz I- W 0::' da 02 0:: 001 1-0 01 01 0 O::<t :2:<t 0 -1 LL-1E 0..:1 E ~g E 0:: 3I OI :2: I-I 9 ~ I c SAMPLE ~ 

II- 0::1- 0 U U 
~ LOCATIONS 

THM I uw cow 0:: ~ term 0:2: 02 CO THM U 
Little Cottonwood Water 

Y V IY Y V Treatment Plant 0.5 
Little Cottonwood Creek Influent 
Little Cottonwood-Water 

~ ~ IY /<i ~ Treatment Plant 21 10 <1 33 2.9 
Deer Creek Influent 

Little Cottonwood Water y,; y,; y, X y,: Treatment Plant 75 <1 90 1.50 1.55 1.2 
Effluent 
Salt Lake Metro Water District y 1/ 7 y y 33 South Te~inal 

Reservo ir IN 
Salt Lake Metro Water District y y 7 77 Y 33 South Terminal 1.00 1.05 

Reservoir OUT 
Parleys Water Treatment Plant y y y y y Influent 4.1 

Parleys Water Treatment Plant ;;<: /. y: ~ y.: Effluent 47 <1 65 0.85 0.90 2.3 

Big Cottonwood and City Creek 7-7-7- Y 7 2.8 
Water Treatment Plants Influent 1:0 
Big Cottonwood Water Treatment /. V y, ~ y,: Plant <1 <1 0.85 0.85 0.5 
Effluent 
City Creek Water Treatment 

~ y. )<' X Yo Plant <1 <1 36 1.05 1.10 1.6 
Effluent 
1855 So. Industrial T / 7 7 Y Road (near 1800 West) 

1.10 1. 20 

2727 East Kentucky y y y y y (near 4600 South) 0.20 0.20 

145 Wright Brothers Drive y / 7-Y- Y Salt Lake International 0.80 0.85 
Center 

Capital Building 7 V Y 7 ;: 0.55 0.60 

2475 East 3300 South 7 / ;Y y ;: 0.75 0.75 

Liberty Park 7 / 7- / 1/ 0.40 0.40 

Bonneville Go 1£ Course ;Y y / Y Y 0.55 0.55 

3616 East 4135 South IT 1/ 7- / T 0.50 0.50 

8644 South 3500 East y: / / 7 y: 1.50 1.60 

851 East No. Crest Drive /-/-7 / / 1.00 1.00 

137 



Table B-1. Continued. 

JULY 28 1981 , 
TRIHALOMETHANES j.Lg/1 (PPBl OTHER 

I I PARAMETERS 0 0 ::;'E 0:: -;: 
0 g 

0 ::;'E 0:: ::;'E (J) W W -l: 
0:: ::;'E wz- ..Jz_ 0 

COw 

~! 
0:: .t.) _ 

~ Ii I «0:: ........ g~ci, Oz I- w 0:: ........ 
0 0::« 0::00'1 f-- a 0'> 

0 ..J I.l....JE 0..:1 E ~EE 0:: gI ::;'E f-I 
g ~ ~ I '0 SAMPLE 1% If- 0 U u 

LOCATIONS 
THM I uw 0:: 12 ~ term 

o::;'E THM u a m 
Little Cottonwood Water Treatment IY ~ ~ ~ Y Plant 0.8 
Little Cottonwood Creek Influent 

Little Cottonwood Water Treatment 

~ 70 /~ ~ y,: NO 
Plant . 16 <1 24 DATA 

~.~,. r.,.~~ .. TnT1, 

Little Cottonwood Water y.: X, ~ ~ Y::' Treatment Plant 46 <1 60 1.00 1.10 II 2.6 Efflnent 
Salt Lake Metro Water District 33 y Y ;/ ~ y South Terminal Reservoir IN 

Salt Lake Metro Water District 33 

~ Y ~ ~ / South Terminal Reservoir OUT 0.95 1 

: Parleys Water Treatment Plant y 1/ L L y , 2.6 
Influent 

Parleys Water Treatment Plant 

~ ~ y; ~ y.; Effluent 26 <1 40 0.85 0.90 2.6 

Big Cottonwood and City Creek y / ~ ~ y H* I'ater Treatment Plants 
1,f1n,,"' 
Big Cottonwood Water Treatment y:: y. ;C; ~ y,: Plant <1 0.90 1.00 1.1 
Effluent 
City Creek Water Treatment y,; /. Y. ~ ~ Plant <1 0.80 0.90 0.5 Effluent 
1855 So. Industrial Road y i/ / Y Y (near 1800 West) 0.65 0.70 

2727 East Kentucky y y ~ ~ y (near 4600 South) 
0.40 0.45 

145 Wright Brothers Drive y y L ~ Y Salt Lake International 0.75 0.75 Center 

Capitol Building / V Z Z y 0.60 0.70 

2475 East 3300 South y y L Z y 0.95 1.10 

Liberty Park y / L ~ Y 0.70 0.70 

Bonneville Golf Course y L ~ ~ y 0.45 0.50 

I 3616 East 4135 South / / y ~ y 0.40 0.45 

8644 South 3500 East y y L ~ 7 1. 30 1.30 

851 East No. Crest Drive / ;< y YV , 
0.90 

, 
0.75 

*Questionable value 
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Table B-l. Continued. 

AUGUST 31 1981 J 

TRIHALOMETHAr\IES I.LQ/I PPB) OTHER 
I , PARAMETERS 0 0 
~ 0::: C 
0 

g 
0 

~ ~ 
(fl W W .Q 

0::: ~ C 0::: CD w I 0::: wZ- ....JZ_ ·u -5: u w 0 I <!o:: ....... U .~ ....... °z f- wO::: ....... da 0 z li.. 0::: 0 0'1 f-O 0'1 0'1 0 o:::<! ~ <! 0 ....J li......JE 0..::.1 E f-c5 E 0::: gI g 0 I ~ ~ I f-I 
SAMPLE 1% If- 0::: f- 0 U U c; 

THM uw CD W 0::: f2 ~ LOCATIONS term I 
THM U i5~ 0 ~ CD 

Little Cottonwood Water ;:/ y y ;:/ ;:/ Treatment Plant <0.5 
Little Cottonwood Creek Influent 

Little Cottonwood Water y, y; ~ ~ Yo Treatme~;, Plant <1 <1 3.6 
noor ('rook I I .. on" 

Little Cottonwood Water y,: /u y, /< y.; Treatment Plant 54 <1 67 1.05 1.05 2.0 
Effl 
Salt Lake Metro Water District 7 y y y y 33 South Terminal 

Reservoir IN 

Salt Lake Metro Water District y y y y y 33 South Terminal 0.50 0.60 
Reservoir OUT 

Parleys Water Treatment ;:/ y y y y Plant 2.0 
Influent 
Parleys Wa ter Treatment 

~ X, y y: y.: Plant 32 <1 49 0.60 0.65 1.1 
Effluent 
Big Cottonwood and City Creek y y y y y ~ Water Treatment Plant 

0.8 Influent 
Big Cottonwood Water Treatment /. V ~ I/< /< Plant <1 <1 0.65 0.75 <0.5 
Effluent 
City Creek Water Treatment 

~ y: ~ y, y,: Plant <1 <1 0.80 0.85 <0.5 
Effluent 
1855 So. Industrial Road y / Y Y y (near 1800 West) 0.50 0.55 

2727 Eas t Kentucky 7- y y y y (near 4600 South) 0.45 0.45 

145 Wright Brothers Drive y / y y y Salt Lake International 0.50 0.50 
Center 

Capitol Building Y-/-Y y Y- 0.10 0.15 

2475 East 3300 South y / Y y y 0.65 0.70 

Liberty Park 17 1/ Y Y y 0.40 0.45 

Bonneville Golf Course y / / / Y 0.40 0.45 

3616 East 4135 South y / Y 7 y 0.40 0.40 

8644 South 3500 East y y y y y 1.00 0.90 

851 East North Crest Drive / / y y / 0.75 0.70 
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Table B-1. Continued. 

SE P;-::;'~Ee.~ 28 1981 J 

TRIHALOMETHANES 110/1 PPSl OTHER 
I I 1 ~RAMETERS 0 

~ :2: ~ 
0 

3 
0 

:2: ~ U'l w W ..c et: :2: a et: CD
W 

I et: w~- -IZ_ ·u -C2 Oz uw C2 I wet:' <l:o::, U.>! , 
OZ I-

0::3E 
I- 0 0'1 Os 0'1 0 a::<l: ~<l: 0 -l O..:.J E f--:E' E 0:: 3I OI ~ ~ 

l.!..I I-I 0 

SAMPLE 1% 3 II- 0::1- 0 U u 2 THM I UW CDW 0:: ~ ~ LOCATIONS term 
o~ 0:2: CD THM U 

Little Cottonwood Water y Y-;7 1/ / Trea tmen t PI an t <0.5 
Little Cottonwood Creek Influent 

Little Cottonwood Water 

~ ~ ;7 / / 4.1 Treatment Plant 
Deer Creek Influent 
Little Cottonwood Water y. X. Y. ~ ~ Treatment Plant 78 <1 100 1.35 1.45 2.0 
Effluent 
Salt Lake Metro Water District 17 y ;7 y 7 33 South Terminal 

Resel'Voi~ TN 

Salt Lake ~tro Water District y Y- ;:7 57 y 33 South Terminal Reservoir 0.50 0.60 
OUT 

Parleys Water Treatment Plant y y y -y y 
Influent 2.2 

Parleys Water Treatment Plant 

~ X. Y, ~ ~ Effluent 30 <1 53 0.70 0.85 1.5 

Big Cottonwood and City Creek y Y- 57 y y 0.8 
Water Treatment Plent Q.9 

Influent 
Big Cottonwood Water Treatment y: y: ~ ~ ~ Plant <1 <1 0.75 0.85 <0.5 
Effluent 
City Creek I~ater Treatment y.: y, ;7: ~ ~ Plant <1 .<1 0.90 1.00 <0.5 
Effluent 
1855 South Industrial Road Y-1/ ;/ Y [y (near 1800 I,est) 0.45 0.50 

2727 Ea s t Ken tucky Y- y y y Y-(near 4600 South) 0.40 0.45 

145 Wright Brothers Drive y y 7 Y Y Sal t Lake In terna tional 0.15 0.20 Center 

Capitol Building 7 / y /-' Y 0.45 0.50 

2475 East 3300 South y / )/: y y 
i 0.50 0.55 

Liberty Park Y-Y-57 y 17 0.40 0.45 

I Bonneville Golf Course y y 77 Y Y 0.50 0.50 

3616 East 4135 South 7 y 7 y Y 0.10 0.15 

8644 South 3500 East y / )/: Y Y i 
0.90 0.90 

851 East North Crest Drive / y Y y y I 0.85 0.90 
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Table B-1. Continued. 

OCTOBER 30 1981 , 
TRIHALOMETHANES jJ.Q / I (PPB) OTHER , I ~RAMETERS 0 0 

~ 0::: " :2: 0 
S 

0 

0::: ~ 
(/) lJ.J -e 

0::: ~ ....JZ_ 
c 

COlJ.J I 0::: 

;~ 
. u_ 

~ U w a: I lJ.J 
~O::' g~~ °z 0 z I- lJ.J 

0 0:::<1: ~<1: 0 0::: oS E ~5E 0::: SI OI ~ 
....J I.J... I-I 

SAMPLE 1% 9 II- 0:::1- 0 ~ u :E 
LOCATIONS 

THM I UW CDlJ.J 0::: ~ ~ term 
U o:;;:E O~ CO THM 

Little Cottonwood Water 

~ y V V V Treatment <0.5 
Little Cottomi'Ood Creek Influent 

: Little CottonwoOd Water 

~ ~ y ~ ~ I Treatment Plant 42 16 <1 62 3.3 
Deer Creek Influent 

Little Cottonwood Water ;y:: ~ y: ~ ~' Treatment Plant 64 14 <1 1.5 1.5 
Effluent 
Salt Lake Metro Water District y y y y 35 

33 South Terminal 
Reservoir IN 

Salt Lake ~!etro 'vater District IY y V ~ y 33 South Terminal 0.80 0.90 
Reservoir OUT 

Parleys Water Treatment Plant Y-y Y-L Y-Influent 2.6 

Parleys \,ater Treatment Plant 

~ Ya y; ~ y,: Effluent 43 21 <1 71 0.80 0.90 1.9 

Big Cottonwood and C1:y (.;reek. 

/-/ /-L /-Water Treatment 
Influent 
Big Cottonwood Water Treatment 

~ Yo y, y, ~ Plant 50 <l <l 56 0.65 0.80 1.3 
Effluent 
City Creek Water Treatment Plant ;y:: y: ->< y, /< Effluent 48 <l <1 54 0.70 0.80 0.9 

1855 So. Industrial y lYY L lL Road 0.40 0.50 
(near 1800 West) 

2727 East Kentucky y y y y y 0.30 0.40 (near 4600 South) 

147 Wright Brothers Drive y y / Y Y Salt Lake International 0.40 
Center 

Capitol Building y lY / Y L 0.40 0.50 

2475 East 3300 South y / Y Y Y 0.90 I 1.10 

Liberty Park. y y / Y Y 0.50 0.60 

Bonneville Golf Course y y / L L 0.40 0.35 

3616 Eas t 4135 South / / / Y Y 0.10 0.10 

8644 South 3500 East y 7 Y Y Y 1.20 1.40 

I 
851 East :'lorth y 7' y YIZ Crest Drive 0.40 i 0.50 
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Table B-1. Continued. 

NOVEMBER 27 1981 , 
OTHER 1 I TRIHALOMETHANES .u.a/I ( PPB) 

I I FARAMETERS 0 0 2 0:: C 
0 0 0 

2 2 <.fl W W .0 
0:: ..J 2 a 0:: COw I 0:: w~-

..J z _ ·u -e Oz u 0 I W 0::' «0::' U':!, 
0 u. I- 0::001 1-0 01 d§ 01 0 0::« 2 0 ..J u...JE 0...:.1 E 1-'5 E 0:: SI 

9 ~ 2 ~ I I-I 
Q SAMPLE 1% II- 0 U U THM I UW ~~ 0:: ~ ~ LOCATIONS term 

02 THM U CO 
Little Cottonwood "ater y y y 37 y Treatment Plant LO 
Little Cottonwood Creek Influent 

Little Cottonwood Water .;y:a X. 7-~ ~ Treatment Plant 38 16 <1 58 2.5 
Deer Creek Influent 
Little Cottonwood Water Iy. X. j7: ~ y.: Treatment Plant 48 <1 64 1.15 1.20 1.0 
Effluent 
Salt Lake Hetro Water y y y y y District 33 South 

Terminal Reservoir IN 

Salt Lake Hetro Water y y y ;Y y District 33 South 0.60 0.80 
Terminal Reservoir OUT 

Parleys Water Treatment y y 37 57 Y-Plant 3.1 
Influent 
Parleys !<ater Treatment y,: ~ y. 5? y,; Plant 30 21 <l 59 0.60 0.70 1.9 
Effluent 
Big Cottonwood and City Creek y y 37 37 Y 0.6 Water Treatment Plant 

0:7 Influent 

Big Cottonwood Water Treatment y,; /. /< /< ~ Plant <1 <1 43 0.85 1.00 <0.5 
Effluent 

! 

City Creek Water Treatment Yo y, Y, ;;:: /< Plant <1 37 1.00 1.00 <0.5 i Effluent 

I 1855 So. Industrial Road fo V 7 7 1/ i 
(near 1800 West) 

I 2727 East Kentucky y y y y / (near 4600 South) 0.30 0.30 

145 !,right Brothers Drive r :/ 7 7 / Sal t Lake International 
r"nt-p,.. 

Capitol Building //7 y Y 0.75 0.80 

2475 East 3300 South ~IY y Y 0.80 0.90 

I Liberty Park yyz y 17 0.40 0.45 

Y Y 5 Y- Y Bonneville Golf Course - 0.00 0.00 

3616 East 4135 South / y 17 1/ 0.00 0.00 

1 8644 East North Crest Drive Y- y <1 -y 0.65 0.70 

351 E3st North Crest Drive y y 1 7 Y - 0.90 1.00 
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Table B-1. Continued. 

DECEMBER 301 1981 
TRIHALOMETHANES ,Ltg!1 PPS) 

t o 
2: 

~ 0 
0:: 0:: 
P COo w 

:E 
0:: 

IJ) 

:2: 
:r: 

SAMPLE 
LOCATIONS 

... Z 

~ O~ g~ 
.:J :r: I-
-r UW 
U 0:2: 

fi: 
o 
2: o 
0:: 
CO 

I-

Little Cottonwood Water Treatment 
Plant, Little COttonwood Creek 
Influent 
Little Cottonwood Water 

Trea tment Plan t 
Deer Creek Influent 
LitUe cottonwooa water 

Treatment Plant 
Effluent 

Salt Lake Metro Water 
Distric 33 South 
Terminal Reservoir IN 

Salt Lake Hetro Water 
District 33 South 
Terminal Reservoir OUT 

Parleys Water Treatment Plant 

Influent 

33/111/- 3/· <1/ 47 L 
/26/10/3 /<1 L39 

OTHER 
F1:\RAMETERS 

0.90 1.00 

0.90 0.90 

<0.5 

2.9 

1.5 

2.7 

Parleys Wat:er Treatment Plant 8/ 7 / 4/ <l / 19 / 

~_Ef_f_1_ue_n_t ________________ ~ __ ~,-/ ____ 11~66~,-/ ___ 11_11~,-/ ____ 55~/,-___ «_11~/,-___ 33_22~~0_._7_0 __ r-_O_~____ • 

Big Cottonwood and City Creek y1 _ ;/1 _ yl _ /1 _ yl _ 
Water Treatment Plant _ 

Influent 

Big Cottonwood Water Treatment y, /. ~1 Y,l ~ 
Plan t 27 . 4 . <1 <1 31 

Effluent 
0.80 0.80 <0.5 

City Creek Water Treatment 7/ 2 <1 <1 9 / 
0.80 0.85 <0.5 

0.55 0.55 

Eff1U!~~nt V 34 4 <1 <1 /38 
~1~8~5~5~~~.~~~du-s~t-r~ia~1-~Roa~d------~~ lL-44--/_~ ~~ ~:;_11~ 222Jll~/_;;1t------t-----~------~ 

(near 1800 West) V - ~ - /-
2727 Bast Kentucky 

(near 4600 South) 

145 Wright Brothers Drive 
Salt Lake International 
Center 

Capitol Building 

2475 East 3300 South 

Liberty Park 

Bonneville Golf Course 

3616 East 4135 South 

8644 South 3500 East 

851 East North Crest Drive 

*N.D.-None Detected 

0.30 0.30 

0.55 0.55 

0.55 0.55 

0.65 0.65 

0.50 0.50 

/7/-'77 N.D. N.D. 

yy/yy 1.30 1.30 

0.65 
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Table B-2. Salt Lake County area trihalomethanes and total organic car­
bons (when available) for the months of June and September, 
1981. 

TRIHALOMETHANES Jl911 {PPBI OTHER PARAMETERS 

lIJ lIJ I c:: ~ 

0 z z .,..; Z 
<l <l ..... 0 :r: :r: <0 (II 

l- I- ~ a:: 
lIJ lIJ <l 
::£ :s ,...; ,...;U I':l 0 0 u -""u 
::£ a:: 0 Q),-.. 00-

::E 0 9 () ..... sz 
:s tJJ <lJ (OJ !l) .<l a:: a:: :s 1-1 40< <lJ 

~ 
0 IrI :r: a:: :r: ~ 1-140< uc) 

ITHM u.. 0 (.) 0 I- u ~'-'" cio:: 
0 c:: 0 u.. <0 r.t:l 1-'0 
a:: 9 ::E 0 1-1 ...J 

SAMPLE LOCATIONS \ .. ~e~~ 
...J <lJ "' 0 0 

I 

:! ;:! a. Q) ;:! ...J :r: a:: 0 s u :r: u (II a:: g <lJ ~ 0 
u 0 0 IrI E-< 1:: 

(June 18, 1981) III/, V III/, Groundwater Well 1657 10 i+1O <0.5 
(shallow) <1 19 

Groundwater Well 1651 !1'/v 211 (deep) 7 -270 <0.5 

< 1 11 

II 1/I/l/V i 

(September 18, 1981) Iii/' V Groundwater Well 1657 1/11/ 14 +4.3 3.0 
(shallow) . 10 5 < 1 17 

I 

Groundwater Well 1651 11 I;~j/!t (deep) 13 1-270 
. 

0.5 

4 3 <1 12 

V !I V / / I 
I 

I 

IV I 

I 

V II / 
V V II 

V vi V V V 
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Appendix C 

Salt Lake County Water Treatment Plant Unit Processes 

and Storage Reservoir Analyses 
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Table C-L Big Cottonwood water treatment plant unit process analysis. 

11 
Influent Post Rapid End of End of Filter Vi lter. Effluent -

Parameter Raw Mix Coagulation Sedimentation Influent Effluent Finished 

Date 7/01/81 7/01/81 7/01/81 7/01/81 7/01/81 7/01/81 7/01/81 
Time 3:25 3:30 4:05 7:30 7:35 8:00 8:05 
Temperature 14.5 16.0 16.0 19.0 18.0 18.0 16.0 

(OC) 
pI! 8.2 8.6 8.3 8.2 8.3 8.2 8.1 
Free chlorine 0.00 1.00 0.80 0.90 0.80 0.70 0.90 

(mg/l) 
Total chlorine 0.00 1.10 0.90 1.00 0.90 0.95 1.00 

(rug/I) 
TOC (rug/I) 1.3 2.0 1.5 1.9 2.3 1.0 0.9 
Inst-TTHM 0 2 5 9 9 9 6 

(llg/1) 
Term-TTHM 0 53 34 38 44 38 32 

t-' 
(lJg/1) 

~ Chlorine dose 1.3 
0) (rug/I) 

Flow (MGD) 40 40 40 40 40 40 40 

Date 9/24/81 9/24/81 9/24/81 9/24/81 9/24/81 9/24/81 9/24/81 
Time 11 :00 11 :05 11 :40 3:25 3:40 3:50 4:00 
Temperature 17 .0 16.0 20.0 15.0 15.0 15.0 15.0 

("C) 
pH 8.1 8.0 8.0 7.9 8.1 8.0 8.0 
Free chlorine 0.05 0.70 0.55 0.45 0.80 0.75 0.60 

(mg/I) 
Total chlorine 0.10 0.95 0.90 0.85 0.80 0.75 0.70 

(mg/ 1) 
TOC (rug/I) 1.6 0.5 0.8 1.4 0.9 <0.5 0.5 
Inst-TTHM 3 3 5 9 9 9 9 

(lJg/1) 
Term-TTHM 3 13 6 11 14 31 33 

(lJg/1) 
Chlorine dose 1.4 

(rug/1) 
V low (MGD) 18.5 18.5 18.5 18.5 18.5 18.5 18.5 



Table C-2. Parleys water treatment plant unit process analysis. 

Influent Start of End of Start of End of Filter Filter Effluent -
Parameter Tap - Raw Coagulation Coagulation Sedimentation Sedimentation Influent Effluent Finished 

Date 7/01/81 7/01/81 7/01/81 7/01/81 7/01/81 7/01/81 7/01/81 7/01/81 
Time 9:50 10:00 10:55 11 :00 3:45 3:50 4:20 4:40 
Temperature 15.0 14.5 14.5 14.0 14.0 16.0 12.5 13.5 

(·C) 
pH 7.7 7.5 7.5 7.6 7.6 7.6 7.5 7.5 
Free chlorine 0.05 0.75 0.55 0.75 0.30 0.75 0.65 0.55 

I) 
Total chlorine 0.05 1. 20 0.95 1.15 0.55 1.15 0.95 0.85 

(mg/I) 
TOC (mg/I) 2.7 2.7 2.4 2.5 2.2 2.5 2.0 1.9 
Inst-TTHM 2 14 16 18 27 22 29 24 

(jJg/1) 
Term-TTHM 2 46 54 47 47 74 62 28 

I) 

t-' Chlorine dose 2.4 
,p.,. (mg/!) 
-.J Flow (MGD) 20 20 20 20 20 20 20 20 

Date 9/24/81 9/24/81 9/24/81 9/24/81 9/24/81 9/24/81 9/24/81 9/24/81 
Time 12:50 1 :00 1 :45 1:50 3:35 3:40 4:05 4:20 
Temperature 19.0 18.5 18.5 17 .5 18.5 18.5 18.0 18.0 

(OC) 
pH 8.1 7.8 7.6 7.6 7.6 7.6 7.6 7.6 
Free chlorine 0.00 1.40 0.80 0.55 0.60 0.65 0.50 0.50 

(mg/I) 
Total chlodne 0.00 1. 55 1.10 0.80 0.90 0.95 0.80 0.75 

(mg/I) 
TOC (mg/I) 1.8 1.7 1.9 1.6 1.6 1.6 1.4 1.5 
Inst-TTHM <1 14 17 33 27 23 19 23 

) 
Terrn-TTHM <1 39 34 33 42 37 37 36 

(Ilg/I) 
Chlorine dose 2.2 

(mg/I) 
Flow (MGD) 15 15 15 15 15 15 15 15 



Table C-3. Lit t Ie Cot tomvood wa ter treatment plant unit process analysis. 

Raw - Little Raw Deer Post Start of Start of End of Clearwell 
Cottonwood Creek Start of End of Rapid Coagulation Sedimen- Sedimen- Filter Fit t er Effluent -

Parameter Creek Reservoir Aeration Aeration Mix (Post Alum) tat ion tat ion Influent Effluent Finished 

Date 6/30/81 6/30/81 6/30/81 6/30/81 6/30/81 6/30/81 6/30/81 6/30/81 6/30/81 6/30/81 6/30/81 
Time 10:30 10:30 10:55 11 :10 11: 15 11:25 12:10 2:45 2:50 3: 15 3:25 
Temperature 20.0 20.0 12.0 12.0 13.0 12.5 12.5 19.0 18.5 16.0 IS .5 

(OC) 
pH 7.8 7.8 7.8 7.8 7.8 7.5 7.5 8.1 7.9 7.9 8.0 
Free ch 1 od ne 0.00 0.00 0.20 0.20 0.60 0.60 0.50 0.05 0.10 0.10 1.10 

(mg/1) 
Total Chlorine 0.00 0.00 0.35 0.35 0.70 0.80 0.70 0.10 0.20 0.15 1.30 

(mg/lJ 
Toe (mg/I) <0.5 2.7 2.0 1.9 1.9 2. I 2.5 1.5 1.6 1.3 1.4 
lnst-TTHM 0 29 21 24 24 25 24 32 32 27 35 

(llg/O 
Term-TTllM 0 27 21 23 49 26 43 18 36 33 39 

I-' (~gll ) 
~ Chlorine dose 1.13 
(X) (mg/ll 

Flow (MGD) 115 115 115 115 115 115 115 115 115 115 115 

Date 9/24/81 9/24/81 9/24/81 9/24/81 9/24/81 9/24/81 9/24/81 9/24/81 9/24/81 9/24/81 9/24/81 
Time 11:50 11: 50 12:05 12: 30 12:35 12:40 1:50 6:00 6:05 6:45 6:55 
Temperature 22.0 22.5 20.0 19.0 18.5 18.5 19.0 18.0 18.0 19.0 22.5 

('C) 
pH 7.5 7.5 7.6 7.6 9.2 8.6 8.4 8.6 7.8 7.8 7.8 
F.ee chlorine 0.00 0.10 0.60 0.90 0.85 0.70 0.25 0.25 2.80 2.80 1.50 

chlorine 0.00 0.50 1.20 1.50 1.80 1.00 1.30 1.35 2.80 2.80 1. 55 
(mg/I) 

Toe (mg/1) <0.5 3.4 3.1 2.9 3.2 3.5 2.6 2.0 2.1 2.0 2.1 
lnst-TTHM <I I 2 (I 6 3 3 3 47 44 23 

(l.g/ll 
Term-TTHM <I 2 <I 6 6 5 5 87 81 25 

(\lg/l ) 
Chlorine dose 1.0 

(mgll ) 
Flow (MGn) 66.5 66.5 66.5 66.5 66.5 66.5 66.5 66.5 66.5 66.5 66.5 



I-' 
.i::> 
\..0 

Table C-4. Water treatment plant storage reservoir data and descriptions for unit process analysis. 

Parameter 
Free 

Reservoir Date Time Temperature pH Chlorine Chlorine TOC Inst-TTHM Term-TTHM 
("C) (mg/1) (mg/l) (mg/!) (J.lg/l ) (J.lg/1) 

33 South Te 
Baskin 7/01/81 6:30 20.0 7.8 0.60 0.70 1.2 24 54 
Tanner 7/01/81 8:30 21.0 8.0 0.70 0.70 1.1 11 31 

33 South Terminal 9/28/81 3:20 16.5 0.50 0.60 2.1 43 
Baskin 9/24/81 3:30 17.5 8.1 0.30 0.30 26 47 
Tanner 9/24/81 5:15 14.0 8.1 0.55 0.65 0.7 15 23 

Reservoir Location and Storage: 

33 South Terminal - Little Cottonwood treatment plant water 
Baskin - at Bonneville Golf Course near Foothill Drive and 13 South, predominantly Parleys treatment plant water 
Tanner - near Holladay and 62 South, predominantly Big Cottonwood treatment plant water 
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Table D-l. EPA audit and internal quality control quallty assurance data. 

EPA Audit EPA Audit EPA Audit 
WS-007 WS-008 WS-009 

February 1981 July 1981 November 1982 

Sample 1 Sample 2 Sample 1 Sample 2 Sample ] Sample 2 

Chloroform 
"True" value 14.9 44.7 76.6 10 .2 25.5 
Acceptable range 12.0-18.0 36.0-54.0 61.0-92 .0 8.2-12.0 20.0-31.0 
Reported value 12.8 39.6 80.0 11.0 23.2 
Acceptable (yes or no) Yes Yes Yes Yes Yes 

Bromoform ( gil) 
"True" va lue 24.5 61.4 98.7 32.9 11.0 
Acceptable range 20.0-29.0 49.0-74.0 79.0-120.0 26.0-39.0 8.8-13.0 

I-' 
Ul Reported value 23.0 56.8 106.0 33.9 13 .2 
tv Acceptable (yes or no) Yes Yes Yes Yes No 

Bromodichloromethane ( g/l) 
IITrue" value 94.9 18.4 91.2 22.8 13.7 
Acceptab Ie range 76.0-110.0 15.0-23.0 73 .0-110.0 18.0-27.0 11.0-16.0 
Reported value 67.4 19.0 97.8 25.2 15.3 
Acceptable (yes or no) No Yes Yes Yes Yes 

Dibromochlorometnane ( g/l) 
"True" value 11.3 84.8 71.1 U.8 5.9 
Acceptab Ie range 9.0-14.0 68.0-100.0 57.0-85.0 9.4-14.0 4.7-7.1 
Reported value 10.4 75.2 81.5 13.9 6.8 
Acceptable (yes or no) Yes Yes Yes Yes Yes 

Total TUM ( g/l) 
"True" value 145.1 209.8 337.6 77.7 56.1 
Acceptable range 120.0-170.0 170.0-250.0 270.0-410.0 62.0-93.0 45.0-67.0 
Reported value 114.0 191.0 293.0 156.0 58.0 
Acceptable (yes or no) No Yes Yes No Yes 



Table D-I. Continued. 

EPA Audit Internal Internal 
WS-01O Quality Control Quality Control 

May 1982 2nd Quarter 1981 3rd Quarter 1981 

Sample Sample 1 Sample 2 Sample 1 Sample 2 

Chloroform G/I) 
"True" value 61.3 20.4 11.0 45.6 11.0 45.6 
Acceptable range 49.0-74.0 16.0-24.0 8.8-13.2 36.5-54.7 8.8-13.2 36.5-54.7 
Reported value 53.0 17 .6 9.0 45.8 9.6 38.5 
Acceptable (yes or no) Yes Yes Yes Yes Yes Yes 

Bromoform ( gIl) 
"True" va lue B2.3 21.9 2.8 10.4 2.8 10 .4 
Acceptable range 66 .• 0-99.0 18.0-26.0 2.2-3.4 8.3-12.5 2.2-3.4 8.3-12.5 

I-' Reported value BO.O IB.3 2.7 11.7 3.0 10.8 
Ul Acceptable (yes or no) Yes Yes w Yes Yes Yes Yes 

Bromodichloromethane ( gil) 
"True" va lue 73.0 27.4 1.7 8.6 1.7 8.6 
Acceptable range 58.0-88.0 22.0-33.0 1.4-2.0 6. 9-lO. 3 1.4-2.0 6.9-10.3 
Reported value 73.0 26.4 1.8 9.9 2.0 9.8 
Acceptable (yes or no) Yes Yes Yes Yes Yes Yes 

Dibromochloromethane ( gIl) 
"True" value 53.3 23.7 2.4 12.0 2.4 12.0 
Acceptab Ie range 43.0-64.0 19.0-28.0 1.9-2.9 9.6-14.4 1.9-2.9 9.6-14.4 
Reported value 54.0 23.0 2.6 14.0 2.7 14.0 
Acceptable (yes or no) Yes Yes Yes Yes Yes Yes 

Total THM ( gIl) 
"True" value 269.9 93.4 17.9 76.6 17.9 76.6 
Acceptable range 220.0-320.0 75.0-110.0 14.3-21.5 61.3-91.9 14.3-21.5 61.3-91.9 
Reported value 260.0 85.0 16.1 81.4 17.3 73.1 
Acceptable (yes or no) Yes Yes Yes Yes Yes Yes 



Table D-l. Continued. 

erna Internal 
Quality Control Quality Control Quality Control 
4th Quarter 1981 1st Quarter 1982 2nd Quarter 1982 

Sample 1 Sample 2 Sample 1 Sample 2 Sample 1 Sample 2 

Chloroform 
"True" value 10.7 20.1 10.7 70.1 11.0 45.6 
Acceptable rangea 8.4-13.1 54.3-85.9 8.4-13.1 54.3-85.9 8.6-13.4 35.3-55.9 
Reported value 10.6 70.B 8.0 73.0 10.0 41.0 
Acceptable (yes or no) Yes Yes No Yes Yes Yes 

Bromoform ( gil) 
"True ll value 12.3 3.5 12.3 3.5 2.B 10.4 
Acceptable range a 9.8-14.7 2.3-4.B 9.B-14.7 2.3-4.B 1.8-3.8 8.3-12.5 
Reported value 14.4 2.9 10.8 3.0 1.0 10 .5 

r-' Acceptable (yes or no) Yes Yes Yes Yes No Yes 
U1 
,j:>. 

Bromodichloromethane ( gil) 
"True" value 4.5 18.5 4.5 18.5 1.7 8.6 
Acceptable rangea 2.6-6.4 15.0-22.0 2.6-6.4 15.0-22.0 1.0-2.4 5.0-12.2 
Reported value 4.2 20.2 4.0 15.5 2.0 9.5 
Acceptable (yes or no) Yes Yes Yes Yes Yes Yes 

D i bromoch lor orne thane ( gil) 
"True II value 6.5 IB.7 6.5 IB.7 2.4 12.0 
Acceptable rangea 4.6-8.3 14.7-22.7 4.6-8.3 14.7-22.7 1.7-3.1 9.4-14.6 
Reported value 6.9 20.9 5.7 16.1 2.7 l2.0 
Acceptable (yes or no) Yes Yes Yes Yes Yes Yes 

Total THM ( gil) 
"True" va lue 33.9 1l0.8 33 .9 110 .8 17.9 76.6 
Acceptable rangea 25.4-42.4 86.3-135.3 25.4-42.4 86.3-135.3 13.1-22.7 58.1-95.1 
Reported value 36.1 114.8 28.5 107.6 15.7 73.0 
Acceptable (yes or no) Yes Yes Yes Yes Yes Yes 

aOne standard deviation 


	Trihalomethane Compounds and Their Precursors in Salt Lake County: Evaluation of Trihalomethane Source and Production
	Recommended Citation

	tmp.1332261731.pdf.5Fjyp

