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ABSTRACT

The water quality of a sphagnhum peat bog system at
Drummond, WI was monitored at 39 sampling sites from
October, 1977, to November, 1979, in order to character-
ize the natural water chemistry and to evaluate the bog's
initial ability to assimilate secondarily treated domestic
sewage. Routine water analyses included pH, conductivity,
chloride, COD, BOD, ortho and total phosphorus, and ammonia,
nitrate-nitrite, and Kjeldahl nitrogen. Fecal coliforms,
total suspended solids, dissolved oxygen, metals, hardness,
and alkalinity were occasionally measured. Background
values were generally typical of a perched, ombrotrophic
bog. Significant background variability occurred across the
bog, with depth, and over time. ’

From June through October, 1979, approximately 2.2 mil-
lion gallons (8350 m3) of wastewater were filtered through
the bog. The wastewater was secondary lagoon effluent
diluted with lake water used for initial lagoon filling and
sealing. Effluent BOD5 and nitrogen were similar to the bog
background. Effluent pH, chlorides, conductivity, alkalinity,
hardness, phosphorus, and suspended solids were significantly
higher, and COD was much lower. Analysis of water quality
changes during the first 4.5 months of operation indicated an
efficient assimilation of the effluent. Percent retention of
nutrients from precipitation (1978) and precipitation plus
effluent (1979) are listed below for the period from June

through October:
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% Phosphorus & Nitrogen Retention % 0f 1979
1978 1979 Loading Due
(Background) (Eff. Discharged) To Effluent

Total P -=32%(release) 78% 38%
Ortho P 30% 88% 18%
Kjeldahl N  -4é%(release) 53% 244
Ammonia N 99% 97% : 5%
NO,-NOg N 96% 100% 0%

Significant reductions in effluent concentrations of chloride
(60%), alkalinity (100%), hardness (83%), phosphorus (80%),
and total suspended solids (95%), were also noted based on
differences between the effluent and bog outflow water qual-
ity during the effluent discharge period. Effluent pH and
conductivity were also significantly reduced, while COD
increased 204%.

Chloride tracing revealed that the effluent water pri-
marily moved through the bog in the upper 0.5 meter. Other
than chloride and conductivity increases, the most signifi-
cant water quélity changes within the bog appeared to be a
drop in COD, BOD, phosphorus, and nitrogen below the estab-
lished background levels at several well sites, and a reduc-
tion in background COD in the bog discharge.

Leaching studies using Drummond peat cores were used to
estimate the long-term potential of the bog to remove nutri-
ents by physical-chemical processes. Under the specific
experimental conditions, net phosphorus removals up to .191
mg P/gram oven dry weight peat were found, which was equiva-
lent to approximately 40 kg P/acre-foot of surface peat soil.
Nitrogen and calcium removals of .45 and 4.5 mg/gram oven dry
weight peat respectively were also found.
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INTRODUCTION

The Drummond experimental wastewater treatment system
is an innovative design utilizing the assimilative capacity
of a natural sphagnum peat bog for tertiary treatment of
secondary lagoon effluent. The normal physical, chemical,
and biological processes in the bog may remove pollutant
nutrients to acceptable levels as the effluent filters through
the wetland.

Research on other types of natural and artificial wet-
lands has indicated a strong potential for wastewater renova-
tion. During pilot scale wastewater treatment operations on
the Houghton Lake fen in central Michigan, Tilton and Kadlec
(1979) reported 99, 77, and 95% removal by mass for nitrate-
nitrite N, ammonia N, and total dissolved phosphorus respec-
tively during the growing season. Kadlec (1979) reports very
good results for the first year of full scale operation for
the treatment of 65 million gallons of secondary effluent at
the Houghton Lake site. Ninety percent N and P removal were
typical within 100 meters of the effluent discharge. Kadlec
(1979) also notes efficient nutrient removal by a forested
wetland serving as a tertiary treatment system for the village
of Bellaire, MI (population 1000). P and N concentrations
were reduced 94-97% and 91-98% respectively.

In Florida, a mixed hardwood swamp is providing tertiary
treatment for a town with a population of 2500. Boyt et al.
(1977) reported a 98.1% reduction in total P and a 89.5%

reduction in total N after 20 years of discharges to the swamp.




Fritz and Helle (1979) report excellent nutrient removal
(98% of N and 97% of P) in cypress wetlands in Florida. The
cypress treatment systems were shown to be cost effective,
energy efficient, relatively reliable, and available for 35%
of the wastewater treatment facilities in Florida. Hermann
et al. (1979) found efficient tertiary treatment in experi-
mental plots in a central Florida freshwater marsh. Reported
P and N removals were 97.5 and 73.4% respectively. Steward
and Ornes (1975) determined a limited capacity of an Ever-
glades sawgrass marsh for nutrient assimilation.
Investigations by Fetter et al. (1978) on a Wisconsin
Typha marsh receiving urban and agricultural runoff revealed
significant improvement in water quality as water passed
through the wetland. They reported concentration reductions
of: BOD-80.1%, coliform bacteria-86.2%, nitrate-51.3%, COD-
43.7%, ortho phosphorus-6.4%, and total phosphorus-13.4%.
Hartland-Rowe and Wright (1975)>established that slightly
treated sewage was substantially improved by passage through
a northern swampland in the Northwest Territories, Canada.
Hickok (1978) reported 77% removal of total P and 94% removal
of total suspended solids from urban stormwater runoff by
filtration through a wetland. Research by Turner et al.
(1976) indicated a good potential for treating fish process-
ing wastes by overland flow and marsh percolation in Louisiana
wetlands. Whigham and Simpson (1976) experimented with waste-
water application to a Delaware freshwater tidal marsh and

found that vascular plants could act as nutrient sinks
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during the summér months. Surakka and Kamppi (1971) reported
success with peat infiltration Systems in Finland to treat
wastewater from small communities. N removals of 67-90%, P
removals of21-82%, and coliform bacteria removals over 99%
were noted. Yonika and Lowry (1979) reported significant
improvements in secondary effluent as it passed through a
Massachusetts inland marsh. Reductions in BOD (67%), ammonia
N (59%), nitrate N (21%), ortho P (49%), and total P (47%)
were noted after a minimum of 16 years of effluent discharge
to the marsh.

Small (1979) reported cost effective and energy efficient
wastewater renovation using artificial marsh/pond and meadow,/
marsh/pond systems. Fetter et al. (1976) demonstrated the
effectiveness of artificial marsh systems constructed in
plastic lined trenches for seasonal treatment of septic tank
effluent. The reported reductions in mass were: BOD-77%,
COD-71%, ortho P-35%, total P-37%, nitrates-22%, and coliform
bacteria-99.9%. Using artificial marshes to treat swine feed
lot wastes, Werblan et al. (1979) reported removals of COD
(80-90%), volatile solids (50-90%), nitrogen (60%), and phos-
phorus (50%). The Mt. View Sanitary District, CA, has
successfully created freshwater wetlands with secondary
effluent (Nute and Demgen 1979). In addition to producing
wildlife habitat, the quality of the effluent was improved.

Farnham and Brown (1972) reported excellent performance
of experimental peat filter systems for phosphorus, organic

matter, and bacterial removal. The equivalent of over 2016




kg/ha of phosphorus was removed from the wastewater when
filtered through 10-30 cm of peat. An application of the
peat filter design by the Forest Service to treat campground
wastes was highly effective (Stanlick 1976 and Parrott and
Boelter 1977). Similarly, Silvo (1972) noted the potential
of sphagnum peat filters for pretreatment of slaughterhouse
wastewater to prevent adverse impacts on conventional domes-
tic treatment plants. And finally, numerous researchers
have demonstrated the potential of peat moss for industrial
wastewater treatment to remove heavy metals and other pollu-
tants (Chaney and Hundemann 1979, Coupal and Lalancette 1976,
Lalancette and Coupal 1972, and Ruel et al. 1977).

Objectives

The primary objective of this research was to determine
the initial treatment efficiency of the Drummond bog, a
typical wetland type in the northern léke states. This was
accomplished by: 1. monitoring the baseline water chemistry
of the Drummond bog system and the changes in water chemistry
- as effluent was discharged to the system, and 2. estimating
potential nutrient removal based on nutrient uptake abilities
of the peat soils as determined by laboratory leaching experi-
ments.

Other research at the Drummond site included hydrologic
budgeting (USFS), long-term studies of vegetation composition
changes (USFS North Central Forest Experiment Station), vege-

tation nutrient and mineral content and uptake studies
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(UW-Milwaukee and Stout), and impact studies on wildlife,
invertebrates, and algal communities (UW-Stevens Point).

The compilation of this research should provide not
only an evaluation of this type of wetland treatment system,
but also a foundation for better understanding the component
processes of wetland systems and the types and magnitude of
impacts on wetland ecology. This knowledge is essential for
responsible application of peatland treatment systems by

other small communities.

Description of Study Area

Drummond is a small community of approximately 270
residents within the Chequamegon National Forest in north-
western Wisconsin (T.45N.,R. 7W.). The landscape of the area
reflects its glacial history. Precambrian bedrock (basaltic
lava flows over granitic crystalline rock) is covered with
thick deposits of clayey till and stratified sand and gravel
in the characteristic end moraine knob and kettle topography
(Young and Skinner 1974). Wetlands, often with thick deposits
of organic peat soils, are common in the kettles and low lying
areas.

Peat depths up to 10 meters have been found in the
Drummond peatland. Sufficient precipitation to maintain a
relatively high water table in the peat filled basin and cool
temperatures through much of the year (Fig. 1) retard decom-

position and promote peat formation (Gorham 1957).
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Figure 1. A. Average water temperature in Drummond monitor-
ing wells 0.4 meters deep. B. Average depth to perched water
table in the Drummond bog. C. Monthly precipitation as
measured at the USFS weather station in Drummond. Data was
obtained for the periods July through October, 1978, and
March through November, 1979. The line marked "D" indicates
the start of effluent discharges to the bog.




Two major types of peatlands are recognized in the lake
states, primarily identified by water source or corresponding
characteristic vegetation (Boelter and Verry 1977). Minero-
trophic peatlands (féns) are ion rich, receiving water
directly from the relatively mineral rich regional ground-
water. Ombrotrophic peatlands (bogs) are ion boor because
their primary water source is precipitation. The Drummond
peatland is a bog; its water table is perched above the
regional groundwater by relatively impermeable well decom-
posed peats and clayey glacial till. Well logs for deep
drilled wells adjacent to the bog show dry sands and gravels
interspersed with clay at a depth below the bottom of the bog.
Also, soil core samples collected in and around the bog reveal
a clay liner that should effectively seal the basin (Kappel
1979).

Vegetation in the Drummond peatland is generally typical
for a perched, ombrotrophic bog (Bay 1967). Relatively low
quality black spruce is the dominant tree cover, along with
scattered tamarack. Ground cover is primarily ericaceous
shrub species, including leatherleaf, Labrador tea, bog rose-
mary, and bog laurel, and sphagnum mosses, including S. recur-

vum, S. magellanicum, S. capillifolium, S. warnstorfii, S.

fuscum, and S. fimbriatum (Bowers 1979).

The concept of using the bog for wastewater treatment
developed when the town of Drummond constructed a lagoon
wastewater treatment system because of the failure of indi-

vidual soil absorption systems in the clayey glacial soils.



The lagoon system has a 180 day holding capacity, after
which the secondary effluent is discharged to the 22 acre
treatment bog (Fig. 2), rather than a direct discharge twice
a year to the Long Lake Branch of the White River, a high
quality trout stream, as originally planned. Gated irriga-
tion pipe is used to disperse the effluent across the bog
surface for maximum contact with the peat.

Effluent is added to the bog in 100,000 gallon incre-
ments during ice-free periods. Discharges are scheduled to
prevent peak runoff or insufficient effluent retention time
in the bog by taking advantage of the bog's ability to store
shbrtQtefm runoff (Bay 1969). Discharge criteria thereforé
include consideration of the bog outlet flow and‘éntecedent :
and predicted precipitation. Theoretically, based on evapo-
transpiration measurements and water storage factors, 11
million gallons of effluent a year could be added to the bog
if discharges were proportional to ET, with only a doubling
of the normal bog runoff (Kappel 1979).

The bog system was first used in 1979, when 2.208 mil-
lion gallons (8350 m3) of effluent were discharged to the bog
from June 14 to October 24. The bog outflow did not change
significantly during the effluent discharge period compared
to the 1978 baseline period. The average discharge was 0.06
cfs(0.0017 cms) for both periods. The perched water table
actually dropped slightly during effluent application, also
indicating effective assimilation of the effluent water

(Fig. 1).
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The normal water table trend for a perched bog is to
reach a high in April and May with recharge from snowmelt
and to then steadily decrease from ET and runoff, reaching
a low prior to the next spring recharge (Boelter and Verry
1977). The uncharacteristic rise in the water table in
August, 1978, reflects unusually high precipitation, includ-
ing a 100 year storm. The effluent discharges did not inter-
rupt the normal trend, although the rate of drop was probably
less, and at no time during the effluent diséharge period
was the water table unnaturally high. A high water table,
more consistently maintained by effluent discharges, could

eventually adversely affect plant communities (Schwintzer

1978).

Peatland Processes and Wastewater Treatment

The functions of the lagoons are to allow settling of
particulate matter and to stabilize organic material. The
bog may continue this clean-up process in a number of ways

(Fig. 3). Hemic and sapric peats often have very low
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VOLATILIZATION Z 1 ; \

PRECIPITATICN ADSORPTION BOG DISCHARGE

Figure 3. Peatland processes related to wastewater treatment.
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permeability and hydraulic conductivity (Boelter 1965 and
Boelter 1969), providing an ideal environment for entrapment
and deposition of particulate materials.

Effluent organic material would enter natural cycles in
the bog. Organic peat soils provide a good substrate for
biological activity for the decomposition of easily oxidized
materials. The cool, moist, generally anaerobic environment
retards the decomposition of the more resistant organics,
leading to a net accumulation of energy in the system.

Some organic nitrogen and phosphorus compounds can also
accumulate in the humic sink. The average Kjeldahl N and
total P of six peat samples from sites 11 and 14 in the
treatment bog (Fig. 2) were 1.52% and 0.072% respectively.
Black et al. (1955) found Kjeldahl N contents of 1.0 to 2.0%
for Scottish peats, and Kaila (1956) reports N and P contents
of 1.50% and 0.058% respectively for Finnish sphaghum peats.

Tertiary treatment, generally defined in terms of
inorganic nitrogen and phosphorus removal, could be accom-
plished by utilizing the natural bog processes that regulate
the pool of soluble inorganic nutrients.

Complex nitrogen cycles or transformations make a
quantitative determination of the fate of applied nitrogen
very difficult (Keeney 1973 and Tusneem and Patrick 1971).
Nitrate nitrogen can be lost from the system through denitri-
fication processes, although the rate is relatively slow in
acid environments. Nitrates are biologically reduced in an

anaerobic environment to gaseous nitrogen compounds, which
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can then diffuse to the atmosphere (Bartlett et al. 1979,
Bouldin et al. 1974, and Engler and Patrick 1974).

Ammonia nitrogen can be lost in a similar way if a suit-
able aerobic/anaerobic interface exists. Effluent ammonia
or ammonia from mineralization of organic N in an anaerobic
environment can migrate along concentration gradients to
an aerated zone where biological oxidation to nitrite and
finally nitrate can proceed. The nitrates then migrate to
an anaerobic zone where denitrification processes are active
(Patrick and Reddy 1976, Patrick and Tusneem 1972, and
Patrick et al. 1976).

Obviously, hydrologic and climatological conditions that
govern moisture conditions, oxygen availability, and tempera-
ture would be important considerations for nitrogen dynamics
in a specific wetland at a specific time (Avnimelech 1971).
Gosselink and Turner (1978) discuss the overall importance of
the hydrologic regime in wetlands.

Ammonia is a cation and exists in solution in equilibrium
with ammonia adsorbed to exchange sites. Higher ammonia load-
ing to the bog, or lower hydrogen or other cation competition,
would cause an equilibrium shift to the adsorbed phase,
removing a portion of the ammonia. Humic materials typically
develop a high cation exchange capacity from formation of
acidic functional groups during decomposition (Puustjarvi
1956 and Walmsley 1977). The average CEC of 6 peat samples
from sites 11 and 14 in the Drummond bog was 191.3 me/100 g

(0.D.W.) peat. Ammonia removed by this process can generally
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be mobilized if changing conditions cause the equilibrium to
shift, such as precipitation dilution or plant uptake lower-
ing the ammonia concentration in solution.

Organic peat soils also have a potential for fixing
ammonia in>a non-exchangeable organic form. Burge and
Broadbent (1961) suggested that the fixation reaction involves
ammonia reactions with phenolic hydroxyl groups. Ammonia
volatilization at a pH above 8 has also been suggested as a
primary mechanism for nitrogen removal (Bouldin et al. 1974).
Because of the well buffered acidity of sphagnum peats, vola-
tilization is probably not a significant consideration‘at
present.

Soluble phosphorus can be removed from solution by
adsorption, precipitation, and coprecipitation reactions,
especially in association with Ca, Fe, and Al cations (Damman
1978, Doughty 1930, Kaila 1959, Larsen et al. 1958, Larsen
et al. 1959, Pereverzev and Alekseyera 1965, and Wondrausch
1969). Phosphorus adsorption and precipitation equilibria
can proceed in either direction depending on ambient condi-
tions, such as pH, concentration of strong humic chelating
agents, and redox conditions.

Maximum phosphorus fixation with Fe and Al occurs within
the pH ranges of 2.5-3.5 and 3.5-4.0 respectively because of
lower stability of iron and aluminum oxides (Bradley and
Sieling 1953, Lucas and Davis 1961, and Swenson et al. 1949).
While sphagnum bogs are generally very acidic, competition by

soluble humic anions for metal cations would tend to increase
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phosphorus solubility (Bradley and Sieling 1953, Deb and

Datta 1967, Larsen et al. 1959, Struthers and Sieling 1950,
Swenson et al. 1949, and Wondrausch 1969). On the other

hand, enrichment of cations in the ombrotrophic bog by
complexation with natural organic ligands may eventually
increase phosphorus fixation through the formation of organo-
metallic-phosphates (Sinha 1971). Soluble heavy metal complex-
ing agent concentrations up to 59.1 mg/L Cu equivalent chelat-
ing capacity were found in the Drummond bog interstitial water
(Mechenich 1979).

Reduction of ferric iron in anaerobic environments, and
the corresponding mobilization of phosphorus, is well docu-
mented (Cole 1975 and Mortimer 1941). However, anaerobic
soils can actually have a greater phosphorus fixation poten-
tial when soil phosphorus solutions are high (Khalid et al.
1977 and Patrick and Khalid 1974). Although reduced ferrous
iron reacts less strongly with phosphorus, it apparently
presents a greater reactive surface area than ferric iron.

Obviously the character of the effluent itself will have
a continuing effect on phosphorus dynamics as change in pH,
cation loading to the bog, and dilution of natural organic
complexing agents occur.

Plant and microbial assimilation of inorganic nutrients
and immobilization in organic form is an important seasorial

process. Harvesting of plant biomass for nutrient removal

from the system is often uneconomical or is inefficient

(Spangler 1977), and therefore the return rate of nutrients
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by decomposition could be a limiting factor. Some nutrients
will be retained in humus or long-term storage in woody
biomass. Damman (1978) and Pakarinen and Tolonen (1977) also
showed that N and P are actively conserved by living sphagnum.
Changes in decomposition rates by wastewater application
could have a considerable impact on the long-term net reten-
tion of nutrients. Increases in the decomposition rate could
release large amounts of inorganic nutrients (Nicholls and
MacCrimmon 1974 and Hortenstine and Forbes 1972). Wastewater
application could eventually increase or decrease the decompo-
sition rate according to the net effect of changes in such
factors as bacterial populations, pH, and moisture conditions.
From the preceeding discussion, it is apparent that
considerable knowledge of the basic wetland processes is
available, but a prediction of the functioning inter-relation-
ships of the various peat/soil/water components under varying
hydrologic and effluent loading conditions is difficult at
this time. From extensive research on a sphagnum bog in
northern Minnesota, Verry (1979) found that the peatland
almost always retained, through the net effect of physical,
chemical, and biological processes, a portion of the nutrient
input, even during the spring runoff. Annual retention of

P and N were 60% and 50% respectively.



MATERIALS AND METHODS

Field Sampling

Water quality samples were collected at 39 surface water
and well monitoring sites (Fig. 2), including:

26 wells at three depths at 12 sites in the treatment
bog (sites 01 to 34),

2 surface water lagg (moat) sites in the treatment bog
(sites 67 and 68),

the treatment bog discharge (weir site 60),

2 wells in the lower wetland receiving runoff from the
treatment bog (sites 51 and 52),

3 depths, surface, middle (~ 10 feet), and bottom (~ 18
feet), in Weso Lake (site 75),

3 wells at 2 depths in the control bog, hydrologically
isolated from the treatment bog (sites 41 and 42),
and

2 drilled wells to the regional groundwater (sites 81
and 82).

Sampling in the treatment bog concentrated on shallow inter-
stitial water where maximum effluent impact was anticipated
(Fig. 4). Wells sampling the upper peat at an average depth
range of .15 to .6 meters were installed at each site, and
wells at an average depth range of .4 to 1.0 meters were
located at most sites. In addition, deeper wells at a 2.0 to
2.6 meter depth were located at sites 11, 14, and 32.
Throughout this report, the three well depths will be simply
referred to as .4, .7, and 2.3 meter wells respectively.

A .4 meter well was installed at both sites in the
control bog and in the lower bog. A 2.3 meter control well

was also located at site 42.

4 £
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Figure 4. Location and depth of monitoring wells in the
Drummond treatment bog. (See Figure 2. for location of
other sampling sites.)
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The 0.4 meter wells were conatructed with 6 inch diame-

ter PVC pipe with numerous large openings covered with 8x8
galvanized screen. The 0.7 and 2.3 meter wells were 1.5 inch
diameter PVC pipe with narrow slits for water entry at the
appropriate depth.

Samples from the bog wells were collected by pumping the
wells dry with a small hand pump, then pumping a fresh sample
the following day if sufficient recharge had occurred. Dis-
solved oxygen samples were collected when the wells were
initially pumped, being careful to maintain airtight pump
connections and to minimize disturbance when insérting the
collection hose.

The two regional groundwater wells were 4 inch drilled
wells. Sampling was best accomplished with a PVC bailer
because of the depth to the static water level (85 feet at
site 81 and 75 feet at site 82).

Grab samples were used for monitoring the bog discharge
and the lagg sites. Samples from the appropriate depths in
Weso Lake were collected with a van Dorn water sampler.

Precipitation samples, including dry fall, were also
collected for chemical analysis for nutrient budgeting.
Samples were collected at the USFS weather station in
Drummond and frozen for analysis later. Several snow samples
from the bog area were also included.

Composite samples of most lagoon effluent discharges to
the bog were collected by the treatment system operator and

frozen for analysis later. Grab samples from the primary
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and final secondary lagoon were also taken on several
occasions. |

Sampling at most sites was conducted twice a month in
summer and monthly in winter, weather permitting. Sampling
began in October, 1977, and continued through 1978 and 1979.
Data collected before December, 1977, is not included in the
results and discussion because of nonuniform sampling or
analytical procedure as methods were developed. Occasionally
a sample could not be collected at a site because of insuffi-
cient seepage inté the well during the sampling period. Very
low hydraulic conductivity or low water table at the 2.3
meter 32 site and the .4 meter 52 site prevented regular
sampling, and therefore the limited data from these sites is
not included in the results.

Samples for general chemical analysis were collected in
one liter polyethylene bottles, which had been stored filled
with distilled water. Separate sterilized bottles were used
for samples for bacteriological analysis. Acid washed poly-
ethylene bottles were used when metal analyses were performed.

Samples were transported or sent to the Environmental
Task Force Lab at the University of Wisconsin, Stevens Point,
generally the day of collection. Samples were stored at 4° ¢
until analyses were complete, usually within one week.

Along with water sample collection, temperature and
depth to perched groundwater were often measured. The perchéd
water table height in relation to the peat surface was esti-

mated by inserting a meter stick into a well and noting the
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distance to the water line. This measurement was corrected
for the volume of the meter stick submerged and the distance
from the peat surface to the well top. Only wells where the
water level returned to the prepumping height within one day
after pumping were used, indicating sufficient water move-
ment to equilibrate the well water level to the general bog
level. Also, only .7 and 2.3.meter wells were considered
because these wells extended deep enough into the peat to
minimize vertical movement of the well itself from expansion
and contraction of the peat exposed to changing moisture
conditions and from walking near the wells in the spongy
peat soil.

Peat samples were collected with a PVC coring device
with a piston to reduce compaction and to hold cores with
high water content. The design and operation of the corer
was similar to the peat corer described by Redfield (1975).
Composite samples were collected from 3 random cores at each

sampling location and stored in plastic bags at 4° ¢c.

Water Quality Analysis

Routine laboratory chemical analyses included pH,
conductivity, chlorides, COD, BOD5, reactive and total P, and
ammonia, nitrite-nitrate, and Kjeldahl N. Alkalinity, total
and calcium hardness, dissolved oxygen, B0OD20, fecal coliforms,
fecal streptococcus, color, and total suspended solids were
also determined on some samples.

All samples, except lagoon effluent, bog discharge, and
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Weso Lake samples after April, 1979, were filtered through
Whatman GF/C filters for COD, BOD, P, N, and metal analysis
because of the high and irregular amounts of solids, espe-
cially in .4 meter well samples. Weso Lake samples before
May, 1979, were filtered because of high turbidity from
runoff from the lagoon construction site. Effluent samples
were not filtered, except COD, total P, and Kjeldahl N were
determined on filtered and unfiltered portions.

The nitrogen forms and total P were determined with a
Technicon Autoanalyzer (Technicon 1977). Chlorides were
determined with a specific ion electrode, and color was
determined according to the proposed method of the Canadian
Pulp and Paper Association (1974). Other tests followed

procedures listed in Standard Methods (1976). Dissolved

oxygen was determined by the azide modification of the
_Winkler method, reactive P was measured by the stannous
chloride method, utilizing a partial color blank correction,
and bacterial determinations were according to membrane
filter techniques.

Biological oxygen demand was determined without seeding
because values for 27 pairs of seeded and unseeded duplicate
samples from bog wells were not significantly different at
the .05 level. A significant BOD increase (60%) was noted
for 19 seeded regional groundwater samples. Indigenous
biological activity, indicated by strongly positive coliform

tests, and the limited ability to adequately flush the wells,
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led to the use of the unseeded vales. Higher seeded values
may have been caused by the introduction of organisms in the
seed that were better suited for degradation of oil and
grease pollutants evident from the well installation. While
unseeded values were used in this report, seeded values for
the regional groundwater can be calculated by the relation-
ship: seeded BOD = 0.453 + 1.30(unseeded BOD), R%=83.6%.
Metal analyses were performed on acid preserved samples

(5m1 HNO,:11liter sample) that were digested with nitric acid

3
according to Standard Methods (1976). Sodium and potassium

were determined by flame photometry and all other metals were
determined with a Perkin Elmer Model 360 atomic absorption

unit.

Peat Analysis

Peat analysis for total Kjeldahl N by acid digestion
followed by steam distillation was according to Bremner
(1965). Wet samples as collected were used, and the results
calculated to a dry weight basis according to % moisture
determinations (at 105°C) on other portions of the samples.

Peat digestion for total P and metals was by dry ashing
and HCl extraction of the ash (Isaac and Kerber 1971). A wet
sample was placed in a tared crucible, dried at 105°C, and
weighed to determine exact dry weight before ashing. Phos-
phorus in the HC1l extract was measured by the stannous

chloride method (Standard Methods 1976), and metals were

determined as described for water samples.
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Cation exchange capacity was calculated by summation
(Chapman 1965). Exchangeable base cations were determined on
a 1N neutral ammonium acetate extract, generally according to
Pratt (1965), and exchange acidity was determined by HC1
titration of a BaClZ—triethanolamine extract according to

Peech (1965).

Leaching Studies

Peat cores were collected using the coring devicé
described for peat sampling. Separate transparent acrylic
coring tubes were used for each core to minimize disturbance.

Wastewater leached through the cores was final, unchlor-
inated effluent from the Stevens Point, WI municipal treat-
ment plant (activated sludge process), and the Junction City,
WI sewage treatment lagoons. The effluent was leached through
the cores by maintaining a head over the peat surface using
a Mariotte siphon. Leachate was collected at the bottom of
the cores through gravel filter beds. The experimental setup
was similar to that of Lance and Whisler (1972), except no
provision for gas collection was included.

Experiments were run in duplicate or triplicate at 5°C
in a controlled environment chamber. Experimental variables
that were investigated included: 1location of the peat cores
within the bog, rate of leaching, effect of a dry (aeration)
cycle, and effect of water flushing on retained nutrients.

Three separate leaching runs were made with the follow-

ing conditions:




Run #1:

Run #2:

Run #3:
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Three cores (average length=27 cm, diameter=8.8
cm), collected between sites 32 and 33 (black
spruce wooded area), were continuously leached
with Junction City effluent at the rate of
approximately 1.25 bed volumes (amount equal to
the volume of the core) per day. After approxi-
mately 20 bed volumes, the cores were drained

to field capacity and then approximately 10 bed
volumes of water were leached through the cores.

Three cores (average length=33 cm, diameter=3.45
cm), collected near site 11 (open wooded and
brushy area), were leached with Junction City
effluent at the rate of approximately 0.2 bed
volumes per day until a total of 21 bed volumes
were leached.

Two cores (average length=26 cm, diameter=8.8
cm), collected between sites 23 and 33 (wooded
area with no brush), were leached with Stevens
Point effluent at the rate of approximately 1.4
bed volumes per day until a total of about 15
bed volumes was reached. The cores were drained
to field capacity, exposed to the air for one
month, and then leached with Stevens Point efflu-
ent for approximately 10 bed volumes. Finally,
the cores were leached with 15 bed volumes of
water.

Nutrient Budgeting

overflow.

Sufficient hydrologic data was available from the USFS

to calculate rough nutrient budgets for the treatment bog
during the 1979 effluent discharge period and a correspond-
ing 1978 baseline period. Because the bog appears isolated
from the regional groundwater and has no defined surface
inflow, the only nutrient inputs considered were precipitation
and effluent discharges, and the only output was the weir
Nutrients picked up in overland flow from the
surrounding moraines were not measured but should be low for

most of the precipitation events. Rainfall must exceed 1.25
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inches within a 3 day period before significant runoff from
the highland is included in the water budget (Kappel 1979).
Omitting the overland input would tend to minimize calculated
nutrient removals. The bog basin appears hydrologically
tight, and therefore nutrient exit by underflow should have
been insignificant.

Nutrient values not available for precipitation or
effluent inputs were interpolated from available bracketing
data. The bog discharge samples were collected approximately
every 2 weeks and the associated discharge volume was general-

ly the sum of flows * one week from the sampling date. .

Statistical Analysis

T-tests, regression analysis, and analysis of variance
presented in this report were performed utilizing the Minitab
statistical package (Ryan et al. 1976) on a Burroughs 6700
digital computer. A "two sample t-test" was used to compare
means of before/after (effluent application) concentrations.
This form of the t-test did not require the two populations
to have equal variances, which in some cases were greatly
different. Data populations compared with the t-test were
restricted to similar times of the year to uniformly include

normal seasonal changes.



RESULTS AND DISCUCSION

The overall baseline water quality of the bog discharge
(Table 1) was generally representative of a perched, ombro-
trophic bog (Boelter and Verry 1977, Gorham 1956, and Verry
1975). Especially notable were the low pH and conductivity
(ion poor water). The Sphagnum mosses typical in perched
bogs are acidic, exchanging hydrogen ions for base cations in
solution (Bell 1959, Clymo 1964, and Clymo 1966). Puustjarvi
(1968) reported cation exchange capacities ranging from 95 to
141 me/100g for several Sphagnum species. Peat soils derived
from Sphagnum mosses are also acidic from production of
organic acids during decomposition. The high chemical oxygen
demand reflects the production of soluble organic acids.
These dissolved organic materials are generally very resist-
ant, as indicated by the low BOD. Nitrogen and phosphorus
leaving the bog was primarily in a soluble organic form.

The secondary effluent discharged to the bog in 1979 was
probably not representative of what the effluent will be in
the future because the lagoons were initially diluted with
water from Lake Drummond. Although N and P were low in the
effluent, comparison to the bog discharge revealed signifi-
cant differences (Table 1). In the effluent, phosphorus was
slightly higher, pH, chlorides, conductivity, and suspended
solids were considerably higher, while COD was much lower.

An evaluation of individual parameters is presented in

the following sections. A baseline characterization and an

Y4
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Table 1. Average water quality of the bog discharge
(baseline sampling from December, 1977, to June, 1979) and
the lagoon effluent discharged to the bog (June through
October, 1979). Effluent averages are flow weighted.

Bog Discharge Lagoon
(Weir site 60) Effluent

Parameter Mean S.D. N Mean N

pH L,11 A4 17 8.27 15

Conductivity L2 6 17 273 15
umhos/cm

Alkalinity 0 0 6 73 15
mgCaCOB/I

Total Hardness 9.0 2.6 5 93 15
mgCaCOB/L

Ca Hardness 6.8 1.8 5 59 15
mgCaCO3/I

Chloride mg/L <1.0 - 15 Ls 15

COD mg/L 114 - 27 17 28(20) 15

BOD5 mg/L 1.2 L 16 1.9 15

BOD20 mg/L 2.1 .8 3 7.1 3

Ortho P mg/L .018 .010 16 . 047 15

Total P mg/L .042 .021 17 . .163(.092) 15

NH, N mg/L .03 . 04 16 .06 15

NO2-3 N mg/L .01 .02 17 <.02 15

Kjeldahl N mg/L  1.00 .38 17 1.15(0.95) 14

Fecal Coliform 7 1.5 7 5* 5
col/100ml

Total Suspended 1.7 3.3 9 20.6 12

Solids mg/L

1 Average of grab samples from secondary lagoon.
() Denotes filtered value.
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evaluation of the effluent impact and treatment efficiency
were made. The baseline evaluation is especially important
in order to quantify effluent impacts and also to facilitate

comparisons to other potential sites.

Chloride

Chloride ions are mobile and could be used to trace
where and how fast the effluent moved in the bog. Choride
increases were a sensitive indicator of the presence of
effluent because all sites, except for the regional ground-
water wells, had very low average baseline chlorides, often
below the detection 1limit of 1.0 mg/L (Table 2). No signi-
ficant trends with season, location in bog, or depth in peat
were noted.

Analysis of chloride concentration increases at treat-
ment bog sites in the last half of the 1979 effluent dis-
charge period indicated that the effluent primarily moved
horizontally across the bog. Average chlorides at the 0.4
meter sites increased to 24.7 mg/L, while the 0.7 meter sites
increased to only 4.7 mg/L. No change was seen at the 2.3
meter sites. A high water table throughout the 1979 summer
(Fig. 1), and low hydraulic conductivity in the deeper, more
decomposed peat, probably limited vertical flow.

Six 0.7 meter sites eventually experienced significant
chloride increases, although lower than at 0.4 meter sites
(Figure 5). Increases in 0.7 meter wells near the effluent

discharge probably reflected vertical movement induced by




Table 2. Average chloride concentrations (mg/L) for the
Drummond system. Averages for the effluent discharge period
were based on samples collected in the last half of the 1979
discharge period.

esetine  Hfbent
Site

Mean  S.D. N Mean N

Treatment Bog: 0.4 Meter 1.1 0.7 284 24,7 n2
0.7 Meter <1.0 0.6 216 L.7 60

2.3 Meter 1.0 0.8 L8 <1.0 9

Lagg: Site 67 <1.0 - 1 1.6 6
Site 68 1.1 1.4 6 8.0 5

Bog Discharge: Site 60 <1.0 0.4 15 18.2 6
Lower Bog: Site 51 1.2 0.7 16 11.5 6
Weso Lake: Surface 1.1 0.5 5 1.6 5
Mid 1.0 0.2 5 1.0 5

Bottom 1.0 0.2 5 1.0 5

Control Bog: 0.4 Meter 1.1 0.6 47 <1.0 12
2.3 Meter <1.0 0.3 25 <1.0 6

Regional Sites 81 6.9 5.7 33 3.1 9

Groundwater: and 82

effluent mounding near the discharge pipe. Other increases
may have resulted from vertical movement in localized areas
of less dense peat. The increase at the 0.4 meter 21 site
was the smallest for any 0.4 meter site. Site 21 was the
farthest from the normal drainage to the bog outlet and

apparently very little effluent backed up to that location.
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Figure 5. Average chloride concentrations (mg/L) in the
Drummond bog at 0.4 meter sites (A) and 0.7 meter sites

(B) during the last half of the 1979 effluent discharge

peri;d. A1l baseline concentrations were approximately

1 mg/L.

A time analysis of the horizontal flow was made by
plotting the 20 mg/L chloride isoline for various sampling
dates based on the 0.4 meter well values (Fig. 6). The
effluent moved from the gated discharge pipe to the bog
outlet, with a major flow path on a northwest diagonal
through sites 32, 23, and 13. Surface flow in the lagg zone
did not adversely affect the effluent dispersion, as indica-
ted by lower chloride increases at the lagg sampling sites
than at the 0.4 meter sites. However,.effluent flow into

the lagg zone adjacent to the weir pond was noted. Effluent




Figure 6. Twenty mg/L chloride isolines (based on 0.4 meter
sites) in the Drummond bog at various times during the 1979
effluent discharge period.
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dispersion within the bog can be influenced by local differ-
ences in vegetation density, slope, peat hydraulic conduc-
tivity, hummocky topography, and uneven distribution of
effluent from the gated irrigation pipe. Effluent disper-
sion at the Drummond site appeared adequate for treatment
purposes.

The bog discharge chloride concentration increased from
less than detection to 18.2 mg/L during the effluent discharge
period, which still represented a 60% reduction of the average
effluent chloride concentration. The high reduction indicates
a large volume of water was avialable for dilution. Based on
total effluent and precipitation loading, a 56% retention
of chlorides was achieved by the bog during the 1979 discharge
period. Future dilution potential will reflect the combina-
tion of precipitation, evapotranspiration, and flow from
parts of the watershed not included in the treatment process.

The effluent impact on Weso Lake was minimal because of
the large volume of water available for dilution compared to
the flow from the treatment bog. A slight chloride increase
in surface waters was noted (Table 2), although it was not
statistically significant. A chloride increase from 1.2 to
11.5 mg/L was measured at the 0.4 meter 51 site in the lower
bog.

The time period used for calculating the baseline
averages for Weso Lake was limited to the period from June

through October when the Lake was stratified. Complete
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turnover did not occur until November in 1978 and 1979;
therefore the restricted baseline period represented a
relatively static lake condition facilitating comparisons to
detect effluent impacts. This baseline for Weso Lake will
be consistently used throughout this report.

Chloride concentrations did not change significantly

in the control bog or in the regional groundwater.

Conductivity

Conductivity is a measure of the water's ability to
conduct an electric current, and is therefore an index of
the amount of dissolved ionic solids. Conductivity of the
interstitial bog water was low but typical for an ion poor
perched bog (Table 3). Weso Lake had the low conductivity
characteristic of a dystrophic bog lake.

Conductivity decreased with depth in the treatment bog.
Greater ionic activity near the peat surface could reflect
the flux of materials in the plant uptake - decomposition
cycle. The relatively high conductivity at 0.4 meter sites
also reflected contamination from the wells themselves. Lab
tests found conductivity increases up to 52 umhos from corro-
sion of the galvanized screen used in the wells. The exact
amount of contamination is unknown and therefore the conduc-
tivity measurements at 0.4 meter sites should only be used

for analyzing relative changes after effluent addition.
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Table 3. Average conductivity (umhos/cm) for the Drummond
system and % change after effluent application based on
average values for the last half of the 1979 effluent
discharge period and the corresponding 1978 baseline period.

Baseline
Site % Change
Mean S.D. N

Treatment Bog: 0.4 Meter 89 L 299 +58%+

0.7 Meter A48 10 226 +19%+

2.3 Meter 40 7 53 +13%
Bog Discharge: Site 60 42 6 17 +89%* %
Lower Bog: Site 51 54 22 16 +15%
Weso Lake: Surface 23 3 5 0%

Mid 27 1 5 +1449%

Bottom 34 2 5 -1%
Control Bog: 0.4 Meter 124 54 51 -2%

2.3 Meter 4o L 25 -2%
Regional Sites 81 113 52 35 +5%

Groundwater and 82

t+ See Figure 8. for significance of individual % changes.
# Significant at 0.05 level.
#*% Significant at 0.01 level.

The 0.4 meter well contamination is also reflected by
the large conductivity difference between the bog discharge
and the 0.4 meter sites. The low conductivity of-the bog
discharge could also reflect flow from the lagg zones,
which had an average conductivity of 35 umhos/cm, although
the bog discharge phosphorus concentrations did not reflect

a significant lagg impact.
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Very little seasonal conductivity variation was noted
for 0.7 and 2.3 meter wells and the bog diécharge, which
facilitates identifying effluent impacts (Fig. 7). The 0.4
meter wells were more variable, with dilution during the
spring snowmelt period the most apparent change. Well
contamination was also a likely source of variation,

especially in reference to spatial variation between the
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Figure 7. Seasonal conductivity trends for the Drummond bog.
The line marked "D" indicates the start of effluent dis-
charges to the bog.
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Figure 8. Average baseline conductivity (umhos/cm) in the
Drummond bog at 0.4 meter sites (A) and 0.7 meter sites (B)
and % change () after effluent application based on average
values for the last half of the 1979 baseline period. (* %
change)significant at 0.05 level, ** gignificant at 0.01
level.

0.4 meter wells (Fig. 8). Little spatial variability was
observed at 0.7 meter sites, except for lower values at
sites 11 and 12.

The conductivity of the effluent (273 umhos/cm) was
much higher than the peatland background. Much of this
conductivity was due to the activity of mobile ions such
as Na¥ and c1”. Therefore, conductivity increases in the
bog system mirrored the chloride changes after effluent

application.
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All 0.4 meter sites, except site 21, had a significant
conductivity increase (Fig. 8). Three 0.7 meter sites signi-
ficantly increased, corresponding to thé larger chloride
increases noted at that depth. The 2.3 meter sites did not
change significantly.

Conductivity could therefore be used as a general and
easily measured index of the amount of effluent interaction.
For example, conductivity increases quickly identified
effluent water leaving the bog as well as the effluent
impact at the 0.4 meter sites in the bog (Fig. 7).

Although the bog discharge conductivity incfeased 89%,
the effluent conductivity was reduced 70% by passage through
the bogf Since a considerable portion of the effluent con-
ductivity was related to chloride activity, dilution was the
primary reduction mechanism. With the large water content of
peat soils (Boelter 1964), a volume of water at least equal
to the 6.8 acre-feet of effluent discharged to the bog was
available in the bog for dilution.

There was little effluent impact on conductivity outside
of the treatment bog, as indicated by the lack of significant
conductivity changes in the regional groundwater, the control
bog, and at sites below the treatment bog (Table 3). The
conductivity at site 51, the first site below the treatment
bog, increased, but not significantly within the normal

variation.
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The high pH, characteristic of lagoon effluent, could
have a severe impact on the biological communities in the
receiving system. Highly acidic peat bogs have a character-
istic flora and fauna adapted to the low\pH. Effluent appli-
cations therefore have the long-term potential to drastically
alter the structure and composition of existing peatlands
(Bevis and Kadlec 1979). Also, more immediate changes in pH
could affect adsorption and precipitation equilibria impor-
tant to the wastewater treatment potential of the peatland.

The Drummond bog appears to have a large acidic buffer-
ing capacity to resist pH changes. In addition to active .
ion exchange by the mosses, in which some cations are pre-
ferentially absorbed and hydrogen ions released, the peat and
soluble organic materials also have considerable exchange
acidity. An average exchange acidity of 178 me/100g 0.D.W.
peat was found for 6 composite peat samples collected at
sites 11 and 14. Therefore, little effluent impact on the
bog pH was expected during the first year of operation, even
though the average effluent pH was 8.27.

The baseline pH at 0.7 and 2.3 meter sites and the bog
discharge was the characteristic low pH of a perched bog
(Table 4). Similar to conductivity, the higher pH at 0.4
meter sites was apparently a sampling anomaly caused by a
reaction between the acid water and the galvanized screening

used in the wells. Lab tests measured pH increases of 2 to 3




39

Table 4. Average pH for the Drummond system during the
baseline period and the last half of the 1979 effluent
discharge period. The values enclosed in parentheses are
baseline values restricted to the 1978 time period corres-
ponding to the last half of the effluent discharge period.

Overall Baseline D?ggiggggd
Site '

Mean S.D. N Mean
Treatment Bog: 0.4 Meter 5.66 .54 299 6.47 (6.39)
0.7 Meter 4.09 2L 266 4.08 (4.20)
2.3 Meter 4.88 .37 53 4.89 (4.99)
Bog Discharge: Site 60 L.,11 A4 17 L.06 (4.18)
Lower Bog: Site 51 5.90 .39 16 6.15 (6.23)
Weso Lake: Surface 5.77 .18 5 5.88 (5.86)
Mid 5.63 .18 5 5.71 (5.71)
Bottom 5.96 .18 5 6.03 (6.03)
Control Bog: 0.4 Meter 5.79 .53 51 6.32 (6.24)
2.3 Meter 4.39 19 25 h.o57 (4.54)
Regional Sites 81 8.53 .62 35 9.30 (9.18)

Groundwater and 82

units in acid bog water when placed in contact with the
screen for one day. Field pH measurements of interstitial
water near the peat surface adjacent to 0.4 meter wells
yielded an average value of 3.63 compared to the baseline
average of 5.66 at 0.4 meter sites. The pH is generally
lowest near the peat surface becagse of cation exchange by
the live mosses and possibly greater production of organic

acids (see section on COD).
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Little seasonal variation was noted for the 0.7 and 2.3
meter wells and the bog discharge (Fig. 9). The 0.4 meter
sites were more variable. There appeared to be a net over-
all increase at the 0.4 meter sites across the baseline
period, which may indicate increased interference as well
screening deteriorated.

From the chloride and conductivity analysis, it was

apparent that the 0.4 meter sites would show any effluent
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Figure 9. Seasonal pH trends for the Drummond bog. The
line marked "D" indicates the start of effluent discharges
to the bog.
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impact first. A slight pH increase was noted for the 0.4
meter well average (Table 4), although the increase may have
been a continuation of the rising baseline trend. The
largest pH increases at the 0.4 meter sites generally did not
correspond to the sites that had the largest chloride increases,
which implies that the changes were not directly related to
the effluent. The pH of the 0.7 and 2.3 meter sites and the
bog discharge decreased slightly during the 1979 effluent
discharge period.

The control bog, the regional groundwater, and the éites

below the treatment bog also had little pH change.

COD and BOD

Chemical and biological oxygen demand are important
components of wastewater discharges to receiving waters
because of the adverse impact lowering the dissolved oxygen
could have on the natural biological communities. BOD5 is
an index of the immediate oxygen stress on the receiving
water, while COD represents a long-term impact, often
equated to ultimate BOD.

COD in the interstitial bog water was high, as would be
expected in a highly organic system (Table 5). The 0.4 and
0.7 meter sites had statistically higher COD, at the .05
level, than the 2.3 meter sites, indicating greater produc-
tion of soluble humic materials in the upper, younger peat

horizons. The dark brown color characteristic of bogs is
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Table 5. Average COD (mg/L) for th> Drummond system and %
change after effluent application based on average values
for the last half of the 1979 effluent discharge period and
the corresponding 1978 baseline period.

Baseline
Site % Change
Mean S.D. N

Treatment Bog: 0.4 Meter 145 32 298 ; -L5%4

0.7 Meter 139 27 225 ~14%4

2.3 Meter 119 Lé 53 -17%
Bog Discharge: Site 60 114 27 17 - 377**
Lower Bog: Site 51 78 22 16 -29%
Weso Lake: Surface Ly 17 5 +3%

Mid 60 48 5 -12%

Bottom 69 Lo 5 —6%”
Control Bog: 0.4 Meter 156 33 51 -10%

2.3 Meter 135 17 25 -1%
Regional Sites 81 7 5 34 +33%

Groundwater and 82

+ See Figure 11. for significance of individual % changes.
* Significant at 0.05 level.
**vSignificant at 0.01 level.

primarily caused by resistant soluble organic material
included in the COD determination. The average color for
the 0.4, 0.7, and 2.3 meter sites was 486, 311, and 205 PtCo
color units respectively, based on limited sample collection
in April and August, 1978. The bog discharge was comparable

to the 2.3 meter sites. Settling of organic materials and
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aerobic oxidation in the weir pond and restricted transport
of high molecular weight organic compounds through dense peat
could have prevented a greater similarity to the higher COD
of shallower interstitial water.

Wells in the control bog followed the same pattern with
depth, although values were slightly higher overall. The
control bog was a younger system and active fofhation of
soluble humic acids was greater.

Downstream from the treatment bog, COD was much lower at
site 51 and still lower in Weso Lake. Site 51 was located in
an area of shallow organic soil over clay and the inorganic
nature of the soil was evident compared to the peat soils of
the treatment bog.

The regional groundwater, in a glacial sand and gravel
aquifer, had very low COD as would be expected.

An analysis of seasonal COD trends revealed greatest
variation at 0.4 meter sites (Fig. 10). Dilution during
spring runoff was especially pronounced at that depth. The
response in deeper wells was muted because of less water
movement. During the early spring periods, the 0.7 meter
sites actually had higher COD than the 0.4 meter sites.
Through the 1978 summer, COD increased probably as a result
of greater biological activity with warmer temperatures
(Fig. 1), leading to an accumulation of resistant partial’
decomposition products. 1In the fall, a drop in production

and possibly flushing by precipitation lowered COD levels.
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Figure 10. Seasonal COD trends for the Drummond bog. The
line marked "D" indicates the start of effluent discharges
to the bog.

Significant COD spatial variability, at the 0.05 level,
was also an important baseline characteristic (Fig. 11).
Baseline averages at 0.4 meter sites ranged from 126 to 166
mg/L, and 0.7 meter sites ranged from 95 to 163 mg/L.

Different biological activity and peat characteristics that
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Figure 11. Average baseline COD (mg/L) in the Drummond bog
at 0.4 meter sites (A) and 0.7 meter sites (B) and % change
() after effluent application based on average values for the
last half of the 1979 effluent discharge period and the
corresponding 1978 baseline period. (* % change significant
at 0.05 level, ** significant at 0.01 level.)

influenced COD concentrations may also result in localized
differences in wastewater treatment.

The effluent COD (28 mg/L) was much lower than the bog
background and dilution of COD in the bog was apparent.
Immediately after effluent applications began, the 0.4 meter
well average dropped, eventually below the 0.7 meter well
average (Fig. 10). This was consistent with the effluent
movement through the surface peat as described by the chlor-

ides. The decline in the bog discharge COD concentration was
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also apparent after a short lag time.

All 0.4 meter sites dropped significantly, except site
21 (Fig. 11). Less effluent mixing at greater depths was
reflected by fewer significant decreases at 0.7 meter sites.
The bog discharge COD concentration decreased 37% to an aver-
age value of 85 mg/L, which represents a 204% increase for
effluent COD.

COD changes were not significant in the control bog, the
regional groundwater, or at sites below the treatment bog
(Table 5).

Total 1979 effluent COD loading to the bog was only 243
kg (185 filtrable), compared to the discharge of 2580 kg of
COD from the bog during the 1978 summer/fall baseline period.
During the 1979 effluent discharge period, approximately 2000
kg of COD left the bog, or approximately 78% of the 1978
baseline discharge. While effluent COD loading was insigni-
ficant, the timing and amount of precipitation appeared to be
the most important factor in the COD budget. The greater
baseline discharge probably reflected high runoff and mater-
ial transport in response to the high precipitation in August,
1978 (Fig. 1), whéreas the carefully scheduled effluent dis-
charges did not exceed the assimilative capacity of the bog.

BOD5 was much lower than COD in the bog system (Table 6).
The high average COD:BOD ratio (74:1) indicated that most
dissolved organic material was very resistant to biological
breakdown.

BOD5 concentrations in the interstitial bog water were
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Table 6. Average BOD5 (mg/L) for the Drummond system and %
change after effluent application based on average values
for the last half of the 1979 effluent discharge period and
the corresponding 1978 baseline period.

Baseline
Site % Change
Mean S.D. N

Treatment Bog: 0.4 Meter 2.7 2.1 286 -38%+

0.7 Meter 1.1 0.7 215 +1 0%+

2.3 Meter 1.3 0.5 50 +47%
Bog Discharge: Site 60 1.2 0.4 16 +6%
Lower Bog: Site 51 2.3 2.0 16 -21%
Weso Lake: Surface 0.8 0.2 5 +39%

Mid 0.7 0.3 5 +21%

Bottom 1.1 0.3 5 +16%
Control Bog: 0.4 Meter 5.3 L,9 47 -11%

2.3 Meter 1.3 0.7 25 . -8%
Regional Sites 81 1.2 0.7 33 -14%
Groundwater and 82

+ See Figure 13. for significance of individual % changes.
*# Significant at 0.05 level.
## Sjgnificant at 0.01 level.

statistically highest at 0.4 meter sites because of fresher
organic matter depositions, especially recent litter fall.
The bog discharge reflected the lower values of the deeper
wells in the bog, similar to COD. Some BOD compounds may
have been degraded in the weir pond. Slightly higher BOD at
0.4 meter control sites reflected the youthfulness of that

system. Weso Lake BOD was low; with the highest values found
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in the hypolimnion because of settling of organic materials
and anaerobic conditions. The average regional groundwater
BOD was slightly higher than would be expected, possibly
because the wells could not be thoroughly flushed before
collecting each sample.

Seasonal trends were apparent at 0.4 meter sites in the

treatment bog (Fig. 12). A buildup of BOD compounds occurred
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Figure 12. Seasonal BOD5 trends for the Drummond bog. The
line marked "D" indicates the start of effluent discharges

to the bog.
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in the winter, whén flows were low and biological decomposi-
tion was slow from low temperatures (Fig. 1) and enforced
‘anaerobic conditions. BOD decreases in spring and summer
reflected snowmelt dilution and increased decomposition of
easily degraded organic material with higher summertime
temperatures. The high in August 1978 may reflect leaching
of BOD materials from the litter zone during large precipita-
tion events. Although the trend in deeper wells appeared to
follow the 0.4 meter wells, the significance of the changes
was hard to define within the standard error of the test and
the low baseline values. The bog discharge trend was also
difficult to interpret because changes were relatively small.
The 1978 summer peak may reflect a runoff-flushing event.

Little spatial variability was measured; most sites were
consistently low (Fig. 13). The 0.4 meter wells ranged from
1.6 to 2.3 mg/L, and the 0.7 meter wells ranged from 0.8 to
1.5 mg/L.

The average effluent BOD5 (1.9 mg/L) was within the
normal range for 0.4 meter sites, although a reduction by
filtration and biological oxidation probably led to the
decrease in BOD5 at most 0.4 meter sites (Figures 12 and 13)
during effluent application. High natural variation at some
sites, such as site 11, made_it impossible to define the
significance of apparent drops in BOD. No significant
changes were observed at 0.7 meter sites, except for a 57%
increase at site 31. Low BOD5 in the corresponding 0.4 meter

well at the same time implied no direct effluent impact,
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Figure 13. Average baseline BOD5 (mg/L) in the Drummond bog
at 0.4 meter sites (A) and 0.7 meter sites (B) and % change
() after effluent application based on average values for the
last half of the 1979 effluent discharge period and the
corresponding 1978 baseline period. (* % change significant
at 0.05 level, *¥ gignificant at 0.01 level.)

although leaching of BOD materials from the upper peat
because of the additional hydraulic head from the effluent
discharges could have been involved.

No significant BOD changes after effluent application
occurred at 2.3 meter sites in the treatment bog, the bog
discharge, the sites below thé treatment bog, the control
bog, or the regional groundwater (Table 6).

The average bog discharge concentration for the last
half of the effluent discharge period was 1.5 mg/L, repre-
senting a 21% reduction for the effluent BOD5. During the
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1979 effluent discharge period, 26.7 kg of BOD5 was discharged
by the bog compared to 25.0 kg during the corresponding base-
line period. Total effluent loading in 1979 was 16.3 kg,
considerably more than the increase in the bog discharge
indicating efficient BOD removal.

BOD20 was also measured on several occasions to deter-
mine the relationship to BOD5 and the potential of the efflu-
ent to alter discharge of long-term BOD. The average back-
ground BOD20, based on samples collected in February, May,
and October, 1978, and May, 1979, ranged from 2.1 mg/I in the
bog discharge to 11.3 mg/L in the control bog, compared to
7.1 mg/L for the effluent (Table 7). BOD20:BOD5 ratios
ranged from 2.0:1 to 3.1:1, with an effluent ratio of 3.0:1.

The effluent average reflects only 3 samples collected in

Table 7. Average BOD20 (mg/L) for the Drummond system for
baseline conditions and after effluent application.

Site Baseline Discharged
Mean BOD20:5 Mean BOD20:5

Treatment Bog: 0.4 Meter 5.2 2.0 2.2 2.1
0.7 Meter 2.7 3.1 3.0 2.7

2.3 Meter 2.8 2.3 3.6 2.2

Bog Discharge: Site 60 2.1 2.6 3.0 3.0
Lower Bog: Sité 51 3.1 1.8 | 2.7 1.8
Control Bog: 11.3 2.4 3.2 2.8
Regional Groundwater: 2.2 3.0 2.6 2.5
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October, 1979, and therefore was probably not representative.
Applying the effluent ratio to the average effluent BOD5
concentration yielded a calculated average effluent BOD20 of
5.7 mg/L. Based on one determination in November, 1979,
after effluent application, no significant increases were

noted for BOD20 levels or BOD20:BOD5 ratios.

Phosphorus

Phosphorus is an important and often limiting nutrient
for plant communities in surface waters. Tertiary treatment
‘reduces phosphorus to prevent unwanted growth of macrophytic
and algal communities and the resultant problems from accel-
lerated eutrophication.

The baseline phosphorus chemistry for the bog system
exhibited a high degree of natural variability relating to
differences with depth, location, and time of year. Soluble
total P concentrations were statistically different at three
sampling depths in the treatment bog, and decreased with
depth (Table 8). Ortho P was significantly higher only in
0.4 meter wells. Higher P in shallow interstitial water
may reflect the conservation and cycling of nutrients by the
plant communities in ombrotrophic bogs.

Like BOD and COD, P in the bog discharge did not reflect
the higher values of the 0.4 meter sites. Phosphorus concen-
trations in the bog discharge were also considerably less than

in the lagg zone, which had average baseline ortho and total
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Table 8. Average ortho/total P (mg/L) for the Drummond system
and % change after effluent application based on average
values for the last half of the 1979 effluent discharge period
and the corresponding 1978 baseline period.

Baseline
Site % Change
Mean S.D. N
Treatment Bog: 0.4 Meter . 040 .036 279 -18%+
. 085 .053 298 -30%+
0.7 Meter .013 .016 208 +5%+
.ok2  .038 225 -8%+
2.3 Meter .015 .013 49 +31%
. 037 .022 52 +22%
Bog Discharge: Site 60 .018 .010 16 ~-52%%*
042  ,021 17 -37%
Lower Bog: Site 51 . 028 .017 15 +29%
.054 .,021 15 +13%
Weso Lake: Surface .011 .007 5 -10%
.032 .01Lk 5 -
Mid .025 .010 5 -57%
.052 .030 5 -
Bottom . 093 026 5 +24%
.119 . 040 L -
Control Bog: 0.4 Meter .019 .013 Ly -4
.077 .028 51 -17%
2.3 Meter . 067 .022 23 +73%%
114 044 25 +37%
Regional Sites 81 . 004 .004 32 +130%
Groundwater and 82 .018 .022 33 +176%

+ See Figure 14. for significance of individual % changes.
* Significant at 0.05 level.
*¥*¥ Significant at 0.01 level.
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P concentrations of .039 and .OQQ mg/L respectively. Thé
weir pond may have acted as a sediment trap, or removed
inorganic P through precipitation reactions favored by a
more aerobic environment. Slow percolation of water
through the bog was probably inefficient for transporting
large organic P compounds.

Phosphorus concentrations at other bog sampling sites
were generally similar to the treatment bog. Highest P was
found in hypolimnetic Weso Lake water from sedimentation
and reducing conditions during summer stratification.
Phosphorus levels may have been unnaturally high because
of the erosion from the lagoon and weir construction sites.
Weso Lake has many of the characteristics typical of a dys-
trophic bog lake. Lowest P was found in the regional
groundwater in the sand and gravel aquifer.

Statistically significant spatial variability of P
within the treatment bog (Figure 14) indicated the importance
of local conditions, such as microcosms of plant species and
density, microbial activity, peat composition, and hydrologic
conditions. This variability may have important implications
for the wastewater treatment efficiency of various parts of
the Drummond bog as well as other peat bogs that may be used
for wastewater renovation.

Seasonally, soluble total P was low in spring from dilu-
tion and biological uptake, increased through the later grow-

ing season when decomposition was greater, decreased through
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the fall, possibly by flushing and lower biological activity,
and finally increased through winter with stagnant conditions
(Figure 15). Seasonal total P trends were muted in deeper

wells because of less biological activity and water movement.

Hydrologic conditions appeared to be a major factor in
the bog discharge of total P. The high in August, 1978 cor-
related to high precipitation runoff (Figure 1) at a time
when P was high in the interstitial bog water. Dilution
during spring runoff was apparent in 1979, but not in 1978.

Ortho P seasonal trends in 0.4 meter wells mirrored
total P trends. Deeper sites appeared to follow an opposite
trend through spring and summer. A possible explanation is
the theory that plants can act as P pumps, rémoving P from
the root zone and eventually transferring it to the fresh
litter (Prentki et al. 1978). Similar P trends were noted
by Bentley (1969) and Kadlec (1976).

No consistent trend was apparent for the bog discharge
of ortho P, except for a general decrease through summer and
fall. Ortho P did not peak in the bog discharge correspond-
ing to the peak total P discharge from the August 1978
precipitation event. Ortho P was only 13% of the total P
during the runoff event compared to the average of 43%. This
indicated that accumulations of organic P compounds were
susceptible to flushing in high discharge periods, which
could be a limiting factor for overall treatment efficiency.

During the background period from June through October, 1978,
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Figure 15. Seasonal ortho P (A) and total P (B) trends
for the Drummond bog. The letter "D" indicates the start
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1 kg of total P left the bog compared to the 0.8 kg
precipitation input, resulting in a net P release of 32%.

The bog achieved a 30% ortho P retention for the same base-
line period, discharging 0.35 kg of the 0.50 kg precipitation
input.

Effluent P loading was low throughout the 1979-effluent
discharge period. Effluent discharges to the bog added a
total of 0.44 kg of ortho P and 1.49 kg of total P, in addi-
tion to natural precipitation loading of 1.94 kg of ortho P
and 2.46 kg of total P. In the same time period, the bog
discharged 0.30 kg of ortho P and 0.85 kg of total P,
resulting in 88% retention of ortho P and 78% retention of
total P inputs from effluent and pfecipitation. Without
large runoff events, as in 1978, there was a net retention
of total P in 1979 even though P loading increased from 0.8
kg in 1978 to 4.0 kg in 1979 from effluent and greater preci-
pitation inputs.

Average 1979 effluent total P and ortho P concentrations
were .163 and .047 mg/L respectively. Based on comparisons
between the effluent P concentrations and the bog outflow
P concentrations, an 80% average reduction in total P
concentration and a 79% average reduction in ortho P concen-
tration were also achieved by the bog system. It should be
noted that this discussion of P removal reflects only the
first 4.5 months of operation of the peatland treatment

systen.



Although the effluent total P values were higher than
the bog background, no statistically significant total P
increase was noted for any sampling group (Table 8 and Fig.
14). Changes in total P for Weso Lake were not statistically
analyzed because 1978 samples were filtered while 1979 sam-
ples were not. Since chloride concentrations did not signi-
ficantly increase, there was little potential for other
effluent impacts.

Within the treatment bog, the largest effluent impact
appeared to be a reduction of the 0.4 meter well average.
After effluent applications began, the ;verage 0.4 meter
total P concentration quickly decreased (Fig. 14 and 15).

This decrease was analyzed by comparing total P levels
during the effluent discharge period to the corresponding
1978 baseline values for the 0.4 meter wells along a tran-
sect away from the effluent discharge pipe (Fig. 16).
Although the transect did not reflect the major effluent
flow path (Fig. 6), it was chosen because of completeness
and representativeness of data to illustrate general P
dynamics. Effluent P was quickly lowered, greater than
dilution could account for, within 25 meters of the dis-
charge pipe to less than 0.04 mg/L during the entire dis-
charge period. Peat filtration of the effluent particulate
P could account for a drop to approximately 0.09 mg/L. It
was very unlikely that any effluent particulates could have

moved through the bog and were therefore not included in
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Figure 16. Total P on a transect across the Drummond bog at
0.4 meter sites from July through October during the 1979
effluent discharge period and the corresponding 1978 base-
line period. Bracketed baseline plots are % one std. dev.

the filtered well samples. The P decreases were most pro-
nounced at sites with higher natural P levels, such as site
13.

Only one 0.4 meter site in the treatment bog, site 32,
experienced a total P increase, and that increase could be
explained by natural variability (Fig. 14). Apparently the
effluent P was reduced to near the normal bog baseline by
natural regulatory processes and dilution when passing
through the peat, and the controlling or limiting factor was

the zone of lowest natural P it passed through. The volume
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of effluent moving through the bog was then sufficient to
dilute P values to below normal levels at sites below the
limiting zone. It is also possible that the effluent was

a factor in determining the limiting zone, as noted in the
introduction. Dilution by precipitation was not significant
because precipitation was not above normal’and evapotran-
spiration generally exceeds precipitation during the
discharge period.

Total P changZes at 0.7 meter sites were not significant,
except for an increase also at site 32. Phosphorus increases
at site 32 either had natural causes or represented a P front
due to the saturation or absende of a limiting zone above the
site. According to chloride increases (Fig. 5), the 0.4
meter 32 site had the greatest effluent impact, althouéh only
minimal impact at the 0.7 meter 32 site was noted.-

Because effluent ortho P concentrations were near the
bog background for many sites and also because of high
natural variability, evaluation of effluent induced changes
was impossible. For example, the ortho P increase of 84% at
the 0.4 meter 32 site could be explained by natural vari-
ability, while the 80% increase at the 0.4 meter 21 site was
significant although chloride changes indicated minimal
effluent impact at that site (Fig. 5). No ortho P changes
were significant at 0.7 or 2.3 meter sites, except for an
increase at the 2.3 meter control site (Table 8), again

reflective of the natural yearly variation possible.
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Drops in ortho P in mid and surface Weso Lake waters
(Table 8) could reflect sedimentation of erosional materials
introduced during the 1978 lagoon construction period. From
1978 to 1979, a 37% decrease in total suspended solids and a
38% increase in secchi disc readings were noted.

Ten Drummond peat samples were analyzed for background
metals (Table 9) that could relate to the initial potential

for phosphorus removal by adsorption and precipitation.

Table 9. Average metal content of 10 peat samples from the
Drummond bog. Values are expressed as mg/g oven dry weight
peat.

Metal Mean S.D.

Al ’ 2.38 1.28
Ca 3.61 .77
cd <.001 -
Cr .015 .010
Cu .003 . 001
Fe 1.06 .34
K .253 122
Mg . 386 104
Mn .031 .016
Na .054 .034
Ni <.005 -
Pb . 025 014

Zn . 025 .015
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The analyses were done to provide a general characterization
of the metal content of the peat which, in conjunction with
the phosphorus removal measured at the Drummond bog, may
help evaluate the potential of other peatland treatment
sites. The values are generally within normal ranges for an
ombrotrophic bog, except Al and Ca appear slightly high
(Damman 1978, Gore and Allen 1956, Sillanpaa 1972, and
Walmsley 1977).

Nitrogen

Like phosphorus, nitrogen exhibited considerable natural
variability. Total soluble N significantly increased with
depth in the interstitial waters of the treatment bog (Table
10). Relatively large increases in ammonia N were responsible
for this trend because soluble organic N actually decreased
with depth, similar to the decreases noted for COD and P.

Low ammonia at 0.4 meter sites probably reflected biological
uptake or conversion to nitrate at the aerobic/anaerobic inter-
face. Ammonia N is the reduced inorganic decomposition product
and the buildup at deeper depths reflected the enforced an-
aerobic conditions with a consistently high water table.

Except for samples collected in December, 1977, no
nitrite-nitrate N was found at any depth. Apparently
nitrates in precipitation (average 0.38 mg/L) and nitrates
from conversion of ammonia N were removed by biological

uptake or denitrification processes.
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Table 10. Average nitrite-nitrate N/ammonia N/and Kjeldahl N
(mg/L) for the Drummond system and % change after effluent
application based on average values for the last half of the
1979 effluent discharge period and the corresponding 1978
baseline period.

) Baseline
Site Mean S.D. N % Change
Treatment Bog: 0.4 Meter <0.02 - 299 0%
0.28 .27 287 -36%+
1.54 .56 297 -35%t
0.7 Meter <0.02 - 226 0%
0.62 .48 216 +17%t
1.76 .67 220 -12%+
2.3 Meter <0.02 - 53 0%
1.66 .52 50 +29%
2.63 .62 L7 +2%
Bog Discharge: Site 60 <0.02 - 17 0%
0.03 .04 16 0.01#
1.00 .38 17 -35%
Lower Bog: Site 51 <0.02 - 16 0%
0.06 .09 16 +29%
0.83 .28 15 -11%
Weso Lake: Surface <0.02 - 5 0%
0.03 .02 5 +28%
0.62 27 5 +27%
Mid <0.02 - 5 0%
0.01 .01 5 0.0uL4#
0.59 .34 5 +60%
Bottom <0.02 - 5 0%
0.69 .21 5 +9%
1.43 .48 5 +27%
Control Bog: 0.4 Meter <0.02 - 51 0%
0.08 .05 Lo +151%
1.36 A7 51 -18%
2.3 Meter <0.02 - 25 0%
1.44 43 24 +36%%*
2.69 .35 23 -8%
Regional Sites 81 <0.02 - 34 0%
Groundwater and 82 0.06 .06 34 +160% .
0.28 .13 33 +59%

+ See Figure 18. for significance of individual % changes.

- s oo Y ~ ~a -
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The average baseline organic N concentration in the bog
discharge was 0.97 mg/L, while inorganic N averaged only 0.03
mg/L. Biological uptake and denitrification in the bog and
weir pond could account for the low inorganic N. Detectable
nitrite-nitrate N was found in the bog discharge during the
runoff event for the high precipitation in August, 1978.
Direct runoff as surface flow in the lagg zones was probably
the source. u

Nitrogen in the control bog was similar to the treat-
ment bog. Site 51 in the lower bog had slightly lower
Kjeldahl N, similar to the lower COD ﬁoted at that site.

The regional groundwater generally had low N.

In Weso Lake, ammonia was low except for the anaerobic
bottom site, and nitrates were below detection at all depths
during the stratified period. Algal uptake lowered inorganic
N in surface waters, and reduced conditions in the hypo-
limnion caused an accumulation of ammonia N. Nitrates were
found in measurable concentrations only during the spring
thaw and fall overturn periods (Appendix G). Kjeldahl N
increased with depth, reflecting the increased ammonia and
settled organic N.

Seasonal N trends were difficult to describe because of
the complexity of nitrogen transformations and their relation-
ship to variable moisture conditions. Kjeldahl N in the
treatment bog did not appear to follow defined seasonal
cycles as phosphorus did, except possibly for lows at shallow-

er sites during spring runoff (Fig. 17). The bog discharge
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Figure 17. Seasonal ammonia N (A) and Kjeldahl N (B) trends
for the Drummond bog. The line marked "D" indicates the
start of effluent discharges to the bog.
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Kjeldahl N trend paralleled the interstitial water changes.
The peak Kjeldahl N discharge in early August, 1978, did not
correspond to the peak total P discharge, indicating differ-
ent organic sources. Ammonia trends were subdued at 0.4

and 0.7 meter sites and the bog discharge. The 2.3 meter
sites varied considerably over time, although no consistent
trend was apparent.

Spatial variability was very high, significant at the
0.01 level, for N in the treatment bog (Figure 18). This
again indicated the complexities of wetland N dynamics and
the difficulties involved in predicting wastewater treatment
potential. Ammonia N variability was greatest, ranging from
0.02 to 0.68 mg/L at 0.4 meter sites, and from 0.09 to 2.06
mg/L at 0.7 meter sites.

Based on precipitation N loading during the 1978 base-
line period corresponding to the 1979 effluent discharge
period, the bog achieved a 96% retention of nitrite-nitrate
N, a 99% retention of ammonia N, but a 46% increase in total
Kjeldahl N. As previously noted, the bog discharge contained
primarily organic N, while the precipitation was 73% inorganic.
Biological conversion of inorganic N to organic N apparently
causes a natural net release of organic N. Considering tQtal
N input (26.7 kg), a net reduction of 9% (2.5 kg) was
achieved. High runoff in August, 1978, also contributed to
the organic N release, similar to the total P release.

The effluent N lbading to the bog in 1979 was 9.7 kg.

Approximately 6% (0.6 kg) was ammonia N, 72% (7.0 kg) was
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Figure 18. Average baseline ammonia N (1) and Kjeldahl N (2)
(mg/L) in the Drummond bog at 0.4 meter sites (A) and 0.7
meter sites (B) and % change () after effluent application
based on average values for the last half of the 1979 effluent
discharge period and the corresponding 1978 baseline period.

(* % change significant at 0.05 level, ** significant at 0.01
level, # insignificant change from a baseline below detection.)
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soluble organic N, 22% (2.1 kg) was filterable N, and 0%
was nitrite-nitrate N. In addition, precipitation loading
added 11.9 kg ammonia N, 9.7 kg nitrite-nitrate N, and 18.3
kg organic N, resulting in a total N input of 49.5 kg. For
the discharge period, the bog achieved a 100% retention of
nitrite-nitrate N, a 97% retention of ammonia N, and a 53%
retention of total Kjeldahl N. Considering all forms, a
62% (30.6 kg) N retention occurred.

It appears that the N added by the effluent was not
very significant within the normal N fluxes. 0f greater
importance with respect to wastewater treatment was the
addition of the effluent water (a 27% increase to the water
budget) without flushing N from the bog. Total N discharge
from the bog in the 1978 and 1979 budgeted periods was 24.2
and 18.9 kg respectively, even though loading in 1979 was
considerably higher from precipitation and effluent inputs.

The average effluent ammonia and total Kjeldahl N con-
centrations were 0.06 and 1.15 mg/L respectively. Based on
average bog discharge concentrations for the last half of the
1979 effluent discharge period, the effluent ammonia N con-
centration was reduced 67% and the Kjeldahl N concentration
was feduced 21%. The ammonia decrease actually represented
only a drop of 0.04 mg/L. ‘

Effects of the effluent on the bog N chemistry were
difficult to identify because of the high natural variability.
The only apparent change was a general decrease in soluble

Kjeldahl N at 0.4 meter sites (Fig. 17). Analysis of Kjeldahl
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N changes on a transect of 0.4 meter sites away from the
effluent discharge pipe revealed a pattern of N reduction
similar to the total P reduction (Fig. 19). The concentra-
tion of soluble Kjeldahl N in the effluent (0.95 mg/L) was in
the lower range of the normal bog baseline. The volume of
water moving through the bog with that level of Kjeldahl N
was sufficient to almost equalize N concentrations to that
level across the bog. Significant decreases in the bog back-
ground were associated with sites with higher natural levels.
No significant removal of Kjeldahl N below what could be

explained by filtration of particulate organic N was indi-

cated.
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Figure 19. Kjeldahl N on a transect of 0.4 meter sites
across the Drummond bog from July through October during the
1979 effluent discharge period and the corresponding 1978
baseline period. Bracketed baseline plots are ¥ 1 std. dev.
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Kjeldahl N decreased significantly at most 0.4 meter
sites and at five 0.7 meter sites (Fig. 18). Decreases in
soluble organic N were primarily responsible because ammonia
was often a small component of the Kjeldahl N at 0.4 meter
sites. Ammonia N changes were less consistent, sometimes
increasing at sites where Kjeldahl N decreased,

The average effluent ammonia concentration (0.06 mg/L)
was less than the bog baseline at most sites, and therefore
the decrease noted at most 0.4 meter sites could be expected.
A significant ammonia increase at the 0.4 meter 21 site,
previously identified as receiving little effluent impact,
indicated that natural variability from year to year could
be significant. Four of the five significant ammonia changes
at 0.7 meter sites were increases although baseline values
at those sites were much higher than the effluent ammonia.
This could imply an indirect effluent impact, such as en-
forced anaerobic conditions from the consistently high water
table.

No significant N changes were noted for the 2.3 meter
wells in the treatment bog, the bog discharge, the sites
below the treatment bog, the 0.4 meter control sites, and the
regional groundwater (Table 10). Ammonia N increased signi-
ficantly at the 2.3 meter control site, again pointing to
the high natural variability.

Nitrates were below detection limits in the effluent

and at all sampling sites during the effluent application.
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Metals

The fate of heavy metals in peatlands is not cleary
known at present. Metals could adsorb to humus or could be
mobilized by chelation with soluble organic acids. Research
on the ultimate fate of heavy metals in natural wetlands is
needed before wetland treatment is used where industrial
wastewater is included. The Drummond system treats only
domestic sewage.

Metal determinations were made on 5 effluent discharges
between July 17 and August 21, 1979. The bog discharge and
samples from the 3 sampling depths at sites 11 and 14 were
also analyzed for metals before and after effluent applica-
tion.

Many of the heavy metals (Cd, Cr, Ni, Pb, and Zn) were
below detection limits in the effluent (Table 11). Only Ca,
Mg, Na, and K were significantly higher in the effluent, and
increases in these cations were noted at the bog sites after
effluent application. The only change that appeared strongly
related to the effluent was a Na increase at the 0.4 meter 11
site closest to the effluent discharge. The relatively high
effluent Na concentration and the mobility of Na in the bog
(Damman 1978) were responsible for the increase. The Na con-
centration at the 0.4 meter 14 site increased only 0.21 mg/L
during the effluent discharge period, indicating removal or
dilution to within baseline at that distance.

The increases for the other cations were relatively

small and could be accounted for by natural variation. Also,
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Table 11. Average metal concentrations (mg/L) in the lagoon
effluent and the Drummond bog before and after effluent
application.

Bog
Metal Effluent
Spring 1979 Fall 1979

Al 0.17 0.57 ~0.60
Ca 20.0 1.17 2.01
cd <0.005 <0.005 <0.005
Cr <0.005 <0.05 <0.005
Cu 0.01 0.06 <0.01
Fe 0.35 0.50 1.06
K 3.14 | 0.68 0.82
Mg 8.84 0.42 0.73
Mn 0.04 0.01 0.05
Na 20.1 0.95 2.49
Ni <0.1 <0.1 : <0.1
Pb <0.1 <0.1 <0.1
Zn <0.01 0.71 0.44

the baseline samples were collected in May and June when
concentrations of soluble materials were often lowest from

snowmelt.

Dissolved Oxygen

The lack of dissolved oxygen in the saturated peat soil

was assumed in the previous discussions concerning biological
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N

activity and nutrient dynamics. Forty DO samples were col-
lected from the treatment bog, the bog discharge, and the
control bog during the baseline period to quantify normal DO
levels and to detect possible changes after effluent applica-
tion.

Dissolved oxygen was very low in the treatment bog and
the control bog. The overall average for the treatment bog
was 0.08 mg/L, with 78% of the samples having zero measureable
DO. Most non-zero values occurred at the 0.4 meter sites
sampled October 15, 1978. A 0.43 inch rainfall occurred on
the same date and oxygen may have moved into the peat soil
with the precipitation infiltration. The average of 2 weir
pond samples was 0.8 mg/L, indicating a greater potential for
oxygen diffusion. Based on 18 samples collected August 11,
1979, the DO did not change after effluent application.

Dissolved oxygen dynamics in Weso Lake reflected the
seasonal cycles of stratification and mixing. At the time of
the fall overturn, around November 1st, DO was relatively high
at all depths (Fig. 20). The DO at mid and bottom sites then
appeared to consistently drop through winter and summer,
until little or no DO was found from July to the fall over-
turn. The surface water generally retained at least 5 mg/L.

The 1979 effluent discharge period coincided with the
summer stratification period. Although the DO depletion in
1979 was more severe than in 1978, there was no indication
that the effluent was a factor according to the other moni-

tored parameters.
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Figure 20. Seasonal dissolved oxygen trends at three depths
in Weso Lake.

Other Parameters

Limited bacteria, alkalinity, hardness, and suspended
solids data was collected, primarily for the effluent and
the bog discharge. The average effluent and bog discharge
baseline values were presented in Table 1.

Fecal coliforms were low in the bog and the effluent,
and no significant change in the normal bog discharge of
fecal coliforms was noted after effluent application.

The pH of the bog discharge was consistently below the

end point of the alkalinity titration on all sampling dates
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before and after effluent application, indicating 100%
removal of the effluent alkalinity which was 73 mg/L as
CaC03.

Although the effluent hardness (93 mg/L as CaC0O3 total
hardness and 59 mg/L as CaCOB Ca hardness) was considerably
higher than the characteristic low hardness of the bog dis-
charge (9 and 7 mg/L as CaCo05 respectively), little bhange
was noted after effluent application. The effluent total
and Ca hardness concentrations were reduced 83% and 87%
respectively by passage through the bog.

The effluent suspended solids (20.6 mg/L) was also
considerably higher than the normal bog discharge (1.7 mg/L).
Again, no significant effluent impact on the bog was observed.
A 95% reduction in concentration of effluent suspended solids

was noted for the 1979 effluent discharge period.

Peat Core Nutrient Uptake Studies

Measuring the phosphorus removal potential of the peat
component was the primary goal of the peat core leaching
studies. In addition, total nitrogen and calcium removal
and pH and conductivity changes were noted for one set of
peat cores. Three leaching runs were made as described in
the methods section. Some chemical characteristics of the

eluants are given in Table 12.
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Table 12. Chemical characteristics of the eluants used in
the peat core nutrient uptake studies.

Cond. Ca Ortho-P Total-P Total-N
Eluant PH (umhos) (mg/L) (mg/L) (mg/L) (mg/L)
Junction City __ __ 34 _— 1.0 -

Effluent

Stevens Point
Effluent - 1st 7.51 600 L 3.4 3.5 16.7
cycle of run #3

Stevens Point
Effluent - 2nd 7.66 800 L2 L,s L,7 15.6
cycle of run #3

Water-desorption
cycle of run #1 = == -- -- .015 -
Water-desorption 6.83

cycle of run #3 19 2.2 . 005 . 028 .13

Phosphorus Removal

Source of peat and rate of leaching did not significantly
change P removal in runs #1 and #2. The composite % removal
for the 6 cores in runs #1 and #2 dropped quickly until
about 8 bed volumes, then leveled off to approximately 20%
when the leaching was arbitrarily stopped at 21 bed volumes
(Fig. 21). This indicated a limited potential for producing
high quality effluent, above 80% removal, although the con-
tinued P removal at 20% implied a significant potential for
long-term P/uptake. Because approximately 96% of the P
applied to the cores was in a soluble form, by standard

definition, the continued removal indicated considerable
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Figure 21. % P removal in peat cores from the Drummond bog.
Desorption curve based on % of initial eluant concentration
in leachate. Dashed line "B" indicates baseline condition.

adsorption and/or filtration capacity by the peat. The area
under the curve represented the P removed, which averaged
0.060 ¥ .010 mg P removed per gram oven dry weight peat for
the 6 cores. Phosphorus adsorption tests on the core appara-
tus alone indicated insignificant influence on the reported
P removal.

When the 3 cores in run #1 were eluted with water,
analogous to a flushing event in the bog, such as spring
runoff, approximately 13% of the P removed from the effluent
was leached from the cores after 8 bed volumes when the normal

baseline P concentration was reached.
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The effluent P concentrations were considerably higher
for run #3, but the same type of adsorption curve was
obtained (Fig. 22). During the initial leaching period, the
% removal dropped slightly more quickly than for runs #1 and
#2, but leveled off at over 30% removal.

The exact removal mechanism was not known. The quick
decline in % removal could have been due to saturation of the
most active adsorption sites, while the leveling off could
reflect a filtration process that would not decrease in

efficiency. Approximately 97% of the P applied to the cores

100

ELUANT CONC =

ELUANT CONC =
TOTAL-P '

75

4.7MG/L .028MG/L

% REMOVAL

N_ [T
20 0 3 10 15
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Figure 22. % P removal in peat cores from the Drummond bog.

Desorption curve based on % of initial eluant concentration
in leachate. Dashed line "B" indicates baseline condition.
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was in a soluble reactive form, which would indicate an
adsorption process as the primary removal mechanism. The
continued P removal, within the extent of the experiment, may
then reflect enhanced P removal by the effluent itself. For
example, adsorption of effluent cations to the peat exchange
sites could be increasing the potential P adsorption sites.

The % P removal in the second leaching cycle for run #3
did not change significantly from the first leaching cycle.
Apparently the removal mechanism was not greatly influenced
by aeration during the drained rest period. For example, if
considerable iron were present, oxidation to the ferric state
might increase P removal.

The total P adsorption for run #3 was 0.263 mg P/gram
O0.D.W. peat. This was considerably higher than the amount
removed in runs #1 and #2, although the actual amounts are
arbitrary based on the volume of effluent leached. Higher
residual P in solution with higher eluant P concentrations
would cause adsorption equilibria to shift towards the solid
phase.

In run #3, desorption when leached with water was approx-
imately 26%. Leachate P concentrations were significantly
higher than the normal baseline when leaching was arbitrarily
stopped after 15 bed volumes.

Based on the amounts leached, as shown in Figure 22, the
average net P retention for run #3 was 0.191 mg P/gram 0.D.W.
peat. Extrapolated to the natural bog, thié represented

approximately 40 kg P removed per acre-foot of surface peat
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soil. The rate of P removal had dropped to approximately
35% after the 40 kg P were removed.

If 80% P removal was required for tertiary treatment,
then 3.7 kg P could be removed per acre-foot of peat, based
on an effluent concentration of 3.5 mg/L. Phosphorus concen-
trations in the Drummond primary lagoon averaged 4.7 mg/L
during the 1979-1980 winter. Assuming approximately 6.5
acres of the Drummond bog receives effluent and the effluent
mixes to a depth of 0.5 meter, then 80% P removal could
theoretically be obtained for 25 years at the Drummond site,
based on 1979 effluent P loading, or for only 1.5 years,
based on P loading assuming a P concentration of 3.5 mg/L
and a discharge volume of 2 million gallons (7570 m3).

Of course, this is a simplistic view which considered
only preliminary analysis of the peat component of the complex
wetland system. Biological uptake was not considered, nor was
the mobilization rate by decomposition. For example, one core
not included in the previous analysis experienced a flush of
P in the leachate much greater than the eluant concentration
after the core was aerated, indicating that a change in the

decomposition rate could mobilize considerable retained P.

Nitrogen Removal

Nitrogen removal was also measured in run #3. Unlike P
removal, N removal essentially dropped to zero by 15 bed

volumes (Fig. 23). In the first leaching cycle, ammonia N



% REMOVAL

82

100

ELUANT CONC = 16.3MG/L
TOTAL-N

ELUANT CONC = .13MG/L

-

DESORPTION-

[T

Figure 23. % N removal in peat cores from the Drummond bog.
Desorption curve based on % of initial eluant concentration
in leachate. Dashed line "B" indicates baseline condition.

averaged 58% of the N applied to the core. Ammonia removal
dropped to zero or below after approximately 10 bed volumes,
possibly because of saturation of exchange sites it was

capable of competing for. Thirty percent of the applied
nitrogen was in the nitrite-nitrate form and 12% was charac-
terized as organic. Removal of these forms was slightly
better than the overall N removal, offsetting net releases

of ammonia after 10 bed volumes. This indicated active N
transformation even at the low temperature of the test.

Another core not included in the composite analysis experienced

a consistent 40-50% N removal rate with almost 100% nitrate
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removal, indicating biological activity.

Nitrogen removal was not enhanced by the dry cycle. 1In
the second leaching cycle, organic N was 51% of the applied
N, and therefore the slight increase in overall N removal
probably reflected entrapment of particulates or large
organic molecules.

Approximately 0.45 mg N was removed per gram 0.D.W. peat,
and only 17% of the retained N was mobilized by leaching with
water until the normal baseline concentration was reached at
approximately 6 bed volumes. Composition of the leachate
during desorption averaged 8% nitrite;nitrate, 31% ammonia,
and 61% organic N. Compared to the proportional composition
of the effluent,rthis indicated relatively strong retention

of nitrite-nitrate and ammonia N.

Calcium Removal

The % Ca removal in run #3 followed a different trend
than P or N. Removal started at only 40%, increased to 80%
at 8 bed volumes, and then decreased uniformly (Fig. 24).
The initial low Ca retention could reflect saturation of
the exchange sites by hydrogen ions. As previously noted,
the CEC of 6 peat samples averaged 191.3 me/100 g 0.D.W. peat,
with 93% due to exchange acidity. 1Initial effluent flushing
raised the pH slightly, reducing the hydrogen ion competition
and opening some exchange sites.

After 25 bed volumes, a total of 4.5 mg Ca was removed

per gram 0.D.W. peat. Ca was not detected above the baseline
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Figure 24. % Ca removal in‘peat cores from the Drummond bog.
Desorption curve based on % of initial eluant concentration
in leachate. Dashed line "B" indicates baseline condition.

concentration in the leachate during the water leaching
cycle. Apparently adsorbed Ca was strongly complexed by

organic chelators.

pH and Conductivity Changes

Changes in conductivity of the applied effluent also
suggested the retention of certain ionic species. Conduc-
tivity in the leachate for run #3 quickly increased to approx-
imately 67% of the effluent value, then remained relatively

constant. Mobile ions such as chloride and sodium quickly
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passed through the core, while multivalent cations, such as
the divalent hardness cations, were more strongly adsorbed.
The pH of the leachate rose to near effluent levels
after 25 bed volumes but did not change consistently with the
amount of effluent and was variable between the individual
cores. The high exchange acidity of the peat represented
considerable buffering capacity to maintain relatively low
pH. Wastewater alkalinity loading to the cores averaged 116
) mé while the total exchange acidity of the cores averaged
: 467 me (262.3 g peat with an exchange acidity of 178 me/100
\g). Similarly, only 0.04 acre-foot of peat wou%d be required
to remove the total 1979!effluent alkalinity loading to the
Drummond bog, assuming a simple aIkgiinity;acidity neutrali-
zation. These calculations are intended only to indicate the
magnitude of the acidic buffering capacity of the bog; more

research is required before reliable conclusions can be made.
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CONCLUSIONS AND RECOMMENDATIONS

1. Small northern communities, such as Drummond, have
an urgent need for alternate methods of tertiary wastewater
treatment that are feasible and cost-effective for low-flow
systems. Receiving waters are often of high or potentially
high quality that can be severely compromised by inadequately
treated wastewater. The long-term evaluation of the Drummond
demonstration project will be helpful for determining the
potential of peatland treatment systems to help fill the
tertiary need and for establishing selection and management
criteria.

2. Sphagnum peat bogs are complex systems with highly
variable water chemistry relating to peat type and degree of
decomposition, hydrogeologic regime, moisture conditions,
climate, and the activity of plant and microbial communities.
Significant differences in water chemistry over time, spatially,
and with depth in the peat were noted.

3. A review of the literature indicated a strong poten-
tial for wetland treatment systems. Preliminary water quality
results for the first 4.5 months of operation at the Drummond
site also indicated a good treatment potential. Percent
retention of nutrients from precipitation (1978) and precipi-
tation plus effluent (1979) are listed below for the period

from June through October:
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% Phosphorus & Nitrogen Retention % Of 1979

1978 1979 Loading Due

(Background) (Eff. Discharged) To Effluent
Total P -32%(release) 78% 38%
Ortho P 30% 88% 18%
Kjeldahl N -46%(release) 53% 24%
Ammonia N 99% 97% 5%
NOZ—NO3 N 96% 100% 0%

Greater retention was found during the 1979 effluent discharge
period than during the undisturbed 1978 baseline period.

The most significant changes in the bog after effluent appli-
cation were increases in chlorides and conductivity and
decreases in total P, Kjeldahl N, and especially COD. Most
effluent movement and impact Was in the upper 0.5 meter of
peat.

4. Phosphorus, nitrogen, and calcium uptake studies
using peat cores indicated considerable long-term removal
potential by the peat component. Based on specific experi-
mental conditions, net removals of 0.191 and 0.37 mg/gram
oven dry weight peat were found for P and N respectively.
Extrapolated to the natural peatland, this represents
approximately 40 kg P and 75 kg N removed per acre-foot of
surface peat soil. Interactions with other wetland compon-
ents and seasonal and long-term changes could increase or
decrease the measured removal rates.

5. Caution should be exercised when applying this type
of treatment to other sites. Further water quality testing
under continued effluent discharges and nutrient budgeting

for the entire year, especially the spring runoff period,
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are needed. Long-term impacts on flora and fauna need to

be studied. Wetlands are a valuable resource and indiscrim-
inate wastewater discharges into "convenient" wetlands cannot
be justified, but the potential of this type of treatment
should not be ignored either.

6. Ideally, long-term treatment efficiency of peatlands
under various operational schemes and peatland condition
should 5e known for design criteria. Many of these conditions
can be simulated in peat core leaching experiments in a con-
trolled environment chamber. Additional experiments should

be designed to expand the results presented in this report.
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APPENDIX A continued

Water quality data for the Drummond treatment bog: +the 0.4 meter well at site 11.
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78/ 9718 78261 wwex £,21 125, 2vav wrww wxaw <1,0 wxwe 183, 4,9 wrwwx 0,016 CoC35 <0,02 <0,02 1,00 wtewnr nwre
78710715 78233 TeB 60483 110, wwrw wves wwar <1,0 0.2 157, 1.2 3¢l 04020 0.0640 <0.02 <0,02 1.60 Qe wawn
TR/711/712 78316 ewxw £,.R1 13), #owe wxewr wwwn 1.0 exex 135, 1.2 weewsr 0,014 0,024 <0.02 <Co02 0.92 svtanr waww
T8s12/716 173350 led Se94 41, woaw wrvw wrwew <1,0 wwee 129, T3¢0 #wwwe weewr 0,038 0405 <0,02 1,04 wawewnw waww
797 37 3 79052 0?7 6455 119 wwww wwew wwws 1.0 wwww 135, 3.F wwawwe 0,012 0,050 0.20 <0,02 1.22 wrevnx wawe
797 47 1 79091 ewar 6,46 195, wvew wrws wwewe 1,0 wwwe 123, TeB wwrax 0,011 0,040 0,08 <3,02 1,12 xwvaws scew
79/ 4721 79111 Jel 5483 352, wxanx wvws dwer <10 wwwe 75, 2.0 xwwww 0,006 D.C47 0,13 <N,N2 1,20 wevwwx vuew
79/ S/ 7 79127 wwvw £,65 101, #*wuw wvwsr wevww <1,0 wwewer 97, leb evvwar 3,008 03,035 0.10 <),02 0,88 #axvwae wwne
797 5719 713139 10.2 6.20 T7e 2%wn *wrw wvwwr <1,0 ewwe 107, 3.1 be7 06019 (4120 0402 <3.02 1,04 wwtwre wwuw
797 67 5 79156 wwvx 5,80 1J7, #duw sewwe woewe 1,0 wuwr 101, De7 wwwwx 0,010 0,035 0.03 <3.02 1.12 awerwn wawe
?97 6716 79167 1562 6403 78e wwww xvwm wvne wevw wwer 127, wwww wxwww 0,017 0,170 <0,02 <0402 1.04 #wrxenr wawe
797 17 2 79133 <«aer »rwd 159, 2ase trew wwee LT *wwe 8% wexr whwwe svuww 0,120 wrie CEEE AW AESE wwRwmk wREE
797 7/16 795137 17e8 6ot3 136, wanw werw wuaww 15,4 wrew 97, 3e7 awews 3,008 0,040 0,14 «0,02 1,20 wevrwe wuww
797 7730 76211 wwwv £,87 2254 %xmew xvwe wwwer wexv wxwwe 97, Deb *#+2x¢x 0,003 C.C2D 0,02 <3.02 1,04 wxtrww nawe
797 8711 79223 18.1 6431 170, swxx wew~x wexwv 24,7 02,0 37, 1o4 wweww 0,011 N,035 €0,02 <C.02 0492 twewaxr zuxvw
797 3727 79239 wewx 6,92 245, wwew waey xwew 33,0 wwwe 94, 1.2 evaxs 0,014 0,020 0405 <0402 0,80 wrownwr »aww
79/ 97 8 79251 14e2 6001l 190¢ woxw wawn wewx 35,3 wwwe 93, 1.7 wxwwew 0,012 0,040 <0.02 <0,02 0,92 nwwazre veww
797 9723 79266 wwww §,35 272, wwix wwanr wxwxr 31,1 wwxe 107, 1.0 *sween 0,020 0,030 0,02 <0,02 0,80 wwwwww swane
797107 6 79279 105 6453 255. woan wxww wwawr 30,9 swex 97, 1o #vwww wweww 0,030 0,00 <0,02 0.90 wwowws suwe
79710721 792% waex 5,70 155, #wav wwvww wrrw 30,5 wwese 95, 1e2 #wwwaw 0,013 0.020 0.12 <0.02 1.00 wewwwwwr wanw
797117 3 719307 5e3 6631 178, whww wwwn wwww 27,8 wwwe 77, les6 2e¢7 04009 0025 GCe02 <0602 0476 wetxwe wawe
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APPENDIX A continued

Water quality data for the Drummond treatment bog: the 0.4 meter well at site 12.

CALENDAR JULIAN WATE
JATE JATE  TEMP P CIND ALK TRC&=d230 €L 04 273 #70S 50020 ORTAN  T-2  NWe <7123 KJLON F CuL TABLE
c U4HO  M3/L 85 CACI3 lc==- MG/L -==>1 /100ML CM

787 2712 78043 wrax 5,35 53, vtrre wwra wvaa 2.0 swwr 131,
787 3/ 4 753063 wawe 4,24 43, waveik woewew wxws <1,0 wewxr 135,
787 3720 73079 weexr 4,99 37, rruxx eecs mewwx 1,0 wrwe 157,
T8/ 4/ 2 78032 sxex S,.62 44, xast mawwe wrxe 1,0 sxwwr 154,
18/ 4717 73107 wwxx O, bl 360 *rxw wawx wrwwx <1,0 weww 33,
787 5/ 1 78127 7e0 5450 35, xwrwe wowxr wrwe 1,0 sewr 100,
787 S/721 781él wwww 5,45 53, wraw wrrw xewsr 1,0 wwww 117,
787 6/ 6 TBIS7T wx2e 6,77 110, wxue wxewe m2vesr 1,2 swwe 127,
78/ 6720 73171 weaew 7,27 965, wwarx wawn wwww <10 wewr 117,
78/ 7/ & 78135 15,0 644D 96 »wew wmex wewe 1,0 swwe 133,
787 T/17 T8198 wwwew 6,39 95, svww vere wexr 1,0 weww 171,
787 8/ 2 78214 165¢1 6£.53 1ual, wvwn wews awre <1,0 wewwe 156,
78/ 8/16 73228 wwew 6,63 150, #vex wver woesr 1,0 »#wee 133,
78/ 9/ 3 78246 1647 660 129, wwan wwwr awew <1,0 #vse 170,
787 9/18 78261 wwwx H.59 126, xxww wawr wwew 1,0 ewww 147,
78/10/715 782338 7e2 635 151le #*#wex wevew wwww <1,0 0.2 122,
78711712 73316 #*wwe 5,54 33, woaw worese wear 1,3 «war 139,
78712716 78350 103 6645 101, 2eew mwer xver 1,1 wevxre 107,
79/ 3/ 3 19062 0e3 685 132, #wwaw woews wewe 1,1 wexwe 103,
797 &/ 1 79091 wweer 7,03 200, #*xax «wvex wrws 1,0 »s¥we  I1,
1.4
1.0

7e2 <xeex 0,075 0,05 €Je02 2.52 wwrwan wave
werww 0,005 0,040 0,02 <3.02 1,04 swwvewnsr sawe
wxvexs 0,011 Co041 D.01 <2,02 1.28 aavennr wuvwyx
swvwwewr 0,011 0,024 <0,02 <C,02 1.06 Q¢ wmww
vxwerw 0,059 0,150 0,25 <2,02 0,66 sxvtww satw

Sed D4026 0.033 0,05 <0402 0,94 savwwr wrne
swxax 0,006 0,034 0413 <0,02 1,36 wwerre swaw
meexw 0,002 0,072 0402 <%,02 154 wwtwns #xrx
wewre 9,013 2,036 0 02 <2.92 0,96 swetnwsr waux
»vxrw 0,063 0.0%5€ 0.13 <3.02 C.7¢ O werw
vxxww 0,056 0,124 0,43 <Ca02 2432 nxstwne »axw
wwweww 0,025 0,080 0434 <7.,02 1,60 wevwaw seve
wwvre 3,039 0,069 #rwx <0,02 1.52 wherwxr swww
wwwww 0,037 D,076 0430 <5.02 1.84 wovwnn warw
twwnr 0,041 CoCHO QJabl <2,02 1,50 swvisen wawe

2e¢5 06021 0.046 0.22 <002 1,60 O, wwnw
svenw 0,016 0,020 Col3 <C.02 0,96 wwerwsr warww
wweax wwexn 0,032 0,12 <31,02 0,92 arenas veve
mewnx 0,013 2,057 0415 <5,02 1,10 wesewnw sure
wwwrtxr 04011 0025 Del8 <Je02 (BB #wwhwuw wwww
wewarw 0,014 0,035 0415 <002 0,92 wwvvax wawe
avesxw 04010 0,045 0403 <0402 1,04 wewwww sxaw

2e3 Vo019 0,053 0412 <0402 0,98 tvvwnw wunks
sewewe 0,015 CoC30 0,10 <0,02 1,44 axvwxs wawe
wwrww 04023 CoC30 0,04 <3402 G088 wwwwwr suvwe
wawbexr wwwaw (0,040 PR Ch A WRERE ARERRXR R AW
weswx 0,021 C.CSQ 0.09 <D,02 1,08 wwewww werw
ewxewr 0,005 0,045 <0,02 <3,02 1,08 swewann woww
wemwew 0,022 0,040 <Q.02 <J.02 lel? mvtwuw wwew
wwwwrn 04013 CoaC33 <0,02 <Coa02 0,50 aavwax vuxw
awwrax 0,022 0,030 <0.,02 <0402 0,76 wwwwar waww
waxwwwx 06021 0.030 <0402 <Ue02 Qobl ewrvwxw waww
wwwxw wwxxx 0,C30 0e04 <3,02 DeB4 mrtuwxuww =xwww
wawwe 5,008 0,020 <0,02 <0602 0,68 wwwwarxr wawe

1e7 0,013 0,020 0.04 <Ce02 0,68 wwwnww saww

(AR ERFYIR VI BESVIEN]
o o o o ® & & & v o o .

797 4721 79111 2.9 6.01 STe watn wawr Newx wxwe 77,
797 S/ 7 79127 wwxwx 6,46 37e whew vrww wext < Cw e 30,
797 5719 79139 9ed 6He54 1)4, wwax xwxxw wwxw <1,0 7. 194,
797 6/ S 79156 dwxx 5,95 116, wawk wwwn wrww 1e0 wwoar 25 e
79/ 6/16 79157 1342 6,56 131. =xwiaw ewen wxee wver wvew 104,
797 v/ 2 79133 arer swvwr 131, whww wwwzr wrrr <1,0 vewe Y4 o
79/ 1716 79137 1569 6463 15336 xwax wxwe wrav 1.6 *+==x» 107,
797 7730 719211 enww 7,00 2)5, wraw seks w4wve wAkE¥X CwwW 97,
797 8711 79223 15.6 6867 150, w#xw *wwn wwxw S.e6 D40 I6.
797 3727 79239 wwxe £,95 153, =xwaw wxwry wwew 12,1 wwww 31,
797 9/ 8 719251 13.4 6649 175, *#xux waxwx weax 19,0 wwee 33,
797 9723 79266 *wsw 7,04 220, *#2ek wwetx weev 16,9 vwwe 33.
797107 & 719279 9e3 He73 199, wwax wwwa wwax 18,1 wwwe 74,
79710721 79294 wawx 6,92 153s wwaw wwwv wwwwr 21,9 wwae 72,
T9s/311/7 3 79307 448 6652 178e w*venx wanx wewx 25,1 rwwe S7.

* »
* % o o

OO IO OO OWF &t & Qe ks 2O NM)IN =t =2 1) = gt 2d b s O

e o e o

D NNNONRAMANOE 2 DENANDNVDONSENO NNND~ O VNI & OO0
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APPENDIX A continued

Water quality data for the Drummond

treatment bog:

the 0.4 meter

well at site

13.

CALEND ULIAN wATE

DATE JATE TEMP PR CIND ALK THE0AX=A%]> CL o2C €13 3225 8GU2C0 JRTKD T=-¢ Nk h023 rRJLON F CGL TaABL

C UMHO MG/L AS CACI3 lc=== : MG/L -=e>) /100ML CM

787 37 & 73063 wwew 4,33 53, #wex trwe wexx 1.3 wrxwe 203, evwe axxtwv 0,148 0,200 1,02 <N,02 2.92 awvanx wwaw
787 4/ 2 78032 wawe 5,23 ChHe *wxx wwewn xxwxwr 1,0 xwwe 73, 15,4 awvew H,.956 0,143 0,09 <2.02 0,50 Q¢ wwnw
787 /17 78107 wxex S, 70 38, vtdwe wewxr owew 1,0 wwes 132, 5.7 wxewwr 0,136 0,270 0,02 <Go02 0,30 serwwt wune
T8/ 5/ 1 18127 B0 5e0) 4ile wtexw mwex weaw <1,0 arese 105, el 4¢3 00015 0,046 Qe13 <0,02 1,086 swweww wwuw
T8/ 5721 78141 *eex 6,10 40 *vew vvesr wooe 1,0 wewr 117, 1,6 soensw 0,008 0,034 0.06 <3.02 1,44 swsvawr sawe
78/ 67 5 TBL157 wwwxe 5,33 42, xrrw mewex wewvv 1,2 wwer 136, 3,1 wrwwr 0,021 0,052 Q.13 0,02 1,48 swvncr wane
787 5720 78171 wsrew £,16 33, ware exww wvew <10 woewr 149, 1.7 wewwe 0,046 04064 0018 <2,02 1,32 swvwnsr wene
787 T/ & 78135 13,8 S.77 4be *wra wxww wwer 1,2 wwae 150, 1,5 wwwxe 0,037 0.053 O0.64 <3.02 1,76 Oe taww
187 7717 78193 wewwx 6,39 69, wwwrt wewe wvewe 1,0 weww 173, 1,8 wvwenr 0,072 06120 0479 <0,02 2,28 wawwtwe wewew
787 37 2 78214 1541 6621 Y4y #w#wex wwwra wwxxr 1,0 wewwe 163, 1,2 wwweww 0,057 C.132 0,346 <C,02 2.20 ewtuanr weww
787 8716 78223 wwwrx H.15 93, wove wwwv waew 1,70 wwww 175, 3.3 sreanw 0,061 0,140 wwww <0,02 2.54 wavwve wans
78/ 9/ 3 73246 1562 B6ed> 105, #trww wwww wvxewr 1,0 wreew 182, 1,5 wwwrw D057 0,129 0460 <0,02 2.28 wwewns sawn
787 9718 73261 wxxnm £,50 102, exew wuvx wevs 1,0 wwww 153, 1.4 wwewx 0,073 0,110 0,59 <0.02 2.00 awwwar wewn
78/10/15 76233 7.3 0,90 132, e«xxw weas xrex 1,1 0.3 153. 1.5 3.2 00053 04083 04380 <2,02 2.44 O mwuw
76711712 73316 s2ex 6,158 133, wvaw awww weaxr 1,4 wrewe 136, 1,3 ewwwew 0,031 0.C66 0,68 <2.,02 1,52 swwwwsr sawe
79/12/716 733590 1e7 6412 1)6s wwww wewar wwer 1,1 wwww 133, 3,2 seewx wswwvev 3,035 0434 <0,02 2.60 wavwwrv newe
197 3/ 3 79052 0eS 6052 128¢ wraw wwas wwwwr <1,0 wewwe 132, 3,9 wrenr 0,031 0,C70 1.10 <0,02 2.34 wwewne saxuw
79/ &/ 1 79091 wwsxw 65,24 I2. wawne wwwr wwwvr <10 wwww 120, 2,8 ewwew 0,027 0,075 0.94 <3.00 1.92 awewww saww
79/ /21 79111 1e8 557 59. wwww wtwx wwae <1,0 xwwx 103, 2,A3 wetwx 0,047 0065 1403 <Coa02 2,32 awéwws wane
797 3/ 7T 79127 sweww 6,43 55, weaw wxvwe weaw 1,0 wwaw B4, 1,3 wwewwe 0,008 0.045 0.15 <3.02 0.88 wvrewsr sawe
797 5/19 79139 9e8 Be36 Sle wwww Fwwx wrxer <1.0 0,0 100, 1.2 2e5 04011 0.035 0411 <Ce02 0,90 wxennz waww
P9/ 67 5 79156 wwex H,84 T8, wxuw wwwx woax 1,0 wxoe 105, 1,0 wwwwwe 0,010 0,040 0.383 <C,02 1,56 swvenr nune
797 6716 79167 117 6.4l H9y wrex wewn wxrew wxwxw wxwe 104, nrewy xvwwer 3,001 0,022 0,22 <2,02 1,00 sawenwn wawe
797 77 2 79133 wwwwe wwaw 111, waww watxw wwzw 1,0 xwewe 110, wewsr wwrwv wxwiww 0,050 wrwx HEEW WHNRR AN I AT SRR
797 7716 79197 14,0 6066 106, nwwn wxwa wwer R,0 wexe 93, 2.0 wwaww 0,031 0,050 0,43 <0,02 1,36 wwswwne wown
797 7730 79211 wwwe 6,89 135, weww wwtw wewr wwwd Sewe 39. De? woawwnr 0,011 0.03S 0,346 <2.02 1,40 sveman wane
797 3711 79223 15e5 64566 120, wwww wrre wsawx 11,3 J.0 25, 1,0 swwewsw 0,026 0,040 0O.44 <C0e02 1,12 nwvwwrt wwee
797 3727 79239 waae 5,93 132, #vav «cxvr wonwe 19,4 waewenr T4, 0,8 sxsewx 0,018 0,030 0,36 <0,02 1,08 awewew wann
797 97 8 79251 129 693 157 whax weww wvxxe 23,9 #exw 73, 0D¢8 waiwx 0,029 0.C40 0.51 <0,02 1,24 awenwnw vawe
797 9723 79266 wwxw 7,17 230, wwax wevwr wenr 25,0 wwwe 58, 0,7 wweaw D013 0,030 D.644 <0,02 1,12 wewwene wuew
79/10/ 6 79279 9eB 6095 194¢ wosw wwwee twuw 25,3 wrwe 55, D,h wwvew wwaxe (,025 056 <0,02 1.3C swevnr sawe
79710721 79294 wwwx §,93 14le wwaw wuws wwnx 24,3 wwsn 79, OJ,7 wxwxwwx 0,012 0.020 0.56 <0.02 1.28 wwwwwrw wwww
797117 3 79307 Se0 6063 109e #%uw xaxw wwrww 28,9 wvwe S53I, 0,9 1¢8 04018 Co020 0443 <0,02 1,00 swwwwn szwaw
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APPENDIX A continued

Water quality data for the Drummond treatment bog: the 0.4 meter well at site 14.

S P

FATE
TEMP  Pr CIND ALK TRCA=HARD CL DU 230 450S 8G020 JRTHD Ter NH4 v523 «JLON F COL TASBL
C U4HD MG/l AS CACCT j<===- MG/L “==>{ /100ML CM

2017 5,035 0415 <2402 1.59 sadwaw wwwe

787 3720 TB079 wwwr 4,54 Gu, wevwk wxxwr swavr <1,0 swer 154, ol wexxe O

78/ 47 2 73092 wexwr 4,65 30, wraw woen wxxwe <1,0 »xnwse 127, off wexws D,318 J,05) 04156 <3,02 0.9% Co »uew
787 4717 78107 ewex L, 42 35, mvxe «exew wwxx <1,0 wewe 107, oS5 wxeax 2,315 04015 02,02 <0,02 C.S5C wewwnn saxw
78/ S5/ 1 713127 6.0 S.70 41 wwrw *#rww wwerx 1,0 wxew 99, R a7 04032 24042 0,10 <C,02 1460 waewnr waww
78/ 5721 7814l ewwex 5,15 29, rwawx wwrs wvar 1,0 wwewr 126, o7 wwwxw 0,718 0.056 0405 <0,02 1,74 weeawa wawe
787 6720 78171 #xwx 5,93 32, »wex exrx wwer <1,0 wawe 1S4, oh wewxe 0,038 0,064 0,05 <0e02 1,20 nevwexr wawe
787 77 4 781835 14.5 6405 50, =wwx wrxw> wwea 1,0 »weex 155, o7 wxwwxx 0,025 0.056 0,14 <2,02 0.7€ O #ewe
T8/ 7717 738198  wwww 5,55 47, *#»+e 4vewr aeve 1,0 ewwv 135, wreaw 0,340 D063 0,11 <2.02 1.68 wawene vawe
787 8/ 2 78214 15,8 5.63 49, *xwx wrer #xree <1,0 0.7 175 wwxxw 0,040 0,030 € .21 «0,02 1,60 Oo suxe

«wxwx 04032 0,082 wwwe <J,02 1,92 swxtwan wane
cewnw 04123 0o054 0,07 <CoC2 1,46 srwvan suuw
wxwwe 0,033 0,050 O0elléh <Je02 1,40 weweww ssee

301 024028 Co044 0.26 <0.02 1.74 Oe waww
swxrrw 0,020 0,030 0419 <3.02 1,22 sweaney wxne
wweww whaowe N, 0484 04,25 <0.02 1.36 #xoewan vave
weansr 0,014 0,040 0032 <0eC2 1430 #wewws vawe
wewnr 0,009 04029 0422 <Ne02 104 wowrexr swew
wwwxexr 0,012 C,.0385 0,23 <0.02 1,20 wavens wonw
wvwwe 0,009 0,155 0410 <0,02 096 awewwwr wowe

2.6 04011 0.C43 0046 <0a02 0.94 nwwnnw wiew
wwexx 0,010 0,011 Q.48 <N,02 1.04 waewaw suww
cvwwkn 0,029 0,070 0086 <0402 1412 ewwrwn wene
w#wwxw wkwxwxe 0,050 'K R X3 RAYE CWRAN WRIN AN WARE
vwwww 0,038 0,065 0422 <0402 1420 #vodhwnr wwnw
ewenw 0,013 0,035 0,02 <0,02 1,32 wwwwnsr #azx
wwwxx 0,040 N,060 0,05 <302 1,32 awewsr warw
wwewr 0,021 0.050 <0402 <0e02 1,00 #wwwws naxw
cwvaw 0,041 0,050 0,18 <2,02 1,04 awdeww maxw
wxeew 3,022 04030 0412 <2402 1,00 wwvwwn wure
wwwenr wwvwwwr 0,040 0,14 <0.0C 1410 owwwww wwnw
wewwex 0,007 0,015 0422 <De02 1,08 wwewaw wowe

2¢6 04012 C,025 0ell <0,02 0,76 wwwwne wanw

3
1
1
1
1
1
1
1
. 1
P87 3716 73228 weww 5,16 73, mevv wvew 2wsr 1,0 wwwe 157, b4
787 9/ 3 73246 15.3 6.50 7The wanw «xww xwvxr <1,0 0.0 193, 1
78/ 9718 73261 wese 6,39 Dlhe Wwaw wwwe wwee 1.7 *#ave 157, 1
78710715 782338 Te2 6477 36 wrew wrwv wrxv <1,0 OQ.4 162, 1
78711712 78316 #www 6,12 56, *xvxx wewx wwee 1,3 wwwxe 139, |
78712716 78350 1.2 5492 4Te *wrnx vaeww wwaw <1,0 wewnsr 136, 2
797 37 3 79062 0.9 6,21 98¢ Awwr wrwr whair 1,0 wwww 144, 2
797 4/ 1 79091 wwaw 6,46 324 weww wvvwe wwwew 1,0 weswr 113, 1
797 &«/21 79111 1.2 5470 Sle twaw txey woewx <1,0 wewwe 3% e 1
797 S/ 17 719127 anvev 6,48 351, wwww wwvw wver <1,0 vwww TR, bl
197 5719 79139 9.0 6412 46e *haw wwwar wvaeer 1,0 wxwwee 109, 1
79/ 6/ 5 79156 +*xxx 6,47 31 *#%ww xeww w#xaxw <1,0 xexve 107, ]
79/ /16 79187 13.1 6.05 42, twkw wxwww wwwr whwe wwwe 134, ww
797 17 2 79133 EEEE RE AN 37e wwxan whex wazw <1,0 wwwwr 135, ww
797 7/16 79137 1447 €e69 32, wrek wwrx wwxw 1.0 »wese 152, 2
797 7730 79211 wwew H,051 102, #ard wawr whwxw wxerw wwee 157, 1
797 3711 79223 15.1 6452 3be wHEW WrxkF ANaw 142 D40 187%, 2
79/ 8727 79239 +wxev 6,33 T9e ®*w*aw wwww wwruz To5 wxxe 1327, 1
797 97 8 79251 13.1 6.13 32¢ tuxF wEwe mhuw Te2 wwwxr 127, 1
797 9/23 79266 wwxwx 65,45 Gl, Fwawr wewr wwow 7.2 wwww 117, 1
79/10/ 6 79279 9.9 6He4B 95, wmuuwr wrwwe wwww Teb »xvx 109, 1
79710721 79294 wxwnx §,97 108, w¥waw wwew wwww 9.0 »wx=w 125, 1
797117 3 79307 5e¢3 6031 964 mwww wwaw wwsw 14,0 wwew 71, 1

4 % e o & o o o & o+ & o * o * @

ANWND NI OAE IV ANAANDITVVESEN AN AO NN
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APPENDIX A continued

Water quality data for the Drummond

treatment bog:

the 0.4 meter

well at site 21.

CALENDAR JULIAN RATER

GATE DATE TEMP PH  CUND ALK TRLe=HeE2 L o0 CA% 494158 8032C CRTHD Te-P NH&4 . ANC23 KJLCN F COL TABLE
C U440  M53/70 AS CACCY jce=- MG/L ===>( /1N0ML CM

77711718 17322 #wex 5,51 131, amse vxve xxve 2.2 0.2 «vww 11,7 wwenww .01 0,219 0422 0.03 2.72 sxvnnw wawe
17712729 77363 weew 5,35 119, wotw wuvr wasxe 7,4 waww 131, 39 wxvew~ 5,034 0,090 D.43 0.04 1.36 xewenw wxnonw
78/ 2712 73043 ewer S,.65 14, wmtw weex wxrw 6.4 w»wwe 145, 5,9 11,0 wwweww 0,100 .41 <C.02 1.80 swwmsn saayw
78/ 3/ & 78063 0ed 5436 326 *ver wvaw wswe 1,5 sewe 157, T¢5 wewww 0,023 20150 I.39 <0.02 2.04 wwetuxr sune
787 3720 78079 swewwx S,.59 J4e tviwe wwexr wrae 1,0 wwee 154, TR reews 0,009 0.041 0.29 <I.02 1.83 awvwnr wwnew
78/ 4/ 2 78092 <ewxx 5,59 73, weaw wrew wwee 1,2 xewer 133, 2,1 wewew 0,015 09,042 0,25 <0.02 1.78 O »ene
78/ 4/717 T8107 wwwx H,65 2, xxws ewex wrwew 1.4 wwwe 152, 2.2 ervrwx 0,017 0,065 0415 <1,02 2.52 swenne szoane
T8/ S/ 7 73127 «wxw 5,60 )0, wwew wwws awvr 1,5 =eew 128, 4,8 Te9 06040 0.C686 0433 <0.02 1,86 wwwaww wanw
78/ 5/721 78141 wwxwewx 7,03 130, wsvaw wwwrs wxwe 1,0 waww 119, 1,0 exxre 0,006 NeC30 0 25 <N,02 1,74 sarenw waan
78/ 6/ 6 TB81ST wewex 5,92 124, wtwxs weew rvev 1.2 »wee 171, 1.2 ssven 0,024 DeCIA 0.35 <2.02 2.50 swonmk swww
787 6720 78171 swxe 7,13 148, wwwew ecrwx were 1,1 wwen 153, 1,2 wewre 2,008 0,064 0433 <002 1.30 awewnr wawe
787 7/ 4 78135 14e5 6605 1576 awwx wsrxre waxr 1,1 woewe 95, 1,4 worvdn 0,012 0.072 0430 <3.02 1.36 wnveaw saune
78/ T/717 78198 #xew 5,50 159, wxwvd wrws wwewr <1,0 #ave 139, 0,9 wawwew 0,030 2,036 0429 <Co02 2432 wernaw sxuw
7B/ 387 2 78214 15,0 6022 155, wxwew erxv wrwer 1.3 2axe 1855, 2,0 wewor 0,018 0.096 O0.44 <3.02 2.44 Qe new
T8/ 3716 765228 wxxx 6,05 157, txxx vwne wrwx 1.0 sews 159, hoel wwewer 0,045 0,105 wwxx <C0,02 2.54 sweeanw duwe
787 9/ 3 70246 14.5 6643 237 »%sx mxavr wwwew 1,0 wwwe 2)7, 1ol #owen 0,021 0,076 0433 <002 216 wwennn eaxe
787 9718 73261 »wex £,03 209, wxee wwwr wwew 1.4 wewre 194, D,3 wewxw 03,025 0,050 0.32 <3.02 2.04 awvtwse whuw
78710715 78233 7¢9 6460 2304y *xew xxex weaw 2,0 0,0 131, 1.3 367 264039 CuC70 0454 <0,02 2434 wwownw swwnw
78711712 78316 *wwe £,83 225, *wax waws wwww 1,5 warxe 155, Q0,7 sxwwv 0,011 0.030 0424 <0.02 1,62 wnownn sawsn
T8s12/16 73350 2¢0 6419 1ole wvew ewuwn woee 1,3 wwaw 155, 4L,h wewnw wovew 3,124 0,57 <0,02 2,16 eovenv save
797 2712 79043 wewe 6,52 275, xxew wwwr wwer 1,3 wwww 164, 1.6 #eexv 0,031 0,052 0416 <0.02 2.00 wwovwsr wawe
797 37 3 79982 1e2 6629 170s #naw wwww weew 1.5 #was 172, 3¢9 wawrw 3,037 0,090 0,71 <2.,02 1,98 axtmuw vaww
797 4/ 1 79091 wawe 6,38 146¢ ahwr wwww wwew <1,0 woeww 151, 4.9 wwwww 0,037 D,11S 0,63 <0402 1,96 wawwnvr %www
T®s 4721 79111 13 S5e?73 Y5, #*#waw wvwe wewe 1,0 wwww 142, 2,0 wowwen 0,046 2,055 0480 <3,02 1,92 aweaws sure
797 57 7 79127 wxex 6,33 157, whew wwww warw 1,0 2wer 149, 2,9 wewwes 0,026 0,070 0o43 <0402 1.80 wewwne sxawe
797 5719 79139 Ted 6602 1uide *has weowr woerw <1,0 ewww 165, 2,1 3e7 04336 06090 0.6& <0,02 2.04 wronwe wwne
797/ 6/ S T3156 swee £,57 120, wxwxw waxxr wwaxvr 1,3 wwwr 153, 1.0 «wwwn 0,038 0,060 0.73 <0.02 2,20 sxwwnr wawe
797 6716 79157 1241 6605 104, wwww wswe waoew wxew swewr 187, 2oww sxere 0,058 0,170 0470 <Coa02 2436 srwteww nuwe
767 vt/ 2 79133 wree wwwt 179, wwwr wwwv woewevr <1,0 wwwve 157, wxxr wrwwx wwewe 0,100 wwae CRRN AXARA AR NA AN PRPE
797 /718 79197 1341 8449 200, wwaw wewn wvxe <1,0 weww 191, 2,1 wrweew 03,070 0,117 0,87 <3,02 2.40 wvwer weee
79/ 7730 79211 #exw 5,50 176, wwww wwewr wwxw wwexr zwwwr 1852, 1.2 werwrx 0,023 J,070 D.H2 <3402 2,64 auvrww waww
797 8/11 79223 14,7 6445 170, #»xaw #wewsr woerxw <1,0 wwwwe 204, 2,6 wrexsw 0,081 CoC90 0472 <3.02 2Zobbt wxxvxae wxxw
797 8727 79239 ewwex 5,27 110, =wex vtxww axxxv 1, rxuw 178, 14h wwvxe 0,047 0,090 0.65 <0402 2.12 wxxexxe waww
797 9/ 8 79251 12.3 6423 170, wtaw wvww wwnvw 2,2 wwwr 137, 1,6 wwwwv 0,063 0.C80 0.76 <3402 2,16 wwowwsr xwww
797 9723 79266 waww £,52 177, wxwr ecwws weee 2,1 wwwwr 183, 1,7 waenrwr 0,057 0.4C80 0.68 <Coe02 2.24 #weniuw whws
797107 6 79279 1041 636 174, *%ew whex weww 2,7 wwar 155, 1,5 wwwww woewww 0,080 0,72 <3,02 2,24 *vtrwy waww
79710721 79294 #www B.44 155, wrww wwwwn wwwx  I,7 wwww 202, 1.4 wrwww 0,027 0,040 0,73 <0,02 2.24 wawwew wenn
197117 3 79307 Sed 6407 155, wwew wwwwe wwwee 5,0 wwwvr 137, 1.4 300 06039 00065 0663 <Ce02 1,72 nwewnwe sarw
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APPENDIX A continued

Water quality data for the Drummond treatment bog:

the

0.4 meter well

at site 22.

CALENDAR JULIAN rATER
JATE JATE TEMP  PH CuUND ALK TAaCA=HARS L on TC0 3205 50720 ORT40 T-P NHG w023 KJLON F COL TASLE
C UAN0  MLG/ZL 48 CACDS o=~ MG /L ~==>{ /100ML CM
77711718 77322 440 6047 48, wrxw waww wxes 1,0 0,5 ¥wrx 7,3 woewwr 0,035 042795 0,03 0,01 1,92 awewwan save
77712729 77383 240 5440 99, wwarx wxwew wwae 2,9 wxax 223, 15,35 wevww 0,108 0,186 0403 .03 1,25 weewan wune
787 2712 78043 ewxxx S,06 Sle wwaw w#xer wwaw 1ol wwes 142, Telbh 13,9 w*#wwee 0,135 <0.02 <0.,02 1,10 rxvrwx sane
78/ 3/ 4 75363 swx= 5,01 32, wrew evex awax <1,0 wxexr 135, G4F wwxwew 0,024 0,150 0,01 <0.,02 1,02 wevwse wune
T8/ 73720 78079 #eax 5,02 51, wrsew wwwe wwew <1,0 wxww 153, 5.2 ewxxr 0,043 D.C78 <0402 <0402 0.9] #wwerwe wane
78/ 4/ 2 738092 wewe 5,70 358, «vwx wxxe weve 1,0 ewwr 154, 3,2 awrxw 0,029 0,C71 <0.,02 <3,02 0.9¢ O wawn
787 5/ 7 7B1L1ZT Bed 5.0 ols wrax t4er wurw 1.1 wwwe 1009, 5.4 o3 06213 Ne030 <0,02 <0402 0.32 wwtwew waww
787 5721 T8B14l wwwx 5,59 77, x2xx wxvw> wwew <1,0 wveww 120, 3.8 wexewe (0,009 0,03R 0491 <Coe02 1,10 wwonww weve
78/ 6/ 6 TEL15T  xwux 5,84 35S wEaw Fhwx wewr o4 »x2x 141, 1eB wwewun 0,N27 0.C80 0.02 <C.02 1,68 wwvwax wuww
787 €/20 78171 suwsx f£,97 0be ¥warxs vid3r wrex Jel wa=x 155, 109 xewwx D020 JaC5% <0,.02 <3402 1,08 awtwws wave
787 7/ & TB1lHS 11l.4 S5.94% 109, wwaw nreww swer 1.2 00 lobe 2.1 wrewx 3,040 0,076 <0,02 <5,02 0.6& e nnre®
78/ 7/17 78198 wwex 6416 110, ¢van wvew mvee <1,0 ewwe 170, 147 #wwwe 0,087 Cal152 <0402 <0402 1,60 asenwn varw
787 8/ 2 78214 1840 5489 112 wwex wwir wwre 1ol =axe 191, 2,0 sxexw 0,028 0,132 <0402 <0402 1,24 suvnwe xuwe
787 8716 78223 wewxx 6,020 121. wetxw ewws wxce 1,0 wrww 139, 2.7 wxwwewx 0,061 0,129 warew <5,02 1,56 wewnaw wanw
78/ 97 3 73246 17.5 €e24 115e »rav wrmxe wwxe 1.0 wews 133, 1,9 #»xwvewr 0,276 0,168 <0.02 <2.02 2.04 Q¢ wumw
78/ 9713 78261 vawx 617 136, wnew wwaw woewr <1,0 wxwr 175, 1e6 wrwaw 0,118 04170 <0402 <3408 1448 wawnww wane
78710715 75236 BeD 6019 138, xvww wxwr wrwx <1,0 0.0 173, 1.3 3.7 0.143 0.194% <0.02 <C.02 1.40 O *whw
78/11/712 768316 wwxe E,55 222, %%k xxwe wwew led =vwe 156, D.7 mewww (3,039 C.C70 0.05 <0,02 1.0Z2 awewwn waew
78712716 73350 Dot 543 300 muww woww wvoew 1.0 »xee 147, 3¢ wxexw wwwnw N,108 0,01 <5,02 1,12 awerne wane
797 37 3 79062 0e8 5956 120, wvex wwew wewnr <1,0 sw»v 157, bols wwwme (0,079 0,140 0,01 <C.02 1,10 axsanw waww
797 4/ 1 79091 wrae 65,03 109, aaxv xewve wxwevw 1,0 swesr 149, 3¢5 wwwww D161 0o225 0402 <0,02 1,08 wavrae naww
797 /721 79111 3el 5455 536 wrew wanx wxree 1,0 *xwewe 92, 345 wwvwr 0,136 0,155 0,03 <2.02 2.32 anvenre vaun
79/ S/ T T9127 «wex 5,99 32, wwaw #awx wver <1,0 wwwe 129, X4 #rwwe Jo144 0,205 0402 <2.02 0480 stewwe seww
797 S/719 79139 104 S.€3 he wvrer wxwvww wxrn <1,0 wwww 145, 34 Se7 Oelll 0,208 <0,02 <2,02 1,10 sxewwx wwew
79/ B/ 5 79156 #wew 5,40 46, xwww evrw wwwrx 1,4 werw 164, 1.7 wrwaw 0,267 wanexr 0,12 <002 2,60 awvwuw vuwe
797 6716 79167 13e4 4495 56 *ver kvww weve wtaw swaw 173, weww wewew 0,188 04,457 <9.02 <3.,02 1,56 #ewwwr wwae
797 77 2 179133 *RRH WR AW Jhe WEHER Wwwa whww 2¢2 wwaw 151, vrer wwrvww wwwwe 0,240 wwew AT RRCRRN ARTAAIN P Aw
797 7716 79197 16.3 S5.72 Yoo wwaw wwew wwue 7,2 wwer 137, 2¢? wxwww 0,159 0,160 <0,02 <0,02 1.16 weoveww wawe
797 7730 79211 wwex 5,41 125, svww *vnr wawe wwrw vwwe 135, 1e3 wawwr 0,104 0.200 <0.02 <0402 1.h8 weewnw vunw
797 8711 79223 16.0 5¢91 140, #wew wvew waxx 19,0 0.0 114, 1e6 wowaw 0,138 0,170 <0.02 <C.,02 0.9 wwwenw maww
797 8727 19239 whww 5402 150e wwaw wewsr weww 23,5 wwwwr 104, 1.5 woenw (5,106 Colt0 <0.02 <2,02 De76 maxvvne wawe
797 3/ 38 79251 13e4 5032 1/S5¢ #www wwxwe awwsr 32,0 xx+s 1073, 2.2 wrexw 0,131 0,240 <0.02 <2,02 1,16 wwvawr nnww
79/ 9723 179266 #*eww £,25 220, aswsr wwww weww 28,5 wwee 1037, 1¢5 wxwwx 04092 0.150 <D.,02 <0.,02 1,04 wewwan wwwe
7971907 & 79279 9o 5690 210, wrex wwwsx swer 28,7 wxwew 90, 1eh werwe waeww 0,100 <0402 <3,02 0,98 wwewsww waww
79710721 7929 #xxw $.33 220, *waw wwwsx wrew 30,9 ewwsr 100, 3,2 wxxwrx 0,016 N,050 <0.02 <0.,02 1,08 wawwwe waww
797117 3 79307 49 Sell 230, mexw wwaw wwww 3T, 3 wavwe 7h, 2,1 345 06034 04060 <0,02 <0e02 0488 wwwrwr nwen

€oT



APPENDIX A continued

Water quality data for the Drummond treatment bog: the 0.4 meter well at site 23.

' WAT
TEMP PH  CTIND ALK T&CA=HAR: (L 3] C32 8775 &LI2) QRTHO T=-° NH4 N023 KJLCN F Cul TasB
C U4HD MG/iL AS CACRI (Qe=- MG/L ===>{ /100ML (M

xeeww 5,020 00123 0,24 J.04 0,81 wwetwaw wanxe
sxwne 0,020 0.C50 0,11 <«C.,02 2e690 awvwne wxww
wxwww 04024 04073 0410 <0402 1.25 wxwtaw wonw
werur 3,023 0,075 0.05 <t.02 1.3 Qe wwaw
wrwxex 0,009 0,045 0403 <Co02 1,18 wwwvenw waew

52 06060 3.C30 0425 <0402 1,38 aweenw sune
wawexx 0,009 0,C24 3,07 <C,02 1,30 awowne weoew
werrae 0,022 D.C77 0,04 <1,02 1,70 wretwe waww
wrrwx 0,014 GoCas 0,11 <002 1,32 aeennn waen
sevexe 0,020 Coldd 0424 <0,02 1,04 wdwown wwxw
weawe 0,041 0,100 0.22 <2,02 2.00 swonne waws
wewxw D,014 0,080 O.14 <3,02 1,30 wawvewe wwnye
ceeverx 0,032 0,085 wwwe <3,02 1.S6 wionwn waws
awwww 0,028 0,078 0421 <3.,02 1.84 wesxnsw sexw
wrwwx 0,040 0,070 D425 <0.02 1,78 wsvwnwr woww

23 04024 04,054 0427 <3.02 1.62 0o »hnv
wewww 0,025 0,050 0420 <Co02 1,40 wewwwr wanwn
wwwwn wewewk D, (50 0,30 <2.02 1,56 awewwsn sane
vrxexw 0,018 2,110 0,18 <0,02 1,22 ssenwsxw wwxn
«ewrvr 0,015 0.C5S5 0422 <2,02 1,32 srxtnwe sane
wovwwew 3,016 C.065 e23 <3402 1,52 awewww wawew
swwww 0,007 0.030 0e16 <D,02 1,00 wwwwnsw wonw

Ced 04022 0.C30 <0402 <Co02 O0,7€ muvmwwn wanw
wwvwn 0,016 0,090 2,04 <«0,02 1.04 wwwaxer wawen
wixww 0,020 0,040 <0402 <0402 0,90 suwaw wwwwn
wrwwx wuweww 0D, 050 R w EREN RTUIR AR CR AT FARW
weewer 0,016 0,060 0,06 <0e02 0,72 awvurw wwwn
wiweax 0,006 0,040 0608 <0602 1,24 wrewne wane
wwewxx 0,006 0s035 €0.02 <3402 0472 wwwrnw wann
werwx 0,013 0,040 <0.02 <0,02 0,72 mwenww suww
wwwrx 0,016 0,040 <0,02 <0.02 084 xtvwwwr wunw
waxwwx 0,009 0,050 <0.02 <C.02 0.92 sxvanw wauw
woewnn wwwnar 0,040 <0,02 <D,02 0.88 wwwwan wuwe
wwxwxr 0,005 06030 0.156 <0.02 1,12 wwewns wane

1e5 0,006 0.C30 <0.02 <0.02 0,76 awewnn waww

77712729 77363 wwxx £,07 30, weew voww wawe 3,0 wwie |
787 3/ 4 780563 De0 5¢33 330 wwaw sewv swwx <1,0 wswer 1
78/ 3720 78079 #wwe 65,04 100, wrew sxxwr wwwr <1,0 =xwewe 137,
78/ &/ 2 78092 wwex 5,81 37, awex vrew wrxe <1,0 wexe 140,
T8/ 4/17 78107 2wew 6,71 33, wwwe xvesr wwer 1,0 waewe 135,
78/ S5/ 1 18127 300 5410 36, rewr weww wwer <1,0 »wne 99,
78/ 5721 78141 weww 6,99 359, wvww vewe wwee 1,0 2wew 113,
TB/ 6/ 6 78157 #«sew 6,43 50, *wex wwax *wer 1,0 »»wvs 131,
787 6720 73171 wxxx 7,23 32, wkew xwex w*wee <1,0

TB/ 77 & 78185 1447 £33 72¢ awxww 2vxe shar 1.7

787 7/717 7TB198 wwaw 5,37 /1s xwew *xex wwew <1,0

787 37 2 TB214 166l 6,40 134, woxw wave wwav 1,0 sxwe 177,
78/ 3/16 78228 wwav 6,45 125, wwew wwes wwwex 1,0 wwee 135,
T8/ 9/ 3 738246 15¢8 6479 142, #xaw wxxx xwxx <1.0 xowe 135,
<1l.90
ﬁ.a
1.4
1.0
1.0

«wre 157,
rxwexr 154,
wr e 130,

787 9718 78261 wwxex £,75 156, xwex dame wwxw swww 181,
TB/10/15 76238 TeS 6077 15606 xnvr wrux ween 0.3 147,
78/11/12 73316 wwew 6,63 103, xwww wvww #wsx xews 150,
78712716 T38350 1.6 5493 Jde ¥wuk kwww mwwrw < waeer 141,
797 37 3 790562 003 6039 117, x+x% wxwx *¥wee < rwxe 141,
797 4/ 1 79091 <+wew £,063 147, wwax wewx wvew <1,0 wewr 133,
797 4721 79111 1ol 5483 36¢ wwwn weev wwax <1,0 #ewr 137,
Y97 S/ T 79127 #exx 6,51 358, wwwwr mwwsr wwew <1,0 wewx 33,
797 5719 79139 Tel 6423 504 *waw wewnx warxwv <1,0 0,0 9i.
797 6/ S 79156 werew 5,75 500 #vwxr wxwew wvwe <1,0 wwwe 111,
79/ 6716 79167 1061 6642 ©ple *¥ew wwvesr wexe wvew zwwve 134,
797 77 2 179183 wEE® Aw 92e WPRW HERE Whww 843 wewwe 101, »
79/ 7/16 79197 13.8 6.76 133, weaw wwws wwww 16,6 wwee 31,
r97 r/730 1r9211 tuww B84 17 4e What wwdw wwex wxax wexe 99,
79/ 8711 79223 14.8 6475 130 wews wasn wwex 28,0 waew 71,
79/ 8727 79239 wwww £.79 130, awwe wews wwws 35,4 wexs 54,
797 97 8 79251 1244 €.25 20h4e vtxsx wwwr wwer 40,7 wwwsr 6L,
797 9723 79266 wwwee 7,08 210, #*#wwe wwvww woww 37,0 eenvr 75,
79710/ © 19279 9e7 6499 198¢ wxww wxwa wxre 35,3 wxwax 55,
797107281 79294 wwaw 65,31 136 *vvr 2wwse wswrr 37,6 wwwr §9,
797117 3 rs307 S5e2 6466 134e wwaw wwnwr wwar 37,7 wwwx Si,
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Water quality data for the Drummond treatment bog:

APPENDIX A continued

the 0.4 meter

well at site

31.

CALEND ULI? WATZR
JATE JATE TENP  PH  CJoND ALK TECA=HAXD a0 G700 T=P NFH& AN23 KJLION F COL TASL
c Uardl Mu/. S CACDZ MG/L /1N0ML  CM
787 3720 78C7T9 wawewr 4,31 54, evaxx wwwy mxew xr ek ie0 0.027 0.0869 0.54 <0,02 AXERNT WA
78/ &/ 2 78092 *wew 4o 70 43, wrEE Awkr cwew *w e 1.7 0,063 Ca143 0.7% <«J.02 Je waww
7687 «/17 73127 txwn 5,15 37 ®#¥9r verwxr Cvnx Tm e 1.5 0.034 0.070 0.17 <C.02 AN ewwr BERE
78/ 5/ 1 18127 6¢0 Le00 38, wrwx wvri wwes rww 2.7 Jel116 0.134 0451 <0.02 AP ewEE PAAR
78/ 5/21 73141 wexx S,71 W0, ®*xa¥ wewsr wwrw rx e l.° 0,032 CoC3€ 0,42 <2,02 CHIERE RARR
78/ 6/ 6 TB1537 wwwxx 5,75 50, s#ver «xvs wrew 1 xwws 2.1 0.004 C.C38 Q.54 <0,02 Akeawe FARE
787 5/720 78171 wewux £,80 434 wvxsvw wwex ¥v-v J wwvws 1.5 06250 0.C78 Q.47 <3,02 AXERRN WAEE
787 7/ 4 73135 15,0 5464 57 wxax xvwx wvrs lel =awe 2.1 0.067 0.134 0,59 <«3,02 AT AT
787 7/17 78198 sxex H,06 3¢ wuxw wxax wewe <], 0 wxwe» 1.9 Ve0h4 GolS6 0458 <C,.C2 RErhxw Wk w
78/ 3/ 2 T82l4 1565 5433 32¢ =sxe wxeve vaxyr 1,0 wwxw 2.0 0.077 0.180 0,59 <C,02 TEeT A Shww
78/ 83/716 738228 wxaw 5,93 42, wien weve wrer 1,0 wews 3.1 0272 04140 *+ww <3,02 Aok TE wHAW
78/ 97 3 78246 15.7 betls 122, x2ae wwtx ween 1,0 swxi2 1.R D.0ph1 Co132 0474 <002 RawE A RIRE
78/ 9713 78261 ewer 6,13 93, wrew ewexr wrvx 1,0 wwwn 1.7 2046 0,130 0.82 <0.,02 rHNETE RAER
78/10/715 78233 7ed 6427 100, #raw wean wvewr 2,2 0.0 2.1 0.08% 0,132 0.85 <0.C2 Qe waww
78711712 75316 wwex S.57 30, warwe xewx wwvexr 1,1 wwes 1.7 0.035 C£.090 0.79 <C.C2 HAEE AN E AN
78712716 78350 13 5477 776¢ wrawx wvew wvenr 2.2 wwew 2.8 svwrxwe (0,137 0,89 <3.02 AhkexER WA
797 2712 79043 wwww 6,15 133, w#wnx wete w*wxs 1,5 srwe Lol 0721 04,100 0447 <3,02 rErraw HAwE
r97 32 3 719062 Oe7 5099 33¢ twrw weww wvenw 1,8 weer 3.3 0237 0.160 1.05 <3.02 At REY RAEE
79/ &7 1 79091 #waw £,21 97, m=wre wuwe wwewe <1,0 wwor 3.3 D.086 0.1570 0,95 <C,.,02 AW EN BAwE
7197 4721 79111 1.0 5.55 55e Wrer wwkw wwiw 1.0 woune el 0.063 0.C80 0.95 «<J.02 ARCNRE AWhE
79/ 57 7 79127 ewex 5,82 350, ##vew xwts wwve <1,0 *wvw 2.7 0070 0.155 0.66 <3.02 wRetwr Ferw
797 5719 79139 el 5487 374 weex warr wexr <1,0 rwwe 1.h 2,053 0,130 0J.62 <C,.02 e RN Anwe
79/ 6/ 5 79156 wawa 6,34 70, wrex €rwenr wwevr 1,1 waes 1.2 0.050 Ns140 0,33 <2,02 ERONEE WhwE
797 6716 79167 1leb 6.02 3he *vax *xwv wxaw wawrw srwe wxww 0.d07 0.090 0462 <0,02 A AR
797 /7 2 T9183 wewwx wwad 130, wrerxw wrex awee Sed wwow whk W axekt 0,110 worew L X R AR FANN
797 7716 79197 1heid 6453 157, *wew axwxes wwiv 11,3 wrow 1.9 0.0%2 0.150 0,71 <0,02 ARSAAN FAEE
797 1730 19211 wuwr B, 40 130, txww 2udw wrke webw wwoun J.9 0930 J0.C90 Q.52 <C,.,02 NE AR ANEE
797 8711 79223 1647 6443 170, #%sx werw were 21,5 0,0 1.0 Je053 04130 0.74 <C,.02 AEthAN HAEw
797 3727 19239 wexx 65,64 1350, wwarx wwwn wrxr 33,3 wwwsw N.8 0sC62 0,110 0.69 <3,.02 EE PR RE HAw
797 97 8 79231 1342 €449 237, wuoaw wxxr wwer LR L) 0.8 0.036 0.C30 0.53 <0.02 RECR AT whww
797 9/23 79256 #xxw 65450 137¢ wweh wawwe nwwsx Xhww 1.1 D.063 6,110 0.70 <0.C2 CRXwEEY WA N
797107 6 79279 1040 .33 211, #wwnx woww wwew oy 0.8 wxxev 0,110 Q.54 <5.02 Ak FEAY EwEP
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APPENDIX A continued

Water quality data for the Drummond treatment bog: the 0.4 meter well at site 32.
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APPENDIX A continued

Water quality data for the Drummond treatment bog: the 0.4 meter well at site 33.
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Water quality data for the Drummond treatment bog:

APPENDIX A continued

the 0.4 meter

well at site 34.
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APPENDIX A continued

Water quality data for the Drummond treatment bog: the 0.6 meter

well at site

21.
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78711712 78316 wwwwr 4,57 53, *aww weww weew 1,0 wews 177, 2.7 wwwve 3,007 0.02C 1.23 <0.02 2.96 awvwwz ntnw
78712716 178350 3.0 4.0 359 weaw wwww weee 1,7 wwww 163, 1.1 wwewr sxeww 0,044 1,30 <0,02 2.80 wxewss 15,2
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79/ 5/19 79139 Se 4021 49, wwex wwew wwxxx <1,0 wwwx 135, 0,9 2o 04007 0,033 1,34 <0402 wownw wxwstene 3,2
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APPENDIX A continued

Water quality data for the Drummond treatment bogé the 0.7 meter well at site 11.
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APPENDIX A continued

Water quality data for the Drummond treatment bog: the 0.7 meter

well at site

12.

LENDAR JULIAN . WATER
DATE JATE TeMP  PH  CUND ALK TACA=HBKT cL 3 Crs RIGS BCO2C ORTHAO  T=» Nha w023 KJLOGN  F COL TABLE
C U4H0 ML/l A8 TATII jcm==- Ma/L ===>( /100Mi. CH
777107 6 T7279 waww 4,30 46, wxaw vvew wxhax <1,0 waaw wxve J.3 wwexx 0,040 0,080 0.C7 (C.18 2.34 0, wave
77710715 77238 saww 4,14 52, swxw wvenr zmwvew <1,0 wawoew wweax 4,1 wweex 0,004 04067 0432 JIJS0 2,77 Qo *hww
17711718 17322 9ed 3686  4Te x2aw Htwxw uwww 1e0 s#wwee waxw 1,2 exewx 0,005 0.C73 0.07 <0.02 1,28 waevnuw wene
TT/712/729 771353 Se0 3487 Glbe *¥ex wwww wwxw  A,6 wawr T3, N1,9 wowar 0,000 0,048 0,03 C,01 0,95 saxveve suvwe
787 2712 78043 waex 4o 16 32, xwwe wree wvew <],Q #wwr 67, 0D.S 2,1 wxwewe 0,140 0401 <Co02 3436 #wwvawn vanw
787 37 4 78383 #exx 4,09 35, warew weesx wewe log wewe 33, Nebh wxxwwee 0,010 0,020 0,02 <0.02 0,48 wewawen 20,2
787 3720 78079 weww 4,22 33, wwwe wven wawe <1,0 wewre 94, 0,9 awxvwe 0,011 0,932 0.04% <3.02 0,69 wxvewx wwnw
78/ 47 2 78032 wwxwwx 4,3) 34, wvwr wewx ewuw <1, 0 rwwe 103, 5.7 wresrwx 0,005 0.041 0.05 <3.,02 902.72 0. 8.2
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78/ 6/ & T81S7 wwwa 4,53 2B, wwes veer wwaw <1,0 wawxe 97, 0,8 ewewe 0,015 0,037 0,06 <71,02 0,94 swvwxr 7,2
78/ 0720 78171 weawx 4,30 28, swew wwwe voevr <1,0 #eex 97T, DeR wawww 0,905 0,020 0,06 <3,02 0,78 wewnan waww
78/ 7/ 4 78135 Be5 4el6 36, woax sxxwr meer 1,0 #x=x+r 95, 1.2 wawewr 0,009 0,016 0.07 0.02 0.24 2. 8.2
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78/ 3716 T8228 wwew 4,42 3be w*txx wewxr ewexv <1,0 wexw 104, 1el worewn 0,036 Co04) wwre <C,02 1,04 wowene wawnw
78/ 97 3 TB246 12,9 4,17 37 wtxsx wewn woew <1,0 wwer 125, 0,5 w#rawx 0,007 0,020 0,C6 <0,02 0.78 Oe 562
787 9718 T3261 wwew 4,24 35 to2e »rex sowe <1,0 xree 103, 0.8 wwvex 0,007 0,020 0.11 <0.02 (.96 #nvaws wanw
78710715 782438 BeB 4oT7?7 2%e xwaw avww wvwewr <1,0 »eexr 101, 9.5 1.5 0005 0.024 0411 <C.02 1.3¢ 0. 10.2
79711712 78316 wwaw L b4 235 wtew awwxy wwww <1,0 wwwe 98, 0,5 ewers 3,005 0,010 0409 <CeQ2 0,88 swewnw 2waw
78712716 738350 he5 3e9% by mrew wxwe wvew <1,0 wrwe 91, 163 wawan wewwrwe J,028 0,16 <0,02 0,92 2oevaxr 16,2
79/ 3/ 3 790862 3e0 4o40 320 wvwaw weww wwxwr <1,0 w#wwr 83, 1,1 eweer 0,003 0.C20 0409 <3.02 0,80 wawwexr 22,2
79/ &/ 1 79071 ewew 4,87 33, #rew evenw wewr 1,0 #2ewe 37, 0,9 wwwwe 2,001 CoC1l0 0412 <3,02 (0492 wwwisw worww
79/ /21 79111 Se3 4,03 37, awaw wvwe wwvtew <1,0 *www 93, N, 8 wweww 0,004 C.015 0,20 <0,02 0,30 wwwrar =3,8
197 57 7T 79127 weer 4,41 35, wnww avww xeve 1,0 wwxxr 90, 1o weoww 0,005 0,050 0,16 <3.02 0,88 wwewsw seaxn
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797 7/ 2 791133 RN Cwwx 15, mwww wees rwrvr <1,0 w#2ve 104, wwvew newww wwnxewe (,060 wenw AN WWAAR WRER AR R ANR
79/ 7/16 79197 Bea2 405 43. wraw weww meex 1,0 wwwr 95, 169 wewwsr 0,010 0,029 0423 <J1.02 0,50 swwnwwr 5,3
797 7730 79211 wwxwew 5,37 35 mwus dwwr whar wxwww wwrk 96, Do7 #wenwx D000 Co010 0410 <0.02 0,88 wwwwrwr wwww
797 3711 79223 106 4e04 38¢ wwrwe wxnew wvar <1,0 0.0 9he 0.9 wwewxr 0,002 0,010 0,C8 <0.02 04,92 srwewwexr 5,2
797 5727 79239 wwtw 4,09 35, waae txev wawve <1,0 wewe G393, 0,9 wwwaw 0,002 0,010 0422 <CeD2 0,80 swwwan save
797 97/ 8 79251 10.4 4o10 40, wesw wwwx wwew <1,0 exwe 97, 0.7 wwwww 0,075 0,020 0.10 <0.,02 0,92 wwwrze 8,0
79/ 9723 79266 #wws 4,55 35, #wxwr wwww wwrwx 1,0 wwwe 93, 0,35 wwxwwws 0,004 0.C02C 0,12 <0.02 1,00 sxowwn wxen
797107 6 719279 9¢5 4005 4l wwvew wwar wwew <1,0 »xww 102, JeR wreww wuwsw 0,020 Col12 <0,02 1,08 wwwwax 10,1
79710721 79294 wwwew 4,73 31, wwew wren weew 1,4 wwrr 133, 0,3 wwwws 0,007 0,015 0.14 <0002 1,04 wrxewasr swwe
T9s711/7 3 19307 7e5 4e07 45. #waw ewaw wwer <1,0 w»wew 93, 1.9 2¢5 0003 0.015 0.14 <0.02 N,88 wxwwew 3,9
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APPENDIX A continued

Water quality data for the Drummond treatment bog: the 0.7 meter well at site 13.

CALENDAR JULIAN ' WATER
JATE JATL TEMP P CIOND ALK Tifredaz, L 23 C75 803°% gUN20 ORTAO  T1=pP NH4 NG23 ®JLON F CGL TABLE

C U4HO M3/L AS CAMG3 jce=- MG/L ==>] /100ML CM
T7/710/7 6 77279 #wewx 4,02 34, woan tvar wvon 1,9 weev toun o7 *wvwww 0,034 0,300 4.02 J.70 10.01 Co wuwe
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arerr 0,012 0.056 1.04 <2,02 1.84 swonnw waew
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sxexw 0,017-0,028 1.05 <0,02 2.50 swwkew wwaw
2.12
2.7¢

77712729 771363 400 3493 524 kwax evewr wver 1,0 exer 127,
78/ 2712 78043 #wwe 3,93 563, awer wwwa wven 1,0 wwae 107,
78/ 3/ & 73063 wwen 3,92 52, *#wex wxee wwer 1,0 wwexr 106,
787/ 3720 73073 #ewe 4,05 524 wwaw wwex wxee <1,0 wawr 123,
787 4/ 2 78092 wweawr L,16 564 #www wwer wwax <1,0 wenr 141,
T8/ /717 78107 wewe 4,22 52, #*#hxw wwwx wotxe <],0 wenve 113,
787 57 1 18127 B8e0 4,03 57, %twx wwwy weww 1.0 1.9 124,
787 5/21 TB8lil wewe 4,22 S1, wxvxw wewa wewr <1,0 wewer 135,
787 o/ &6 T8157 wwuwwe 4426 506 Whax wwrw wvwwr 1,0 wwwe 127,
787 6/720 T28171 wwew 4,29 4bHe. *war wxws weav 1,0 xwar 135,
78/ 7/ 4 78185 8¢5 4a11 55, #wew wawar wwevw 1,0 wearw 141,
T8/ 1717 TB8138 wwxww L4l 45, wvax wrew wrew <1,0 wwer 143,
787 3/ 2 78214 9e¢5 4el9 S4e awre wewr wrwv <], 0 wewww 144,
T8/ 6/716 75228 wwaw 4,44 4T, wrnwe wwww pexe <1,0 wwewe 137,

AXNERER W AAE

srxxw 0,005 2,024 1.30 0,04 63, *uwn
wxexws 0,011 0,023 1.40 <3,02 AERN Y R KRN
vwwws 0,006 00020 1.04 <Ce02 3,04 wvvewsr nsanw
wxxwwe 0,014 0,034 wwww <0,02 2.82 wwwnnt wwew

787 97 3 78246 11.2 4.07 38, #»av 2xwn wevre 1,0 =wee 164, wxvex 0,010 0.024 1,40 <C.02 2.84 Oy wonw
78/ 9718 78251 wwew 4,42 48, athan wxeww woew <1,0 wwwwr 149, wxwxx 0,016 £2.030 1.60 <0,02 2,92 anvwaw sunw
78710715 78253 8e0 4426 43¢ wwww waws wwaw <1,0 wwer 144, 1.9 04012 0.039 0485 <0.02 3.04 0. *www

awnwww axkwew 0,032 1.40 <3.,02 268 whvuwwk wunw
wwwww 0,005 0020 1430 <0,02 2.52 wedtwr sxwnw
wevte 0,004 04015 1442 <0,02 2,48 wwewar wawn
vexww 5,005 0.025 1445 <0.02 2.52 wwewwnw wwww
rewrn 0,002 0,065 1432 <0,02 2.48 wxewwn sawe

78712716 78350 5¢0 3a77 S52¢ worx vxwem wewr 1,0 weex 137,
797 37 3 79062 3¢00 4426 44y xxuw wxwr wwaw 1,0 wawe 131,
797 4/ 1 79091 wews 4,43 44, *vee xevw weer 1,0 wwee 124,
797 /21 719111 Se2 4o04 43, wtxw #Fevwa wwaw 1,0 =nevr 139,
797 57 T TI127 swwxxe 44,17 534 swxx mxew wxry 1,0 =wax 129,
797 S/19 79139 Be2 4e03 She whew wvew wwew <1, wxrx 139, 2¢2 04013 2,038 1.63 <0,02 wwewa wavwwr sawwn
797 6/ S 79156 wawe 4,18 35, whww *#xey weww (e wwwe 133, sxenw 0,011 N,07S 1,52 <0402 264 muewnwr wtuwn
797 /186 T9157 7e0 4403 Sl, #%kxr wwxwr wxtrer wxawvx wwwa 1049, #ave xwvesr 0,210 CoCLC 1,50 <0,02 2,48 awesdw whww
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797 7730 79211 wewe 4,95 46e *ewk wwxwx wwew wwww wwwr 139, 0,5 »wewwe 0,303 0,020 1423 <0402 2,60 wnvar wuww
797 3711 19223 Boel 4o0b 49¢ wwix xewsr wwevw <1,0 0,2 152, 0.8 wxwwrxx 3,006 0.020 1452 <0402 2,72 esxvwxsx wxawe
797 3727 79239 ewww 4,235 45, rvxw xtwx weaw 1,2 wiww 157, "0,8 sreww 0,017 0,020 1.48 <Ca02 2.60 awwwxr wanw
797 97 8 79251 9.0 4410 5]e wwwe wvew wwww <1,0 wwee 150, De8 wewww (0,007 D, 020 1452 «2,02 2,60 wevvnnr wwew
797 9723 79266 wwew 4,57 19¢ wxew warw wxev 1,9 wwww 151, Q.8 wrwww D,018 0.020 1440 <C.02 2.76 wrwwnsx warwe
797107 & 179279 Bob GeOé 53¢ wwrw wewuw wwwxw 1.0 wwew 140, D7 wwwex awwww 0,020 1,60 <Ce02 Co62 wrwwnsr wwew
79710721 76294 wwww 4,39 42, ®#vww wvwx wvaw 1,8 wwwe 153, 1,2 wewrww 0,006 0,020 1480 <5.02 2.92 wwewsw waww
T9/7117 3 19307 Teb Lo07 SHe mwex wrwx wwwe 1,2 wwwe 137, 1,1 2e7 00011 0,020 1.54 <002 2444 awrwwn 2uaww

AN



APPENDIX A continued

Water gquality data for the Drummond treatment bog: +the 0.7 meter well at site 14.

WATER

CALENDAR JULIAN
JATE JATZ TEMP  PAH CJINC ALK TRCa=-H&:Z L a0 €% 3955 B0O2% GRTHN T=-P NH&4 NC23 KJLON F CCL TABLE
% us+40 MG/L 25 CACOI 1<=-~ M3/L ===>f1 /100ML CH
T7/7107 6 77279 wexx 3,36 (76 wxvex tvee wvrx ],7 wewr wwve [J,2 wwwrx 0,063 0,143 0.21 0435 i7.18 O wwww
77710715 77233  wweww 3,83 Ghy w#nax waww xeze 2,1 xwxw evee 3,2 weorw 3,049 0,110 1,29 Q.60 B.69 Of wnaw
rr/11718 T7322 Bed> 3475 726 mrme rrww wwve 1,1 2.0 exenx 5,04 wxrakx 0,016 0.143 0405 Ca0! 2,00 wwwwww saww
77712729 17363 3.5 3478 5S4, wrev vvew wuew 1,0 awsw 170, 1,9 wwewar 0,052 0,122 0.20 0,03 0,27 awwwve wone
78/ 2712 73063 wwewe 3,91 49, sxwe wowx wwur 1,1 wewe 133, 0,9 J3e5 wxeae 0,090 0425 <0,02 1,28 woevenwr waww
787 3/ 4 738053 wwax 3,90 33, wwvex wrwr wxwxe 1,1 wewxe 134, 1.7 wawwwr 0,015 0,060 0,21 <3,02 1,44 sxseewn 3.5
787 3720 78379 wwewx 4,03 52, wwew wvens wooer 1,0 worwwr 151, D,4 wrvwewe 0,003 0,028 0,14 <7402 1,30 sxvwwn sane
78/ «/ 2 73092 wewsx 4,28 43 wtrw wxww wwrvr 1,0 ewexr 1543, 0e9 wewrwx 1,013 0,053 0,18 <C.02 1.50 O. 1.5
78/ &/17 73107 wrew Lo11 42¢ whkxw wwww wexw 1,0 w*wer 105, Je3 Axmwx wrewwe D, 040 0410 «0.0 062 wowvtxsr waww
787 S/ 1 718127 Te0 4,00 4b4e m*rw xrwsx wraw 1,0 swxe 132, 1.1 21 04120 0,128 0422 <0402 1,46 awewsw 7,9
787 5721 783131 ewaws 4,01 35D, 4xew saen dwvw <1,0 rvreer 135, 1,2 wwwww 0,071 0,122 0,25 <0,02 1.82 swwwwne 2wew
787 67 6 73157 ewew 3,93 51, awew wrew wevee <1,0 wwwr 1460 1.2 wwonsn 0,074 0.100 0440 Q.03 1,70 awwansr 4,5
787 6720 78171 wxww 3,97 58, wwwr swww wves 1,0 wawwr 155, 1,0 waewse 0,070 0,084 0,22 <Ce02 1,48 wxwuws wrew
78/ 7/ & 731435 BeH 4aS9 36, wrwx wxex wwwe 2,1 0,0 RQ, 2,7 xwwewwr 0,066 0,096 0432 <0.02 1.20 0e 5.5
78/ T/717 73198 ewen 4,42 41, whxx wiwew wevs 1,0 wwwwe 175, 1.7 wwwee 3,078 0,062 0423 <3,02 1,72 wevraww awnw
787 8/ 2 73214 9¢0 4e06 554 wwuw wewx wwew <1,0 0.0 174, 1,7 wwwwwe 0,073 0,112 0,40 <3.02 2.08 1. 11.5
787 3/716 75228 wwwwe 3,97 102, wevw exvn wwwe 1,0 #xwr 173, 1,3 wwewawr 0,041 0,129 wowew <0,02 2,40 sswanwn wanw
787 97 3 78246 13.7 3.95 52, #wwe enex wwwx <1,0 0,0 205, #wew wxvwaw 0,017 0,050 0,35 <0.02 1.5 0. 3.5
787 9718 78261 wwew 4,02 Sl. w#vww wwow wwwx <1,0 wwww 175, 1,1 evewx 0,016 C.0435 0,21 <0.,02 1,44 wwehwsr waen
78/10/15 73288 Beit 3492 35, w*wew wwww weww 1,0 w«rxxe 153, 1,0 3.5 (o015 0,042 0418 <C0.02 1,560 J. 10.5
78711712 73316 #rxxw Lold 40¢ »#waw wwaw wvxr 1,0 wwwx 147, 0,8 ¢exaewx 0,016 0,020 0418 <0,02 1,26 vwewwww svune
78712716 78350 403 317 476 wrrn wxvw wxexr 1,1 «xee 126, 1.6 wwerx sxxxse 0,025 0.35 <Co02 1,52 wwonnx 14,5
797 3/ 3 73082 3.1l 4elD 43, wwwe wrwex wwxe <1,0 wrxe 122, 1,7 wewrx 0,005 0,079 0,33 <«3,02 1.68 wxewwe 24,5
797 4/ 1 79091 #wwww 4,30 47, wwxa wrex woevwe 1,2 wwew 79, 1,7 zewewxs 0,009 0,025 0414 <2.02 1,24 wevans sneww
79/ 4721 1719111 408 3.983 51, wernx wvewee woew 1,0 wvemr  F, 0,8 wwwwe 3,003 0,045 0439 <3,02 1,56 wevnsr =9,5
797 57 7 79127 wwew 4,29 4le whvex wvwer wwwe <1, 0 woexe 94, 0,9 ttawe 3,005 0,025 0432 <1,02 084 swowww waws
797 5719 79139 6ol 4205 33e wwaw 2rww rxexx <1,0 0.0 1J4. 0.9 2.8 0.010 0,23 0,0% <3.02 0,96 wwweawr 4,1
T9/ 6/ S 791306 wxex 4,256 30, w#w2e wocwe xwxer 1,3 wwere 137, 0,7 woewnw 0,323 0,000 0Co84 <0,02 1,20 awwwnw woww
79/ /716 79167 Te2 3.0 425e #wwx wrxaw wwaw *awn wxav 139, wawre weewsr 0,026 0,060 0,10 <0.02 1,16 wrxewaxr 3,5
797 /7 2 791383 TEEE WX ww 3% kvt wnwer wkwer 1,0 ewar 135, waww rrxeww wxwex 0,040 wexx FET X AATRR RRVRAY AR
79/ 7/16 79197 8e8 Je88 3% weww wrre weer 1,1 weee 149,  1.H wreww 0,036 0,050 0,03 <0.02 1,16 wwwexwr 5,5
797 7730 79211 swwx 4,21 48, #rre wtwr waxe wenrx wwoek 1556, 1,2 sxwen 0,016 0,030 <0,02 <0.02 1,28 wwwtwuw vone
797 3711 79223 11,0 3,87 59, wrxexr weew seex 1,0 0,7 157, 1,7 sewer 0,016 0.,03C <0.,02 <0,02 1,28 wrenwsr 5,9
797 8727 79239 wwww 3,37 50, wwew ntows wvew 3,6 wowr 1464, 144 nwvewewsw 0,016 0,030 €0,02 <3o02 0,96 sewraw newe
797 9/ 8 7179251 9e7 3492 DUy wwww wvwew wwew F,7 wrxwr 133, 1,1 wwxrww 0,012 3,020 <0,02 <0.02 1,04 wauvwwe 5,5
797 9723 T9266 wwwax 4,12 52, stax wewn kwwe S,8 weer 125, 1,2 wwewwx 0,009 0.05C 0,02 <2402 1.04 wxtwnw weanw
T9/7107 6 79279 9e2 3002 72. wwwew kwwx wwrwx  Bo6 wwwr Y1, 1.4 wwewn wewwsx 0,030 0,06 <0.02 1,04 swowww 7,4
79710721 79294 wwww 3,93 (be mrwx #vww wwawx RS awwr Y4, 1,0 wwwewr 0,003 0,020 0olés <Ge02 0,98 swtwun weww
797117 3 79307 Teld 3477 100, wenx wevan wewx 13,5 swex 70. 1.6 247 00004 0,020 0,10 <Cell2 0,88 wwesnxs 3.0
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APPENDIX A continued

Water quality data for the Drummond treatment bog:
well (B) at site 21.

the 0.7 meter

well (A) and

1.7 meter

CALENDAR JULIAN WATER
DATE DATE TEMP  PH CUND ALK TXCi=-HAxD CL RS "3 3005 30728 NRTAHN T=-P NHG NC23 KJLON F COL TVABLE
C U4HO MG/ AS CACI3 t¢==~ MG/L -==>f /100ML CHM
797 2712 79%0343 waww 449 3¢ *ExXX Kk kex wwew 1.1 «x=x 153, Vo7 awmwnw I, 006 0,022 wwwrw <J, 00 whham wwthkuww wanwe
797 47 1 79091 wwwxix 4,85 Sie wwax were wwesr 1,0 wwre 1S54, 1,5 wwwwyr 0,004 0,027 1494 <3,02 3,32 wxenwe waew
79/ «/21 79111 5¢0 4432 52 wwww waxwe wwex 1,0 wwwr 157, 1.4 wwwwr 0,006 CaC2S5 2415 <0402 3,40 wnxwxne sowe
7197 5719 719139 Bed 4e52 530¢ wwve wown wwex <1,0 *vee 150 1.7 Te? 0.0072 o025 7406 <0,02 wnwws wgwwnn svave
797 6/16 19167 Tol G437 524 waax wewx mexn wevr xwew 171, wwws wvwowsw J,017 0.C5N 2.0% <0.02 3.18 anvwusr naww
797 v/ 2 79183 wruw Rk 530e *wrxw wwrt wrxvr 1,0 *worr 175, «vawy twxww wwrwee 0,059 *wwE ERAR AENAN RAC AT WEAY
797 1716 791937 7¢5 4433 39, wwww wvax wwwr <1,0 wwww 159, 1,5 #2wwe 0,015 0,030 2,20 <0,02 3,72 awwwne sxuw
797 7730 79211 wwwx 5,95 39, wwra wwwe wwew wwewx wxvw 175, 1,) wwxwx 0,006 0,025 1,76 <0,02 3,48 sxsnxrw wuwe
797 8/11 79223 9eD 4436 50, w*«w wwww wwwv 1,0 woexr 1pF, 1.0 wewwee J,006 0,029 1.92 <0,02 3.28 sxwmwew xaxx
797 3727 79239 wwax 5,21 43e *¥aw #wva whxw el *awe 295, 1,3 wwxwxv 0,019 0,030 1.84% <0.02 3.28 watwax swnw
797 97/ 8 179251 B8e0 bLotth S1l, wwwi ewws wrww 1,3 wawwe 163, 1N wewxwr 3,011 0,020 1,R6 <0,02 3,20 wwwwwsr swse
797 9723 79266 wwww 4,94 350, werw wxwar wowr 1,0 wweww 166, 147 wwewe 0,010 Co030 1.94% <Co02 3.36 wavwwr wuvw
797107 6 719279 BeU 4433 Sbe wwww waww wwve 1.0 seee 156, 0,9 wrewx wwrwte 0,039 2,10 <C,02 3,30 wwowwr ware
79710721 79294 wamw 4,57 47 whwt wwwn wwww 1,0 wwwxr 131, 0,9 #vwewxr 0,007 06025 230 <80,02 3.48 wwvwewr mwwe
797117 3 19307 Bed 435 Sbe xwrw wwex wewwe 1,2 wexx 159, 0.0 2¢9 04009 0,045 1,93 <0.,02 3,08 wwswww wane
T7/7/710/7 6 77279 swux £,33 #x#x swwr wwvs wwws wwtw vxwe ohew 1,71 wwwex 3,010 0.042 6.30 902.32 6.50 Qf wwaw
77710715 77238 wwwe wwwx 35S, wrix wowrw wrevr 2,0 xwerwe oxwe 7,0 swwvex 0,002 0,030 1.20 02,30 4.28 O wwee
78/ 4/ 2 73092 #wew 5,55 53, wwxw xvew wvex 1,0 wwex 175, 5,2 xwwxw 0,232 0,081 2.50 <3.02 4.00 Oe mawe
787 4717 78107 s#www §,02 59, zwvw wwvwr wvew 1,0 «eww 135, 2.0 svewxr 0,003 04160 1425 <Co02 3,00 wrdwnn wane
87 5/ 7 718127 Se0 5e1) 056 wrew weww wwwe 1,6 wwer 147, 443R Ted 24043 D,C73 1,90 3,02 3,80 swtwwaw snawe
787 5721 73141 waew S,50 58, »wvww wxewx wwwe 1,0 wwew 123, 1,6 wewwsr 0,027 5,022 1,81 <0.02 3470 weevew nwwe
Y8/ 6/20 73171 wwwwe 5,91 70, w¥tsw wwwn wwae~w 1,0 wwwv 14, 1,2 #vear 0,017 0,040 1,55 <0e02 3,3€ wwwsww veww
787 8716 73228 wwwwx B9 4o woww wwwe wrwvr 1,1 wwwr 171, 2,1 w#xwex 0,011 0,056 #wxx sxxe¢ 3,56 weveoxw suww
78/ /718 78251 waxw 5,79 100, wraw wwxwr wxww 1,5 waww 140, 0,9 weewnr D,010 0050 1.380 <3,02 3.88 sewxax sunw
78711712 78316 #*wew 5,94 1J7. weww xeww wwxx 1,3 wewsr 147, 1,0 wwweww 0,012 0,020 1.65 <0ae02 3,28 sawawunw nuxw
78/12/716 78350 Ge3 Se73 8. wwaw wxwwr wrwve 1,7 xvwwe 13T, 4,7 wwwwwr sewvww 0,036 2,15 <0,02 3.52 wwowewwr vwxw
797 S/ T 79127 wwxx 5,95 ople wwww wwrx weaw 1,0 wwwe 163, 2,0 wxwwsx 0,006 0,035 1,72 <03,02 3,08 swewnr wwww
797 67 5 79156 waww 5,49 4T, wkwew mwax wwwx 1,5 wwww 163, 0,9 wewwn 0,011 0,050 1,94 <Co02 3,16 witwwse wuwww

H1t



APPENDIX A continued

Water quality data for the Drummond treatment bog: the 0.7 meter well at site 23.

CALENDAR JULIAN nATER
OATE DATEZ TEMP  PH  CUND ALK TRCA=H'="  CL 30 £N) @055 33520 GRTAC  T=-° Nha \C23 KJLON F COL T4aBLE
C U440 MG/ZiL %S CACSD3E lcm== MG/L -==>{ /170ML CH

TT7107 6 T7279 ewww 4,00 73, #ome wewar wwxvw 1.0 #uxe xewxn . wrrww 0,040 0,102 1,02 7.21 2.14 Of wonn
77710715 717283 waew 3,43 73 *wek wrwwn whew 1,0 wewvw wxtvw mxuw wrewxr 0,001 0.076 0.70 J.50 1.70 Qo wwwn
17712729 77363 wwes 4,10 460 AwAE ANy NHuwww 12 wwwe 133, . wxenxe 0,096 0,156 1.00 C.05 1,39 swewsrx waxs
78/ 2712 78C43 wwwe 4,08 LYo wxaw wren wxoav <1,0 reee 115k, 9.3 wrenxx 0,000 0.97 <2,02 1.54 saewns wanw
78/ 3/ & 78063 0s5 4001 48e XWrw maww wwetr 1,0 wwar 134, sxeex 0,048 0.C30 0435 <0.02 2.08 wwnwesxsr 13,0
787 3720 78079 wwwe L,03 Sbt, wrwx wviw wwxv 1,0 avwx 137, cxwwenw 0,026 0,072 0,68 <0.02 2432 wwwwww seuwn
78/ 4/ 2 178092 e=xex 4,14 50 wwew wews wwew <1,0 wwes 170, veeww 0,003 0.053 0,49 <3.02 2.10 0. 10,0
787 4717 TBL07 wwww 4.12 49, wwaw even wwvvr <10 wwaw 1393, wxreew 0,017 0,017 0,47 <3.02 1,20 avewwnw vanw
78/ S/ 7 718127 €.0 3.90 70oe wmax «wew wwww 1.3 ww»e 124, 2¢3 04007 0.C048 0450 <C,02 1,90 weewxxr 11,0

wxwax 0,029 0.C58 0,56 <Ce02 2,18 #xvxax waww
#xexx 0,018 O, Catd 0402 2,04 sxvawr 9,0
sevtw 0,007 0,040 0.54 <0.02 1oRL whvnuw watw
wewww 0,004 051 <3402 1,76 =wwewww 9,0
wvsws 0,015 0,032 0655 <002 2,00 sworwaw 2uwwe
wxenxx 0,010 0,038 0459 <Co02 2,12 wwwwns 16,0
ewrvaex 0,006 0.056 wrex <(,02 232 wrensw wwww
wweaxs 0,008 0,036 0460 <Ce02 2,08 swsawxr 7,0
wxewnr 0,009 0,040 0,63 <3 02 2.04 awewnwr were

2¢C 04010 2.028 0.70 <0.02 2.52 0. 1049
wnnww 0,007 0.C2C 064 <002 2.08 w#vvtwcw none
vawne wewww 0,032 0,53 <0,02 2.20 aweews 17,0
wvwen 0,005 0,02R 0457 <002 1,96 swvwaw waee
wavee 0,011 0.050 0492 <2,02 2.18 swevnwx 19,0
wwwwr 0a0095 Ce015 0472 <7.02 2.04 wrswww ztuw
w#xwww 0,012 0.050 0.66 <3,02 1,96 waewnn weww
csavunx 0,010 0.C06C 0.68 <0.02 1,76 wawwwe waaw

2¢65 06018 04060 0464 <002 1,78 swewne .6
wwaexr 0,013 0,040 054 <),02 164 wwesor wrww
wawww 0,020 0,030 GC.o80 <0.02 1,90 wexwsw 6,0
awrrw werer 0,040 wwew YREE FRNRE ARTAEE SREW
swewe 00019 0.C40 0.94 <0,02 2424 wewewrxx 6,7

wwrve 0,006 0,020 0,62 <Ce02 1,72 <wwwne sane

787 5721 7814l wxwe 4,05 50¢ wvrv wwwe wersr 1,0 voxx 127,
787 67 6 78157 wewx 4,07 48. w»xer svwww wxxr 1,0 sewe 145,
78/ 6720 78171 wwex 4,29 20, xvsw wwwwr wwew <1,0 »eww 152,
787 77 & 78135 10.3 4401 56, weaw #xvrn wxwe <1,0 wewr 1593,
787 7717 78198 seww 4,25 6o wvaw wrwe waew 1,0 w»r»x 170,
78/ 37 2 78214 13,0 64403 53, sxwew sews wxwxe <1,Q xwww 164,
787 8716 T8228 wwxxx 4,37 4bhs wwre wmen waer <1,0 wwer 171,
787 97/ 3 78246 13.5 4403 57, wwww wwwx wxwev <1,0 0.0 193.
787 9/18 78261 wawe 4o 41 43, wwaw wwwrw wwaw <1,0 wwes 135,
78710715 78283 9e3 4oU3 Sle 2w wwews wwwx 1,0 rwwe 171,
78711712 78316 wwwx 4.51 37, wrew swwer wwwen <10 wwew 159,
78712716 78350 307 3479 4By weww wwwy wrer <1.0 wwwr 143,
79/ 2712 790d3 wwaw 4,37 66, *wvww evww swwee <1,0 wewe 154,
797 37 3 79052 108 4012 49 wwaw weww wawe <1,0 wwsr 145,
797 4/ 1 79091 waxe 4,07 Sl, wrew wwes wvex <1,0 +rwe 144,
79/ 4721 T91:11 1e¢7 3.91 55, wrew wvex wxar <1,0 *wxr 157,
797 S/ T 79127 wweww 4,28 47, wwsa sxwww xewew <1,0 »www 145,
797 5/19 79139 S5¢9 3492 She wraw weaws wwxv <1,0 =exe 145,
797 6/ 5 79156 #eex L,34 3be wxre wree xrve 1,1 swaxe 271,
797/ 6716 79167 500 3089 35, wher wvex weasr wkrw wewr 155,
797 17 2 79133 PRER mkww 37 wwtwe #vtw wwavw <1,0 »vwe 162,
797 7716 79197 10e8 2.90 53, sxwxw wxwr wxew 1,1 wwer 151,
797 7730 T9211 saww 4,235 54, wawew wwum wwxw wxbx wwww 147,

(e}
(o]
Ps

X

o
.
<
&
'S

® 0 & & o ® ¢ o o & & o o s o s 6 o 0

4 % o o o o o o

ON Dt DO ' 2NV 4 4 NNOIDIONANANAN O IVDINN 2NN DE A XN &N

* *
OFre O e Oratre O rs 4 # OO O re (st 1o 12 O QDD W rd O QOO NU N B W

797 8711 719223 13.4 3,92 39, xTHE wheyw wwew 1.3 »ewe 149, . xveww 0,016 0,020 0474 <Co02 2016 #xvwww 7.0
797 3727 79239 whwew 4,15 52, wwraw wrwr wwex 4,0 wwwe 130, 0D wawwwn (0,015 0,030 Qo7& <3.02 1,84 wwvdww wnnw
797 97 8 79251 12,0 3.96 nl, wwxw wwwsx whew 5.0 wers 140, o8B wrwww J,021 Co040 0.79 <0.02 1496 #2avxer §,3
797 9723 79266 wwax 4,06 67 e WPAR HAEWE WNEW LeS wxew 131, . sawew 0,010 0.C020 9D.80 <0,02 192 awwwwnr wanw
797107 6 79279 10e2 3.90 69¢ *naw waww wwrw 4,7 wawe 127, WA wewes werxr 0,030 0,90 <3,02 1,92 wwwwsx 10,3
79710721 79294 xwew swew 60e wrew wwesr wexw 10,4 wwwe 120, . swwrw 0,005 0,020 0.90 <0.,02 1,96 wwewrw suww
797117 3 719307 609 3099 50 xxww whwm wwex 9,9 wwwx 89, . 2¢5 000064 0,030 0484 <0,02 1,68 wowwwswe 5,9
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APPENDIX A continued

Water quality data for the Drummond treatment bog: the 0.7 meter well at site 31.

KATER

CALENDAR JULIAN :
VATE JATZ TEMP PH C3ND ALK TROA=HASD cL a0 Co2 BN35 450020 JRTHO Te-p NHa NC23 KJLON F COL TABLE
[ UMH0 Mo/l A% CATTY f<Ceo==- MG/L e==>1 /100ML CM
7727107 6 77279 wwwx 3,51 30e *mra wrww wxewr 1,4 wwrr warx «B wrxwrsx ), 046 0,084 1.08 0,38 3.64 O waww
77710715 77288 wwwwe 3,76 32, sowx swxx wver 1,1 wwws wwnx N wwwwwx 3,017 0,065 0,80 C.30 3.65 O wews
78/ 3/ 4 78063 0e0 3095 S5be awrw wsre xwen 1,0 exww 154, e9 wreww 0,029 0,440 0,75 <0.02 3,60 *xeesx 22,5
78/ 3720 TBO79 #weew 4,06 56, wwsw wxwn wrew 1,0 wwwr 151, e wwwrw 0,018 0,034 0479 <0,02 2,24 swttww naew
787 4/ 2 78092 wwew 4,04 355, wrevw wewn 2wrs <1,0 wewse 1372, W9 wrewx 0,002 0,069 0.78 <3.,02 2,72 0. 17.5
78/ 4717 78107 wwmx 4,05 34, #we¢w vxeww wwer <1,0 wwew 154, wronw 0,011 0,C13 0,67 <002 1,40 awawaw wunw
787 5/ 17 18127 6e0 Jo9) 576 *twe wwhw whew 1,0 wwen 147, 242 06011 0,034 0,77 <0,92 2416 wxewwwx 14,5

*wwexx 00040 0076 ODa9l <U0,02 2.60 awxvwwe 2uws
xvenxe 0,015 0.C40 1,03 <0,02 2,26 wawwwa 13,5
vewnxr 0,026 0.028 0e88 <2,02 2,08 wwreww vaxe
wxwvwex 0,005 C0.028 0493 <0.02 1.52 wxwnser 14,5
wwwei 0,014 0,020 0476 <Ce02 2432 wevtwn wwnw
wwrxx 0,007 0.C024 0,87 <3.02 2.16 #wexswe 19,5
waraww 0,007 0,038 wwrwe <J,02 2.54 *vwekw wwawn
wrexe 0,003 0,024 0,98 <0.02 2,24 =sevwxe 12,5
wxeww 0,018 0,035 0.95 <C.02 2.52 swewxw waew

2e4 0,005 0,026 0496 <03.,02 2.60 0. 14.5
wvewwn 0,009 0,020 0,88 <002 2,22 awvvense wanw
srewe wewrxe 0,035 1,00 <0,02 2.40 sewwswx 20,5
wenkw 0,006 CoC24% 0,65 <0,02 1,864 wntxuwr naww
wewrx 0,011 0,040 1,05 <C,02 2,30 ewwene 26,5
#xwxv 0,004 0.020 0.96 <Ca02 2.20 srtwaw vuns
wxxaen 0,006 0,020 1,00 <0,02 2.12 wwxwewswe 3,5
wxexr 0,009 J.050 0694 <0402 2,00 swvewe snne

32 0.003 0.050 1.08 <0,02 2.24 =awveawe 12,0
wwewr 0,011 0,050 0,88 <0,02 2.08 wwwnaw waew
wwvew (0,021 0.022 1412 <0.,32 2.06 =xwwxxx 10,5
*wenx wwwww (0,040 wRew KUEWX WHRARNY ANTTXNT RRAWE
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wwwwex 0,015 0,030 1,06 <0,02 2.16 wwwwewsr waaw
wweer 0,017 0,040 1,15 <002 2,16 wawwaw 13,7
wwwiw 0,009 0.C40 1,04 <Co02 2.32 saxvanr nuts
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787 B8/ 2 78214 1347 4422 530, wwaa wkwx wwww 1,0 wraw 160,
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797 2712 79043 wwww 4,93 60, woaw wwws «owv 1.0 #e»e 15¢,
79/ 37 3 79082 1.5 4430 33, wwaw wwwn wrewr <1,0 wwxr 151,
797 47 1 79091 wwev 4,146 53, xkwx xwen wver <1,0 =xwwr 145,
797 4721 79111 1e9 3493 Sbe wwaw wwxww wwxw <1,0 wwew 15°%,
797 S/ T T9127 wwwx 4,26 526 *vn# wwrw wwvww 1,0 weer 1673,
79/ S/719 79139 Se8 4¢08 314 wwaww wwwyx wrrx <1,0 wxwe 153,
197 o/ S 7915s6 seww L, 4De wwaw wekn Hwww 1.2 #wxx 153,
797 6716 79167 10.0 4404 53 wx#r wrww woew weww wewwr 165,
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79/ 1/16 79137 121 4405 S53s wawe wwwrw wwvaw <1,0 wese 150,
T97 7730 719211 wwaex 5,31 3Pe #RRE Hxww Wwwkw wwkw wuww 145,
797 8711 79223 1443 .11 4T7e wwaw weww wwaw <1,0 0.0 159,
79/ 8727 79239 waxw 4,14 49¢ wrww wwrnr wexxr <1,0 wwwe 143,
79/ 97 3 79251 12.9 4e16 500 weaw wxwer wwwwe <1,0 wwws 157,
797 9723 79266 wxwx 4,50 Sl whwx wwwr wwew 1.9 wxex 150,
797307 6 79279 10.5 413 She wwew wowxr wwew <1,0 wvwwewr 164,
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APPENDIX A continued

Water quality data for the Drummond

treatment bog:

the 0.7 meter

well at site 32.

CALENDAR JULIAN
JATE JATE TEMP PR SN ALK Tl a=dé-’ 7 3020 CRTHO T-° NHS4 ND23 KJLCN F COL
C UMHG 28 CACrS MG/ L ~==>} /100ML
T?7107 & 77279 #+x2x 4,04 75, wawe Kewe xww 2.5 wwsew 3,056 0,066 1.92 Q.74 2.56 0.
PT/710715 77283 «wxe 3,./7 T2 CAkE wwew ax ew 4o waaww 0,034 0,083 1,00 0,50 1.64 0.
TP71272% 77353 3.0 5,03 a4 Cewry wwxex rare 1ep wwenr 0,002 2,030 1,00 ¢ 0.05 wweww menwnw
78/ 2/12 78043 wwwe 3.91 53, vewk wwve *wwe 1.1 Go5 wawww 0,040 0479 <Ca0Z2 $.48 wwewswn
787 3/ 4 78263 0.2 3497 56, Hrwe mwww ww e DeRB awwwn (0,004 0,190 0.55 <502 2,12 wewnes
78/ 3720 78079 wweaw 3,49 o8, ey wwew e wn Dot wwwew 0,004 0,033 0,15 <0.02 1.57 wwwweaw
78/ 47 2 73092 wwxew 4,06 33, trer whwy ok ND.h wrvese 0,004 C,059 0.37 <0,02 1,70 O.
78/ /17 78107 #=xex 3,99 ol. wrvr wrxw v uw Da7 wevuww 0,013 xr2ex 0,35 <0,02 1,04 aewawn
78/ 5/ 1 Tn»ni27 6.0 3.8 62, Thew wwwew LR R Je9 20 04007 0,026 0437 <0.02 1.5 serewexn
787 5721 73141 wwxew 4,03 S4. Texw wwww e ww 0.9 xrwww (0,029 0.047 Oebb <3,02 1,83 sevwun
78/ /7 6 173157 wawew 4,05 4. Teww wwesr wwr wn Qol wwwwx 0,014 0,050 0,53 <0,02 1,72 wwewnxn
787 /20 73171 +=«=x 3,52 355, Thre wwvew LR Ne7 wewex 0,016 0,018 0459 <302 1.58 wwewan
787 7/ & 78185 10e5 «el0 50, kaesr wFre 0.0 1.0 »xwwwe 0,017 0.028 O0.46 <0.,02 1.24 42,
78/ 7717 78138 waexr 4,13 49, Py wwew *wew 069 wrrwex (0,007 0,016 0,54 <Coe02 1.84 wwwane
787 8/ 2 78214 12.5 4.11 S4. teve wwiw www 10 werxex 0,006 0.020 0,60 <J.02 2.04 25
78/ 3716 13223 wwre 4,04 352 Arxw weew “xww 1.0 wwwew 0,005 0,039 wxxe <03,02 2,18 wwewsw
Y87 v/ 3 78245 13.3 3.93 57. Tawe wors e D5 w#uwxwx 0,003 0,029 0.61 <0,02 1,38 Je
78/ 9713 TB8261 eswww 4Lo09 7. Trke whwn e 07 wvwsww 0,003 0,025 0463 <3,02 1,32 wwewnw
7T8/10/15 78233 9.0 3498 52, wrexr wrew awwe 0,7 260 0,005 0.0286 1,00 <C.02 2.72 Oe
78711712 768316 #=xwe 4,37 40, TExaw mEew *wow N,8 waewtn 0,007 0.C20 0693 <0,02 2,32 awewnn
78712716 78350 3.7 3.87 45 TrAE vrew - www 1.7 wesew wwzer 3,028 1,10 <¢2,02 2,28 wxesux
797 2712 79043 wwwx 4,53 47 Thex mwew Tw e 0e6 wwerx 0,005 C.C26 0,69 <0,02 1,06 wenwxn
797 37 3 790262 1.8 4,12 47, “rve wwrw aEw 1ol wuwwe 0,017 J.C40 1,03 <0,02 2.18 wrwrnn
79/ &/ 1 T9C91 wewsx 3,95 53, *¥ver weww o oew Va9 wowaw 0,204 0,010 04432 <0,02 2.C4 waweruw
797 4721 79111 2.5 3.91 33, Axew wwww x v 0e9 wwwww 0,002 0,010 D475 <Ce02 1,76 swenne
“T97 57 7 79127 w»xx 4.6 48 ke wexw *y v 1o wewwwe 0,002 0,035 0482 <€De02 1,76 sweetwx
797 5719 79139 69 3.97 53, Cave wwew xww N.9 2¢6 0,004 0.035 0485 <0402 1,94 twewnw
719/ 6/ 5 T9155 ewax 4,05 al. trrs wwasw * e Deh exexwx 0,012 N,030 0,986 <0402 2,12 wvewnw
797 /16 79167 8el 3a94 53, Trer wrew reww twesr wxvaex 0,020 0,022 0.96 <Ce02 1,80 weernw
797 r/7 2 T9133 TwRw Wwhh Sbe tharr muee kW v wwwr xannw wveve 0,030 wwwe ANRE FANEE SXXERE
797 1716 79197 11.1 3.91 51, Twwr whxw e aw 1el wvwwex 0,021 0.C30 1,04 <0.,02 2,28 wwwwnw
797 7730 79211 wexw 4,32 57, Trkk wwxw rw e DeR wwwww 0,006 C0oC15 0497 <3.02 2,08 swowwws
79/ 8/11 79223 13.8 3.55 Sue Twww whwe 0.0 1ol wnwwee 0,012 0,030 0486 <0,02 2.24 nrexns
T97 8727 79239 wxex 4,06 50, tHEr wwwe e nk 1ol wweww 0,025 0,040 1412 <0402 2,16 wrewnw
797 9/ 8 79251 12.6 4L.00 46, CHwd AHwww L2 X1 0eB wwwww 0,022 0,030 0.93 <2402 1,96 wewvew
79/ 9723 79266 wwwe 4,15 She Newk wwww e e 1.3 wowexr 0,009 0,040 1416 <002 2.24 wxensw
797107 6 T9279 10.5 3.99 59. ThAkx hwww W Coe9 wwawn wwwaw 0,040 1,04 <Coe02 2.06 wawwns
79710721 79294 wwwe 4L 42 47, waAww wFEW wwww Ned wowww 0,024 0,030 1442 <0402 2,44 wawnww
797117 3 79307 6e8 4o 04 Bhe whkww Ewwh LA A 24 0.9 25 D004 5.9050 .92 <C$02 2.12 wwwh
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APPENDIX A continued

Water quality data for the Drummond treatment bog: the 0.7 meter well at site 33.

CALENDAR JULIAN PATER
JATE JATZ TeEMP  Pn CTJUND ALK TRCA=HAFDT  TL arc Cné 8755 40020 CRTHN T=P NHG NGZ3 KJLDN F CUL TABLE
C U440 MG/L 23 CATCY (==~ MG/L ~==>4 /100ML CM
/7107 6 7172719 exnr 3,95 75¢ *xwar wwkw wtavw <1,0 wwxe ceex 2.0 sa2n= N,013 0.026 2.31 06438 2.34 O wurne
77/10/15 77238 #*weec Lot 35¢ wrosw tret wwoy 162 2w ue »ren 7.8 waxex 0,013 0,048 2.0 0.80 5,54 [
TT/711718 77322 . 645 b.24 Jbhe vrwe wrxvxe wwrs <1,0 1,6 ewrw NeB wwewex 0,005 CoO0l4 1,02 0,01 2,56 wwwwws wane
78/ 2/12 78043 wxxrx 3,95 Sty mwee wrze wvxr 1,0 xxae 137, 1.1 Teb *xwxx J,0790 0,R4 <0402 1,84 wwvwunw save
78/ 3/ 4 73963 1.3 3,57 Jhe *wew weww waww HobH waww 134, Do wwmwaw wawrwxr 0,110 0,91 <0,02 2,54 #*wwwsxxr 13,5
787 3720 783079 w#wwsx 4,03 355, w«vew tvsrwe woxe <1,) wwwe 137, Ne? wwwwn 0,006 0,036 04835 <0402 2,04 *tvwwsxr waran
78/ &/ 2 78092 wewa 3,983 55, wviaw werx wwxx <1,0 wwwe 137, GeR wwwewwe 0,003 C.047 0,70 <C.02 2.10 0. 7.5
787 /17 78137 wsesn 4,21 554 whew werw wrer 1.0 erwe 125, 1eh wxexe 3,012 0,012 0461 <3,02 1,18 #aweawxr sanwn
78/ 5/ 1 r8127 7e0 3.9C 65¢ whaw tews txve 1.0 wwewe 127, 1.1 2¢3 0,013 0.032 0.64 <0.,02 1,96 =wexxe 10,5
78/ 5/ €& 78157 +ewe 4,10 324 wwxx wrwe wwwre 1,0 wwww 134, 1.0 «reew 0,017 3,070 0477 <002 2.00 sxvwwns 7.5
78/ 0/20 738171 wwwxe 3,69 56e wwww wrwe wavwvy 1,0 weae 143, 069 wxexwex 0,022 0,024 0469 <0402 1,80 sxawww wawe
78/ 1/ 4 73185 Be7 4400 53¢ wrwr wvwsr wwxe 1,0 wawer 144, 15 waexxx 2,004 0.052 0,70 <0,02 1,56 wwewenns 7,5
787 7717 78193 #wes 4,31 4Be *2exr wxter wewe <1,0 *xww 150, 1eD wwaexe 0,012 0,024 04656 CaOb4 2,28 #rovesx wacw
78/ 3/ 2 T3214 98 4o08 58, awme wxwe wxewe 1,0 wwws 134, 1e3 wwewwese 0,012 0,024 0,65 <0.02 2,24 awewwes 14,5
787 8716 78228 wwwx 4,15 S0, *var wevx wrer <1,0 swex 155, 1el wwawwe 0,012 0,056 wwawr <0,02 wawww mvwwwe wuww
787 9/ 3 78246 105 3493 b3, wwawe wewn wver <1,0 ewre 157, 0e9 wxewn 0,013 0,026 0474 <3.02 2.02 wawawr 4,5
7687 9718 782561 «wwwe 4,12 31e #*vr wxwew wwwrx <1,0 wwsex 135, De9 wwaenx 0,017 2,040 0,79 <0.02 2,28 swwwaw wwew
78710715 732438 B8ed 4oe00 S6e wwawr weer xrwe 1,0 wawe 133, J.9 249 0008 0.C40 0478 <N,02 2.72 O 9.5
73711712 783l wewe 4,49 39 wwwe wewew wraew <1,0 xwwr 155, 2.2 wxwdw D,011 0,030 2,72 <0.02 2.50 wrownunr snww
78712716 78350 500 3,09 39 #*wax wnew wwav 1,0 wewr 145, 15 werww wwrux 0,032 0.84 <0,02 2.10 =awwww 15,5
797 37 3 79062 Je0 4012 S50, weaw weew wwwnr <1,0 wwwr 140, 1e3 wwwwn 0,005 0.030 0,96 <Coe02 2,18 wawwaw 21,5
797 4/ 1 79091 wewex 3,99 37, wvuw woww ware <10 woewn 133, 1,2 saewwew 3,002 0,010 0473 <0e02 1,96 swsvanw waew
79/ 4721 79111 3ol 3,086 60s wwex wewvr wwwr <1,0 s2se 139, 1ol wewww D, C06 0,060 0466 <Ce02 Z2.4LB wwswur wuww
797 S/ 7 T9127 wwxw 4,15 30¢ %waw wavw wrwe 1,0 wwww 125, 247 wearnx 0,006 0,045 0464 <2,02 1,44 wrewne suww
797 5719 79139 Seb 3094 5He r¥wk wrwe wxve 1,0 wwww wwes 1.0 300 0004 0.C30 0454 <2.02 1,58 #*wweanx 5,5
797 67/ S 79156 wwxx 4,10 41, wwver wwre wwvx 1.3 wewe 129, 0ef swwww 0,013 2,035 0,50 <0,02 1,84 wetwwsr wuwn
19/ o0/16 79167 6e3 3499 324 *rrw mwiw whxw wxdw wxwwe 147, wwxv wwwwwr 0,017 0,030 0.6 <0402 1.54 #wwwwx 4,5
797 77 2 719133 ARTe AEww 40¢ xwaw wrew wrww 1,0 waena 157, vewnr ewewwn wwwews 0,030 'XTx; Ahkkw FANKE AXOR AN KAAN
797 7/16 79197 7.7 3.37 56e whwew dmav wvoew 1.3 wwwe 147, 1¢3 wxexn 0,018 0,020 0470 <0402 1,96 weewnw 4e 9
797 7730 79211 wwxe 4,07 6l *wwe weer wawe wrew wxvww 154, 1e? wwwww 0,011 0,€15 0,64 <0,02 1,80 swvwww waww
797 3711 79223 11.0 2.065 30s whew wewt wwxw Sel wewe 123, 1.7 wwwrw J,006 0,020 0.54 <C.02 2,08 wxewwx 5,9
797 8/727 79239 wxem 4,04 63, *vaw wwewr wwre 7el wwwr 124, 12 wowexw 0,007 0.C230 0453 <002 1,64 xntwwn sawe
79/ 9/. 3 79251 Gel7 3490 74e wwww warxr wwuxr 12,5 xxxx 128, De9 wwxwx 0,020 0,050 D472 <C.02 1,96 stwvexn 8e5S
797 9723 79266 wwxw 4,11 71le wwew #evw axsxx Teh wwww 125, 1e3 woewewn 0,008 0,030 0460 <0,02 1,84 whekwn wumw
797107 & 79279 9.5 3.5l 70e wwrw wrkx wrxw 3,0 wwwn 1272, 1o swowew wxwew 0,035 0.6 <0.,02 1,30 nwwwaw 9,7
79710721 79294 wwww 4,40 70, wwew wrww woww 13,7 wwer 114, 1,3 wwowe 0,009 0.030 0.66 <0402 1,80 #wwwes woans
T9/711/7 3 79307 760 3081 1104 wwww wwws wwan 15,5 wwwe 33, 1.2 363 06003 0.C30 0,56 <3,02 1,56 wewewnw 4,1
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APPENDIX A continued

Water quality data for the Drummond

treatment bogé

the 0.7 meter

well at site 34.

CALENIAR JULTAN BATER
SATE JATZ TEMY  PH COHU sl TROL=HARY) L 30 C3¥J 52355 32020 ORTHO T=p NHg NQ23 KJLON F CuL TASBLE
C Uddd  #G/7L 2S5 CACLS ==~ Me/L ~==>] /100ML CM
177107 6 77279 wwmwa 4,10 52, **ze wxxe3 wwvwsr 1,0 aave #rve 2,0 werwn (0,002 0,088 0.83 (.24 2.73 Oe o#utw
77/710/15 77238 #axwe 6,53 Sbhe wtak wwww x+aw 1,0 #aewr wxwx 3,2 wxewe 0,001 0,090 1,19 ¢.20 3.02 O, wwew
787 6720 78171 #xex 4,27 wbhe **an wvrxmvr wewx <1,0) wexe 1655, lelh weoxe 0,017 0.068 0445 <0.02 1,96 wwwwsw wane
18/ 1/ 4 78135 9ed GoUi 5l, *rew weww wwerw 1,0 rwwn 165, 1,4 ewerxe 0,003 0,044 0,42 <0,02 1444 *exanx swaw
T8/ 7717 78193 wwwex (.96 33, #wtr wves srwx 1,0 wwwr 133, 1,7 avrewe 0,007 0oC28 0432 <0.02 2ob4 wwewwnr suwe
78/ 387 2 78214 10438 6407 33, wwna vewr wraee <1,0 wwwae 177, 1,1 wewww 0,027 2.036 0,37 <2,02 2,24 wwewsn sauw
787 9716 78228 #wwwe 3,96 53, *raw veex wxase <1,.0 wwer 172, 2.5 weeww 0,005 0,041 waxe <0,92 2,20 wwnwtawr wanw
787 97 3 78265 1063 4401 39, werx wewr wxxae 1,0 wewe 157, 1.0 wwwxx 0,006 0,026 0441 <3,02 1,74 answur vuaw
78/ 9718 78261 wwew 4,50 42, *wawr wwer wver <1,0 xvwe 191, 0,8 wewwxr 0,020 0,050 0441 <0,02 1,86 *evvwwsr waen
78710715 78233 Be0 3075 35¢ wwaw awes wtwa <1,0 wrvwe 142, 1,0 2e?7 040086 0,034 0646 <)a02 2,00 wwtern wann
T8/12/16 18350 Sed 34563 52, wvrar wvex wwew <1,0 svew 151, 1,37 swwer woewwe §,032 1462 <0.02 1,36 neewnw aane
797 37 ¥ 79062 305 6003 51y mwaw wewe wraw <1,0 sxwee 151, 1.3 wveww 0,003 0,030 0452 <002 1,72 wesnun wuwne
797 &/ 1 79091 wwww (, 07 52, wvae wxww wawe <1,0 #wne 144, 1.0 #wwwwe 0,001 0,020 Q.94 <2.02 1,76 twvens nane
797 4721 79111 5el 3,84 953. errt rrew wxvex 1,0 #vae Jpb, 1.0 wewrw 0,004 0,030 0,55 <C.02 1,48 wwowwnr swwe
797 57 7 79127 *rxwe 4,02 354 #tex wwww wooevw 1,0 wwwwe 151, 1,1 wwawr 0,001 J.C40 De€2 <0402 1.56 watwnr wanw
797 53719 79139 EBed 3487 4e mtaw wxwew xwvewr ), 0) exww 137, d.° CeH 26N03 N.C35 0,50 <2,02 1,72 swewne 2ewe
797 6/ S 79155 ewxex 4,25 40, wwae neas wewe 1,0 *xve 154, 0,8 wwwve 0,011 0.C40 0,42 <1,02 2.04 r1¢vtce sune
T9/ 6/16 19157 7e0 3.2 06l #aew ewoaw owevw ewen waxve 75, wone wwewrx 0,016 0.03C 0,54 <0.02 1.56 uwownr ssee
797 177 2 79133 KeEP wRNR 44y wrww wvew wwve <1 ,0 wewe 157, wewd prrax waewexxr 0,049 'XZR 3 HCRN kAR RCECRANY BRON
797 7716 T9197 Teb Zanl 71e wrex txwx wrer 1,0 wwxw 163, 1.0 wweww J,003 CoC040 0463 <002 1,92 wwwwas saww
797 7730 79211 >xwm 4o 34 30, #wdxw wwwe wivw wwew wawwe 157, I 8 waxww J,005 0.030 9D.44 <C,02 C.12 wovwnsr mase
7%/ 8/11 719273 9e?7 383 Jle xwew wvavwxr wwww 1,0 wvwr 167, 1.1 wvexx 0,006 0,020 0450 <Ce02 2.2C wwwaww sazw
797 3727 719239 wwxxx 3,92 35, wrxe mwxxr wvew 1,0 wwew 155, 1,1 wwwerw 0,015 0,030 0.4k <002 1,84 wowwww waaw
797 9/ 8 179251 9ais 3090 42, wwww wwvwe vewxw 1,0 wewe 165, Qe woexsr 0,010 0,040 (o522 <0402 1,84 wwwvewwn wane
79/ 9723 79266 wwww 4,12 57, x#*x wwew xexv 1,6 wnwwr 163, 1,1 ewenxx 0,005 0.C30 0,50 <C,02 1,80 wwwwuw axew
197107 & 79279 9el 30585 656 wrww wuvwe wwwr <1,0 weww 153, 1,0 wevwww wwexd 3,035 0,56 <3,02 2.00 wwwwww wuwww
79710721 79294 waxx 4,09 350o wvkw wwww waaw 1,4 vorr 161, 0.7 wwwew 0,005 Co025 0.58 <3.02 1,84 wwwveww anwse
79717 3 79397 Te6 3689 09e woxw wwew wewx 1,0 wxwne 153, 1,2 Sed 0004 04035 0450 <0.02 1.84 nwowwn suww
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Water quality data for the Drummond treatment bog:

APPENDIX A continued

the 2.3 meter

well

at site 11.

CALENDAR JULIAN WATE
JATE JATE TEMP  Pn COND ALK TRCA~H&3T  CL 39 1y BG"20 OGRTHQ  T=2 NHS \D23 KJLON F COL TABL

C u~d0 MG/L A8 CTACUS j<==- MG/ L ~==>} /100ML CM

7?7107 & T7279 swnxx 4,71 43¢ Taxw weww xovww 103 *#nwwe wwasw 340 wexxw 0,030 2,153 3,74 0.35 3.80 Qe wuee
T7712729 77353 wwaw 5,08 4l wowx wwesr wvve 1,4 wewe 392, 1.3 wwewww 0,006 0,055 2.00 2,04 wawan swtwwr wxww
T87 2/12 780243 wwxx 5,23 32, «vswe sxwr twws 1.0 #ewr 72, 1,3 Tag wewme 0,035 1,10 <0.02 1,74 awvxwe wane
787 3/ 4 78063 wwww 5,20 35, wwex weww wwew 1,7 rwee 94, V1,8 swewn 0,001 0,000 1,75 <002 2.44 awtwnn sanw
78/ 47 2 73392 #wwe 5,33 35, #wax wwae werv <1,0 0,1 127, D,4 wawex 0,009 0.057 1.53 <3.02 2.50 Qs *wuw
78/ /17 78107 ewee 5,47 23, ewwe wxer wwaw <1,0 wvwxr 35, 2.0 wewwn 0,001 0.C028 1,15 <002 1,34 suskan wanw
78/ S5/ 1 118127 9¢0 5,10 34y *vex wrex wwwx 1,0 wxer 937, 0.9 2eC DeD1R 04044 1405 <0,02 2.32 aewoxe wwun
787 5721 78141 saxe 6,01 37, wwww wwwex swer <1,0 xwee 90, 1.8 wweawr 0,010 0,012 1440 <3,02 2,00 wwwnnxw wane
78/ 6/ 6 78137 #wawx 4,75 35, ewerx wawse wwre 1,1 #w2e 39, I .6 sveaxw 0,019 0,038 1,84 <0.02 2,42 ewowne 2anw
787 6720 78171 wwee 4,91 28, wraw weew wrme 1,0 wrxwsr 9], 1,2 wewwwr 0,002 Co020 0475 <3.02 1,90 sevrnsx wune
787 T/ & 78135 1042 4696 276 wwow wwws #wxw <1,0 D3 37, 1.3 wwwwr 0,034 0.C44 1,20 <3.02 1.68 wentanx suwn
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78/ 9/ 3 73246 wewx 5,02 28, wrew «www wrww <1,0 wrwr 154, O.6 wwwwew (,013 0.013 1.30 <3.02 2.1 Ou wwww
787 9718 78261 wwex 5,38 4o wan tvesr wwnxw 1,0 wear 111, 0,8 wwwww 0,007 0,020 1.30 <0.02 wowww sudsane sanw
7TR/710/715 78283 weex 5,19 29, Weew wvvrw wwwk wxew wwre B2, wewew evewxr 0,004 C.023 1.40 <C,02 2.32 Oa »wnw
78711712 78316 waee 5,75 584 wwaw wxvw wxwxe 1,4 weexr 112, 3,9 wewnw 0,014 0,020 0,54 <0.,02 1.48 awwdnz seawn
T8/12/16 78350 SeB S5e42 42 wwaw wwes wwax <1,0 wewe B85, 1,9 wxwwsr mwwwrw 03,024 1,35 <0,02 2416 wxwerw swew
797 «/21 79111 6e4 S.09 J2¢ woaw wxwe wrew 1,0 #wer 77, Je9 wewwwx 0,005 0,C20 1,65 <0,02 2,24 worwnw wsww
797 S/ 7 79127 wwas 5,90 Sl, wraw wawsr wrww <1,0 *xv<xr 90, 2,1 wwweww 0,002 0,035 1.14 <0,02 1,84 saxwexr waww
797 5719 79139 8.0 4o 47 3le wwrw wwww wwww 1,0 wwme 91, 1.5 4eC 00002 D0.020 1470 <0 ,02 wwanw awwwwne *uwe
797 6/ 5 79156 wawsx 5,17 38, vvtw w#sws #rwr 1,0 wwwe 34, N,ph wawww 0,006 0,007 1,55 <Co02 2.28 nowvwnn wanw
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797 8727 75239 waaw 5,34 5S4, *wex Fxww whwy wawew wwwxr 90, wxwww 0,018 NeC20 1,28 <002 1,38 wewewr vanw
79/ 97 8 79251 9¢l 4Lo98 30, wew+ wwen #wwww <1,0 xnxwx 33T, wernxnr 0,008 0,030 1.54 <J.,02 2,08 wwwear waww
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APPENDIX A continued
)
Water quality data for the Drummond treatment bog: the 2.3 meter well at site 14.
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axvws 0,343 0,050 2.3) <«3,02 3,28 sxeexw wanyw
wwewew 0,043 0,092 et <302 3.16 tnxewaw wvauww
xvewxr 0,039 0,060 2.33 <C¢02 3.20 axewnw wunew
wrerwr 0,014 0,020 2420 <3402 3.08 wwvwww waww
wxrxn wwwewrw 0,055 2460 <002 3,36 wrewax nwnie
sxwww 0,025 0,025 2.90 <3,02 3,40 wwwanr wawe

Je5 0e036 06050 1415 <Coa02 3428 wwwwnw waww

r9/ 5719 79139 6eb Lobl 4S5, *vew wrwe wrer <1,0 wwwe 127,
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APPENDIX A continued

Water quality data for the Drummond

treatment bog:

the 2.3 meter well at site 32.

———

LE ULIA PATER
JATE DATE TEMP PH COND ALK TRCa=H2T (L on Ch0 8305 80020 CRTHAD T=? NHG 4023 KJLON F COL TABLE
C UMHO MG/L AS CATL3 f<===- MG/L -==>) /100ML CM
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APPENDIX A continued

Water quality data for the Drummond treatment bog: the bog discharge at weir site 60.

CALENDAR JULIAN
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C UMACG  MG/L 45 CAC53 f<ce=- . MG/L ~==>{ /100ML MG/L
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APPENDIX A continued

Water quality data for the Drummond treatment bog:

the

lagg

at site 67 (A) and site

68 (B).

CALENDAR JULIAN
JATE IATE

JAT TEM? Pr CuND ALK TRTA=HART L Ju C3) 8335 BON20 JRTHO Te=pP NH&4 NC23 KJLON F COL 7SS

c UMHO MG/L 48 CACU3 Ig=== MG/L ===>{ /100ML NMG/L

797 5719 79139 wxex 4,37 27, evww zwvw #wxwe 1,0 wrwe 335, 3,7 2¢1 0,004 0,025 <0,02 <0,02 0,74 weenwe save
197 o/16 79167 1662 4432 300 2mex wxve vxrw wore wwevr 103, wwee wwwwar 0,019 0,039 04,046 <002 0,88 wrewws rwne
797 1/ 2 19133 TENN Ewww Hle *¥rd wwikw wwrw 1ed % x® Maek Fwww Fahkx XXRXP* AXTRCT  *H> WREH HRRTT AR ERXT WREW
197 7716 79197 163 4Lo40 34, wwvw ewwx wbew <1,0 weww 113, 1.2 wwrww 0,023 0,057 0405 <002 1.20 wotwww waew
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787 9/ 3 78246 1840 4od3 . 39¢ wwew wexw wonw <1,0 wwewwe 117, Tofi wnwaw 0,045 0,032 0,07 <0,02 1,76 wwwwwsr sewe
18710715 71482338 Se0 4. 3% 46 ®*e» wwen wwwew 309 wwewr 134, 57 12.2 0992 0.132 0.05 <0.,02 1.56 23e #uvw
197 721 719111 6.3 4035 32, Ce 10, e €160 waee 354, 1e2 wweww 0,007 0.C50 0,03 <0,02 1,00 wwwvunr wuwe
797 S/19 79139 wewww 4,44 29y wwww wwww wrew <1,0 »wve {9, 27 Pe3 06008 04050 <0402 <5,02 0,90 swewwxr wwen
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APPENDIX B,

Water quality data for the control bog: the 0.4 meter well at site 41.

CALENDAR JULIA 4
ATE ATE TEMP  PH CuND ALK TRCA=AART CL on SPL 4008 8TN20 ORTHO Te-? NHY nNC23 KJLUN F COL
C UMHG MG/L A4S CACUY ige=- MGZL eee>| /1N0ML
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APPENDIX B continued

Water quality data for the control bog: the 0.4 meter well at site 42.
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APPENDIX B continued

Water quality data for the control bog: the 2.3 meter well at site 42.
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APPENDIX C
Water quality data for the lower bog: the 0.4 meter well at site 51 (A) and site 52 (B).
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79710/ 6 79279 1046 ©e25 1J03e wvaw svww wwxe 12,5 wwwr 76, 2,h wewxw sxvewxr 0,065 0,15 <Ce02 0,96 arexww wanw
79710721 79294 »ewx g4l 77 %xnx wwww wwexe 12,3 wwen 72. 0,9 wewexr 0,349 0,060 0,08 <C.02 108 awsrtaw nunw
T9/711/7 3 79307 Se0 Deld 956 wwaw wwwe weer 12,4 wwww 44, 1,8 2¢7 06049 0,050 0418 <Cea02 0472 nwttww nane

B

78/ 7/ 4 78185 1548 660 72, wtax wvwx wwew 1,8 wrwx 48, 143 *wrww 0,014 0,042 0402 <Co02 0,20 wrvnnw wwwe
79/ 9/ 8 79251 1341 7415 161, #waw weww wrwe <1,0 woenw 24, 0,% wewewrx 0,011 04030 <0.02 <0.02 0,64 wetwas wwww
79/10/7 & 79279 95 6460 124, wxew wwww wwwx <1,0 wowr 33, J,1 wrwwe wwrww 0,050 0,02 <Coe02 0,88 swowne wunww
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APPENDIX D

Water quality data for the regional groundwater: site 81.
CALENDAR JULIAN rATER
JATE DATE TeEMP PH CAIND ALK TRCA=HAZY cL 20 cLeD BOLS 40220 ORTHN  Te-P N4 NR23 KJLON F COL TABLE
4 UMH0 MG/ 45 CACIT fce=== 16/ L ~=<>1 /100ML CM
77712729 1Tr353 skxw 7,23 275, 116, 132, Qlhy wxem ouwvw 7 1. =newr 5,012 0.C2¢ N www xwww 0e5]1 wrewaw xwuw
787 2712 73043 «xe» 7,73 2351, 122, 1'%, ANy 1947 wwixw 4 0.5 1e7 *zxww 3,105 0,06 <3,02 esrvan nurwner wuwe
787 3/ & 78063 weae 8,23 243 113, 118, 77e 2Re2 wwowe Be Deff wevae 0,004 wesew D,07 <0,02 0,20 wewwws wowe
78/ &/ 2 78092 <sxw 8,60 1)6. 91. 94, Sle 13,3 #wer G 1o wewer 0,002 0,031 Q.04 0.06 0.20 Co wwnw
787 5/ 7 78127 »=aew 9,10 150, *xwx sxee wwen 11,2 swvse 17, DJ.7 7e8 06202 0oCC03 0402 <002 0412 wuasrew wnnw
787 6/ & TBI157 #wws 9,47 132, mwae wewr xrax 12,8 wove 12, #xwe wwenw 0,008 0,017 0,06 0,02 0e34 nwvwaer vwan
787 77 4 TB8185 wexe 9,47 110, Sh4, #vew wwvix 5,2 «swxr 12, 2.7 acawn 06906 060290 <0402 <302 0,00 asvasr seew
787 87 2 718214 9.3 9.64 112, S4s S1. 139, 5.5 =wwr 2¢ 24bh wrexx 0,003 0,008 0403 <002 0.00 nwennw wwne
787 97 3 78246 9¢3 9458 117, 4E, Le, 14, 7e3 waxw 1. 27 mewme 0,017 0,013 0,01 <C,02 0,22 arekuw wanw
78710715 78233 wwew 3,46 103, 45, 44, 13, 11,6 #wows e Da3 Ten 0,001 NeCO08 0482 <3402 0,36 nwvraxr wuzw
78711712 7831 wxwe 9,43 103, L4Es ®owe Hwnenw Dol *#ueww 9. Co? wvvwr 3o0I3S D,C05 0403 <)402 0,22 wvrane wewnw
78712716 78350 #sew 8,66 123, wxwwe SO, 24, 14,4 wwex 1e 142 #xwesx 0,003 0,016 0413 <Ce02 0.36 wervrenw wane
797 37 3 79062 wwer S,46 126. lbbe bLb, werr  S.5 ewer Fo 1ol wewenr J,010 0,012 007 <02 0,28 warnruw sanxn
797 4/ 1 79091 exwx 9,25 117, 5SC. 38s 14. 7ol wwsxe 8¢ 1.4 wxews J,001 Co005 0,14 <0.,02 0,52 ewwtwr duwn
797 4721 79111 wsex §5,37 101. G4e 40, 124 4¢3 werw 7e 1o weena wwatw sxxswwr 0,13 <0,02 (0,28 swesww sanw
797 5/ T 79127 waew §.83 110e 4Ee 3he 14a 540 mwer 11, 1,6 #weewr 3,500 0,015 0014 <3,02 0420 wevvwwr ecaxe
797 5/19 79139 +#+wew 9,33 133, S0, 39. 12. 4e8 wene 9. 1.n 7.0 04007 0,015 0,06 <2.02 0,40 swvenw swnw
797 6/ 5 79156 +#»ew 8,80 93, SC. 44, 4o SeS5 wwww Ty JeB wwwww 03,010 G015 0.22 <Jo02 0,32 sevtnr weanw
r97 17 2 79133 rhwen wwwe 127, seew 44 o 17. Sel wwww 17 %eve rwerw wawwe wwwws *adw CPWY WECUR wRRFAW WA
797 7716 79197 ewew 3,80 133, 53 4b. 13 Tl wese fe 142 axvewa 0,008 0.03C 0419 <0,02 0,36 nwevasr wane
797 8711 79223 s=wex 9,26 110 S7¢ 48¢ 13¢ 4o5 wwow Do 1eb wwwew 3,003 0,020 0,33 <0,02 0,80 avwwwe woon
797 97 8 79251 wwxex 9,42 3. €a. 47 . 17. Se3 wwww De 1e5 wuwwe 0,005 0,020 0.C3 <Co02 0,32 sawwer saww
7973107 6 T9279 wwwx G,48 120, S6e U46e 15. Ly wwaw P¢ 1ol wwvws awwev 0,035 0416 <002 0.52 wavwww swew
797117 3 79307 wewe 9,37 128, Sé4e 52. 17¢ 4,3 wouw 5¢ leb 305 0,006 0,045 0406 <Ced2 V.40 swwvwr swww
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Water quality data for the regional groundwater:

APPENDIX D continued

site 82.

FATER

CALENDAR JULIAN
JATE JATC TEMP P CIND PLK TaCA=HER CL bRy CA3J BJILs 30228 GRTH4N T=P NHG v023 FJULON F CUL TABLE
o UaKO  MG/L &S CACOHD dew=~- MGIL ===>1 /100ML CM
78/ 2712 78043 wwwer 9,14 112, €Ce 49+ 20 Sed wexe 1. 0.1 1ol #oxxe 0,055 0,05 (402 *atvwrw awdnin seww
78/ 3/ & 78063 wrav 9,55 197, S0, 50. 20e 741 wuwx Se Do wewex 0,001 0,080 0,04 20,02 0426 mavwuw waww
787 S/ 7 78127 wwxev 9,30 36, »wew seax wver Lyl wxouw Se lal 3o 04000 0,037 0,04 <0402 0430 wawwwr wawe
78/ o9/ 6 781537 waxw 9,99 30, xwaw wxwen wtwexr L,] wuwe wovx 2,F wwwwew 0,008 CeC37 0413 C,02 0,35 mwwmwr warw
787 7/ & 78135 sxem 9,95 71, 34, wwww wwvwe 3,4 wwwer (1, 2,2 wxerxv 0,008 N,012 <0,02 <¢2,02 0.00 0, sewe
787 3/ 2 13214 8el 9497 56s F4e 23 lu. 2.4 weww 7e 2.7 wawew 05,000 04004 <0.02 <Coa02 0420 sevwre nuns
787 9/ 3 73246 evem 9,75 The 30¢ ?26¢ 12, 3.3 woawe Ne 15 weeew 0,002 0,008 0.01 <0402 0628 amvwvaww wawe
78710715 78238 #wee 5,33 98, 4Ee Uhe 22, F4B wrxaw 0. 0.5 1e3 00001 0,008 0405 <0,02 0639 nxvwnr sane
78711712 78316 ewws 9,66 77 32, ®eww weaw 2,6 wwww 9 De9 wweawr 0,001 Co005 0401 <0402 0,26 wrraws nanx
78712716 78350 ewen 9,057 30, wwwr 2. 1o. Te9 wwwn Ao 1a7 wrvwe 0,003 Cu01ln 0403 <0.02 0432 wrtnenr naww
797 37/ 3 79062 wwwe 9,64 100, 32, 32, wrer 1,5 awse Ho 1e65 wvswa 0,023 0,005 0,01 <0.02 0,30 wwstwnn swwe
797 4/ 1 79091 weewe 9,53 39, 30 3. 140 T3 ween Te 142 woenwe 0,300 0,000 <0,02 <0,02 0.4l mwtexr soww
797 4721 79111 wwee 9,63 70, 32. 264e 14, 1.6 wwxs e 141 #wvew 0,001 D2.C05 0410 <0.02 0432 swovwnw wine
797 S/ 7 7939127 ewaw 9,12 79, 32. 25. 15, 1.6 #wxx 24, 1.1 wxsee 0,001 0,010 0.310 <0.02 0,08 weewnr wuwne
797 5/719 79139 wewe 9,71 05¢ 33¢ 2660 12 2,1 wwaw 7. 1.9 Tel 06001 0.005 <0402 <0,02 0¢38 sawusw waww
197 6/ S 79136 wwxx 3,90 5S4, 39. 30, 10. 1.9 awaw ?e Coe? wwwar 0,004 0,015 0402 <3402 0,36 wwranr waww
79/ 6716 791467 e«wxx 9,59 71, 30, <24 He weer wwwr 15, wwerw aewew 0,009 0.C10 0,04 <0402 0,40 wevwnew wwww
797 7/ 2 79133 ewew wawe 74, wxwea 28, 16, 1,9 #wwr 17, wawe vravevr axwwe 0,020 wodw awhw whwwd akdkwrn waww
797 7716 79197 =»2x=x 3,99 73 4Ca 34, 15. o3 wwww 7. 1o wowvew 0,008 0,015 04068 <3.02 0,32 wwettwn snww
797 7730 79211 wwsx 8,43 3. . 35. 13, *ew e awww 6o 166 wwrrw 0,006 0,C10 0402 <2.02 0452 #svwux 2aww
79/ 3711 79223 wwwmw §,37 34 39. 34. 13. 1.8 wwew 0. 1.2 2wern 0,009 0.C10 0,02 <0.0C 0460 wawwewwe swnv
797 3727 719239 wwxx 9,35 75, Ja. 10. 13, Cal waww Ao l1e? wowew 0,009 0,010 <0402 <0402 0612 wwwvoww sanww
797 97 & T3251 wawe 9,51 33, 39, 36 15, 2.9 wwons 2¢ De9 wwnww 0,002 0,005 <0.02 <0,02 0,12 awwwwr wwne
197 9723 79266 w#waw 9,01 39, 39. 35, 13, 2,5 #wexv 11, 1,0 woewwesr 0,002 0,010 0,04 <0402 0,22 swwwnw waww
TR/7107 6 79279 +wwwew 9,561 89, 35. 36. 16s 261 wwwe 2¢ 0eh wwesn wwnzv 0,015 0,02 <0,02 0,68 wrawuw wonvw
79710721 79294 wrww 8,91 72, 39 36s 1lde 1,9 wwes Be l1eb wwwww 0,001 0,005 <0.02 <0.,02 O0.44 wwtews wwnn
797117 3 79307 wwxsw 9,867 91s 38e 38e 19, 2.0 #wew 16, 0.6 1e6 00004 0.C10 0402 <0.02 0.28 wewwww wawr
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APPENDIX E

Water quality data for the precipitation.

CALENDAR JULIAN
DATE JATE

(&
(]
N

TEN? PH COIND ALK T&Ca=HARD L PRy C7) BGLS 8GD20 GRTHO T=P NH4 N023 KJLDN F COL S04
c UMHC MG/L AS CACU3 Jg==- MG/L ~==>] /100ML MG/L

787 37 4 78063 «wwwx 5,03 Be Wwaw wukw waer <1,0 wwew T, wwwvr newwwr 0,006 0.C40 0.06 Uo32 0,36 wenwnw saew
78/ 37 & 750263 #wex 4,73 10, swex swvxww xxww <1,0 wwre e wewe wxrew 0,007 0,040 0,07 0,34 0.26 ewvewws vare
78/ 5724 T3la4 wwaxe S, 3¢ 13, 1. 2. 2e <1,0 wwws S5¢ 17 wrwwx 0,005 0.016 0,16 0,24 0,16 nrwean 2aww
78/ 5/23 781643 wwwe 5,47 14, 1. 3. T¢ <1.0 wewr 11, 1.2 esewewr 0,000 0,032 0421 0427 0,42 wvvrww saesw
787 6/ 8 76159 »*ev S,92 12, Ze twwn 2o <140 wxwe vave wxwvw wwewewr 0,004 0,038 0410 04,24 0,10 wavwcn vaws
78/ o0/713 T731o4 wwese 5,23 16, 2e weww 1e 1,0 awer #wvw wewnr wwvuw 04000 04036 0a22 Te26 024 wrwaw wuwe
787 6716 78187 wawe 5,659 13. Le wvwx mworve 1,0 wewre tnee wwww wwwvae 0,000 0,028 0,13 0.22 0.16 nrewwn wawe
787 7/ 2 TR1IR3 swawx £,29 17, by wrew wwaw  1,] wwew wwew wwwe wrawwr 0,000 0,012 0,13 0,36 0,30 sasxwwww oxew
787 77/ 3 78134 wweae 6,44 20, Go worw #wrr 1,0 wwre wewe ovver xxwwe 3,000 J,C012 04046 0,20 0,14 wvenww wave
787 7/ 8 78139 wmaewx .45 13, Co wevws wwws <1.0 w¥wes wwww voews wrweww 0,136 0,200 0,24 0.24 1,78 wnewnv mawe
787 /13 78194 wmie E£,53 11, 2 #ven mexw 1,0 weve owanx wewe wraerewe 0,010 I,C16 0,03 0,28 0,12 execnr wawe
78/ 7718 78199 s=sxx 6,61 35, €o wWrFXH Whww le]l *%ws wrerv vewe wxewxr (,008 0,014 0,77 0,95 1458 wwatne wawe
7B/ 1722 78203 wwex 6.53 13, bo waww weraw <1,0 wwaw wwew wwwxw wwwww 0,005 0,006 0405 0.36 0,12 sewvwe wzwe
787 7/725 78276 wwx= £,63 23, be wwrr wwaer <1,0 wwrwr wasw woerw wxrexr 0,011 0.032 0463 0462 1.04 wwewnw swen
787 1729 78210 «wwex 5,069 27, e etk weee <1,0 wwwe wwax voeww wwrwa 3,007 Co024 0446 0478 0,54 evvnwnr nuww
78/ 3/ 2 78214 wwre 6,76 11, 4o wxvd wrew <1,0 waew wore wvae weews 0,000 0,030 0419 0.20 0,30 wvwwaw wwew
78/ 3/15 78227 wwew 5,86 20, 2 wvek memw <10 swer weavw vewe wowwe 0,011 0.C16 0443 0,38 (.58 swewnw vene
78/ 3716 78223 +#wae 6,44 17, 1, #vew wwew <1,0 wwee awws wowe wvewww 5,003 0,303 0,2 0630 0432 wweornn wawe
787 3723 78235 wxwx 5,350 9e le wwaw waws 1,0 woves ewew wwww woenr 0,000 0,004 0412 0416 0016 nevenw wane
7A7 9711 78254 wwewx 5,92 17, 2, wwww wwxv <1,0 weoww G menrw wwwiewx Jo004 £.014 0,33 0416 0,52 swowner wuee
787 9714 73237 wmxw 5,%4 1l 20 w¥vwvw wwee <1,) wwew 0, *vww wewewr 0,000 0,008 0.1l 0434 0,18 wwvwawr woew
78/ /19 78252  wwxx 5,965 19, 20 wrwr wrew <1,0 wwnw 2, wewn wwwaw 0,005 0,012 0.33 0,42 0,52 wrevnw waww
7T8/10/7 6 78279 w=wx 6,25 la, Ze wwwx wwze 1,0 2wew Go weww mueww 04000 0,012 0413 Q416 0,22 werwns were
78710715 78283 w*www £,31 20, 2 wrww wwkrxe 1,0 wwew 1e woww vwmwww 0,003 0,012 0e12 J.33 0,38 wervens sunw
78711723 78327 wuww 7.26 460 weaw wnww whew 2,2 waxww wwsw weww wveww 0,031 0,144 0416 0438 0.72 wwvewr wane
78712719 78353 wexx 5,46 18, 20 #atm mexk 2,3 swwy waww ewew wwrew 0,012 0,025 0.10 Q.40 0,18 wrwwwse (.0
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APPENDIX

Water quality data for the precipitation.

E continued

CALENDAR JULIAN

VATE OATE TEMP PH CIND ALK TRCa=HAR2 CL 20 €00 BJI0S5 BUDN2Y GRTHO T-P NH& NG23 KJLON F CuL SCwa

C U440 MG/L AS CACD3 (=== MG/L -==>] /100ML MG/L

797 37 3 790362 wwaw Lo56 20, *vr2w 8, #rer <1,0 =xewn Ne 2wwe nxwwe 0,003 0,040 0.1l 0,53 0.40 swwwwer wvaww
797 37 3 79082 wwaww 4,53 20, wwraw R, wewr <1,0 wwan Ve wwte osxaww 3,003 0,020 015 056 Q.68 sxsrar wawe
79/ 3/ 3 TG50h2 #axx Lo,61 23, wrax Be #hewr <1,0 wwer Se wrww wwwwx 0,306 0,020 0.10 0e20 0,48 nxtxwx waww
797 3722 792351 wxx £438 42 Fe wwwe *wixw 2ol w2t svew wenxw wwwew 5,015 0,090 0,31 0,60 0,31 exewwx 3,7
TR/ &/721 79111 wwee 64,99 Be 4e 2. Do 1.1 #nxwe 1y w##xwe wwwerw 0,004 0,125 04256 0420 1,16 wwrewe 0,0
79/ 5/ 5 79125 ««saev p,17 27, S Be Hbew wuex vwwwr wwvw werr wwxwwr 0,013 I,020 0,52 J.35 0,84 wwwexe 4,5
79/ S/ 7 19127 #%sx 6,39 28, 4o 6o Ge wrwk nwwr wwew vwwk wxvew 0,014 0,069 1412 0,65 1.68 wewwwx 4,3
797 5710 79130 wwex 5,063 26 2 w#2m wwww <1,0 wwaw oswwyx wxvrw werww 0,000 0,040 1.01 0.45 1.1 axwwer 2.5
797 S/17 79137 ewex 6,30 36, 3o woxn wwwew 1.0 wwowe wwrx wwen wevrw D005 D,045 04462 0465 1.4C weawwsr 7,9
72/ 5/723 79143 wsew &,07 26 4e Ye Be %e¥e twaxw wewww weew wawww 0,014 0,020 0,93 0,55 1,16 wwewse 5,0
797 5731 79151 #awae 6,24 25, e e Be *vwx wwww wwww wwwv wreww 0,010 0,050 0.62 .50 1,10 xwensw 3,4
797 6710 79161 wwew 5,655 17. €e fe wHww wwoew wwew wwwx woww wwawws 0,198 « %00 0.588 Dol varwer twewnw 59
79/ 6717 79158 #wwe 6,535 19, wwaw woww wwwa <l,0 wawr owvw waww worns 0,230 0,250 0436 0el1h 1,68 nwvrwe unew
797 17 3 79134 #=we H.02 45 2. 6o 2¢ €1,0 wewe wwew cexe sveee D N12 0,020 0436 0430 0,56 wwwwsnw 1,9
797 7/713 79194 #2wx 6,33 19, wwew wwrw wwnw 1,0 wwww weew woewn 2wwwn 0,008 0,010 04,63 1e14 0,88 eswwve saww
797 2726 79205 w»wee 6,10 19, €e Te O <€1,0 wroaw wwee wewe wewne 0,010 0,010 0456 0a32 0,60 weewense 1,7
797 7726 79207 wwesw 6,38 23, nwer woww wavw <1,0 #xwr woeer wews wxwwx 0,020 wwnwn 0,24 0,26 wxewn tuevevwr waew
797 3/713 79225 *awx §,53 29, Ge WwHr Wwww 1e3 woae wwaw _weww wrxwew 0,334 0,360 1416 0450 4.5 nwwwws 3.7
797 8723 79235 =wxe p,13 18, 2. Fe wwaew 1,0 whwy vewrs wwwwe wwwwew 0,024 0.040 0426 Qe32 0.74 werxwxr 2,0
797 8727 79239 wwww $.25 1de woww wswsr wwws <1,0 w#wer wwvw wwww wrwwew 0,002 0,100 0.39 0,22 (.82 #wwewnw 1.0
797 9/711 79254 wexexe 6,40 19, 4, Ry wwww <1,0 ewrw wraew wewow wwawr D,002 0,015 0448 0438 0.HE wxwrew 1.5
79710719 79292 wewe 6,05 34, 2, woww wwmw 1,0 wwws worw wwww wawww 0,006 0.040 0,43 Co76& 1,40 weewnne 8,6
79710722 79295 =#ww 6,30 18, 2, wwvwk wewn <1,0 wwav waew wwwe wxrxwww 0,005 0,035 0.2&6 0,32 0i30 mswweww 4,0
7%/10/25 79298 waww §,31 Te 2, wwxw wwww C1,0 wowe wawx wene wrwwx 0,005 0,030 0,02 J.04 0,24 xxwwwxr 0,4

2ET



APPENDIX F

Water quality data for the Drummond primary lagoon (A), secondary lagoon (B), and lagoon
effluent discharged to the bog (C).

CALENDAR JULIAN ”
QATE DATE  TEMP PH COND ALK TalA=H230 €L 00 CCY 8505 3072C URTHO T=P  NH4  ANC23 KJLON F COL  TSS
c UMHG  MG/L AS CACE3 f<==- MG/L ===>{ /100ML MG/L

T8/ S5/ T 78127 wwew 9,.8) 320 adww wwwr waxen 1,0 wewe 42, 4ol wwerw 0,372 0,480 0,83 0.08 3.80 wwewaw nant
78/710/15 78283 ewwx 7,67 435+ 128, 138. 1064 11440 woewe 45, 2.1 1146 20932 0,833 0.70 093 5,86 wwwwne saww
79/ 9/ 8 735251 warw 7,73 590, 168. 176, 122, 119.0 wawwe 55, 1.7 wewaw 3,090 3,130 4.55 0,06 7.50 ntotnn #awe
797107 6 79279 wwex 7,91 6304 17C¢ 184 125.110.,0 wwer 33, 2.5 sveww 2,500 2.500 4,80 052 6,60 noases saun
79711/ 3 79307 wwws 7,69 6500 1566 1754 122. 9340 #wew 32, 5,0 sweww 2,130 2,350 3,50 2430 S.60 seawar waww

79/ 5/19 79139 wawew 9,99 220s 67+ HSbe Ko She7 wewe 31, 2,1 swwwws 0,052 3,130 <0,02 <C.02 1.20 swwwuw wans

797 6/16 79167 wwwxr 7,72 240 70, 29, S3, *wwew wwwr 49, wwew wvwsw 0,045 0,307 0,12 <202 1.34 Oe wwww
TR T/716 TI197 #2¢x wkox «xt® Rexw *xvw wbww ChPk *A W FRAN AP RP AXANF wwmehk whusd whuw Chow A kw 20, wexw
797 97 8 79251 HREXR HAXY NEAW A hTh Wrrd AV AW AV T AR TE AN T XAWT RCRNT AXTEN WRARE W REw WAk w AA kAW 2e *anw
797107 6 79279 PERAE AREE HTRE RNRE XN KRAXTY AP’ RTIY AN CE FAXRE R ARy FHOT kR wawdw XY} ARARY FwewS Je wunw
797117 3 79307 #5%w #e¢a¥ CXXE S HAF AwNX WHTT FEEIW KA wd SRFN FAAF EWARNN ANNEE ANAAN  FAWT RO w ARAew 3. 2uwe

797 6/27 79174 wwxx £410 270, 63. BRbe Soe 389.4 wmwee 32, 1,7 »axwwe 0,072 0,290 0.24 <3,02 1,16 wwewwe 10,0
797 7/ 2 79133 wwxwr 8,25 2304 71. R8s S3. 39,4 wwew 27, 1,5 wwewe 0,099 0.250 0413 <0.02 1.12 wewexw 13,0
797 7/ 9 79190 +wew 8,37 255. €4e B2¢ SZo 357 wewwr 29, 1,7 wwwvesx D064 0,230 0,06 <3,02 0,88 ewrwsnr 17,0
79/ 7717 79198 wwww 8,23 240¢ T72Zs 90¢ 60 38,0 weee 23, 1,9 +rerw 0,064 0,150 0,04 <0.,02 1,11 wwoexe swww
797 7723 79204 ke 8,4k 250s 72 926 Sde 39,0 exve 33, 4,1 evewx 0,071 0,219 0,16 <0.02 1,27 seowew stuve
79/ 3/ 3 79215 ewwr 8,10 270. 80, 100. 55. 38,0 #wwe 27, 2,5 wreew 0,061 0,150 0,02 <3.02 1,03 ewnsnn awaw
79/ B/714 79226 wxxw 8,22 237 7S¢ 102, 52 58,5 wewee 39, 1.7 wewwn 0,063 04229 0,09 <0.02 1,62 svsrws 17,3
797 3/21 79233 »aww 8,03 300s 8Ce 104s 54 003 #wvs 31, 1,9 wwwwew 0,068 0,192 0,02 <0,02 1,30 swewws 16,0
797 9712 79255 wwwx 8,53 230. €8s 90¢ S4. 647 weww 27, 1,4 wwewrx 0,018 0,110 0,04 <3,02 1,38 wwwwnr 25,3
797 9717 79260 wwee 28,20 240, 6l4e B4e 58. 372 wewe 25, 1,2 weer« (5,015 0,110 0,02 <0,02 1,16 weerns 27,3
797 9725 179253 wxwew 3,21 270e 11 92. 62¢ 3747 wwww 25, N.7 wxwwx 0,024 N,035 0.02 <0.02 1,06 wewwwe 19,3
79710/ S 79273 wewew 5,28 250e €4s 32. 54 31,9 wwwe 34, 1,2 wrews 0,021 0.080 0402 <0,02 wawsrsn s2xvewwe 22,5
79710711 79284 wwex 3,33 350, 83, 108, 70. 6344 wwer 26, 3,0 73 0ea018 0,035 <0,02 <0,02 1,086 wwaxxw 23,0
79710720 79293 »www §,59 3204 74. 96e 530 634 *xwwe 24, 2,0 £e5 06013 04135 <0402 <0402 1412 wwwwww 21,5
79710724 79297 wwxww 8,35 2904 74. 94 58. 52,2 w=www 23, 2,3 7eG 06011 04090 <0402 <0.,02 0494 mwwewnwr 25,0
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Water quality data for Weso Lake.

APPENDIX G

CALENDAR JULIAN
DATE DATE TeMP  PH ALK TRCA=HASD CL DESR T=-p N b NOZ23 KJLDN F COL 7SS
C MG/L RS (<K === ===>{ /100ML MG/L
rr/11/18 Tr7322 2e5 Se54 Fewe wwew 1el 543 wvex 1.7 0.086 Cold 0,02 1.68 wewnwvw wenw
r7/12729 717363 cxrr 5,16 *rkx woaw 4.8 S.3 33, 1.7 Ce072 0408 0e07 (o775 dwrtx sawe
17712729 17353 wewr 5,63 TwrE Axww 3.2 5.3 55 1.0 Coel?76 (€415 0.07 CaS1 xxstxe wiuwe
7712729 77363 rewe 5,30 2 Ferw wrwe 5.2 3.0 75. 1.2 0.128 Ca?0 0,08 0,61 wwexwww wzwew
78/ 3/ 4 73063 wawae S,LT  Il, wave xwws 1.0 #ex» 59, C.a 0,040 C.05 Q.28 0,70 wenuxw nzww
78/ 3/ 4 780832 wrww S,47 25, mrxkw wwew <17 3.7 53 0.4 0.0R0 Coe01l OQol€E 0074 *ewwwr waww
78/ 3/ 4 78053 veev 5,60 326 *wkw wraw <1.0 1.2 59, 045 0,170 C.31 0.05 0,98 «wvwarx waww
T8/ 57 1 18127 15,0 5,30 25, vaex vxwe 2 TeT Gue. 0.3 Ce022 0402 0.01 1,04 wenuwsr snrvw
787 8/ & 78157 vree 5,54 Se ®rww wwwa <1.0 543 554 0.5 0055 Ge05 <0402 GoBB wwwwna sxxwe
78/ &/ & 178157 Twaw Xxaw TRECN qERrw rw e 1.3 wxvw wxre wak kw Kw KR ED FANFR KRR ERN ANRE
78/ o/ 6 T3157 wrww 5,064 Kwdr Cwww 1.1 0.1 49, 0.2 0,205 0403 <0602 0.76 wwworw wwnw
78/ 6/ & 73157 wewk 5,30 Kewx wwwe 1.3 0.0 5S5. J.3 wxwxw (.49 <0,02 1,36 twnere wunw
78/ 17/ & 713135 2349 5.35 Faww AHEx <l 6435 52 1.0 C.036 Ca01 <0.,02 92.2¢4 J. wwwe
187 7/ & 1781585 whak Twar AR Ceww wwer 5,4 wwwh * Ak AR RARE RARR RAANE RPN ART NAAR
t87 17 & 78135 AR AE Ewax Faww Fewew “k ww Dol wowre wwnn Kok 2w Kk w WREY ARWER AEBUER W ELA
18/ 7/ & 18185 3«5 555 kwww wrew 1.0 0.9 50 1.1 0e0t8 <0,02 <0402 0,156 #xwaww worw
1787 t/7 & 178135 ol svew R XN wwaw *hrew 0.0 wenn wRE RN h e AT T WRAPN KPR ANE AR
187 1/ 4 78135 oe?7 5.83 reer wowe 1.0 0.0 71, 04120 0e84 <0.02 1,04 wawtew wtwn
78/ 8/ 2 782ls 247 5.98 TR E wwww 1.0 6.4 495, C.024 C€.02 <«0.,02 0.52 0. 2.0
787 87 2 73214 wwHk wAR® Awrw wwaw TR 3.2 wewnx ek Awwx ARHT HAKANR CRKPAN whaw
787 8/ 2 78214 12.0 S.69 rovw wwaw 1.1 0.2 49, Ce036 <Ce02 <0aG2 0,36 wwwawe 11,5
787 8/ 2 718214 Fakk wwkw Avea whew THew 0. wene TR 'SR E: ARXN AXNAIT AERACT wEAR
787 8/ 2 78214 7.5 593 wrkh whew 1.0 0.0 57, 0074 0eb47 <0s02 1,04 wwwsee 31,5
787 97 3 78246 2543 5.70 by #wraw €10 BH.s S1l, Ce022 Co06 <0,02 0,50 wewnww €5
87 97 3 78246 Prww kAW Fwaw wFwEw R Tk Del wvunw wrw ok e kW TEUR N RAPT ANRRNSY WhkAW
787 9/ 3 78246 texn weww wHE KW awwr Dol wwxe AWERNE AWK RREE RAAETY AW ANE A ANN
7%/ 9/ 3 732406 iles 5,93 e wwrww <1.0 0.0 141, 0.044 <0.92 <0,902 0,82 wrxaww 21,0
787/ 9/ 3 78245 7.3 6425 10 wwraw <1.0 0.0 133, CellC Co71 <GeD2 1,50 womwaw 41,5
78710715 718233 10.4 5,90 wewr AHww 2.0 5.0 13, Ce022 Ca01 <Co0Z 0,83 wwwwee 4,0
73710715 178233 3e3 5458 2, weww 1.3 4.4 13, Ce028 <0.02 <0402 1404 wwwrwer 4,0
78710715 78248 A RE WwWW *ErwR wwew TR 0e) wewa ARk P e kw AEEWE AAERE KA w AN RARRE
78/710/715 782338 WU wkE waww TRwx wevw wk W 0.5 xwen T X " w e KEA N FARNE KORRRE AN
T8/10/15 78283 oel 5407 tere wwxe <1,0 0.0 25 Col72 $.95 <0,02 2,20 wwxsxuw 29,0
78/11/712 78315 0.5 5.56 TEEw wEww 1.1 57 0e034 0413 <0402 0,80 wewnenx 2,8
78711712 78316 440 5493 wewa wwwyw <1 .0 49 0,040 Cel3 <0402 0,84 «wwewxw 2,8
78711712 78316 4.0 5.93 wwk kAww 1.0 52 0,040 0,14 <0,02 0,80 wwewnwn
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APPENDIX G continued
Water quality data for Weso Lake.

CALENDAR JULIAN
DATE DATC DEPTH TiEMe PH  CIND ALK TRCaA=HARD cL o 73 B31S 80320 QRTHO T=P NK4 nC23 KJLON F COL 1SS
FEET [« U4HQO Ma/ZL AS CACN3 f¢e=- MG /L ~==>] 7100ML MG/L
TR/12/716 7835¢C 2 0e5 S5e73 32, *exs xwex wxew <10 7.1 3540 1o7 wewww wdwsx 0,066 0416 <002 1.N4 weuser 5,3
78712716 783593 3 KK AX® wAAK WPk WU hw KEAX kTN KA ww SeS T¥rxd FwAR SAH XX T XARE AW AR Reww FWNE RAF AN xR ANR RAwW
78712716 T8350 10 3.5 5470 X0, wewsx wexs wxweww <1.,0 5,3 31, 1o wrwww wwasr 0,05€ 0417 <0.02 0.96 werssax 3.8
78712716 78350 14 WXIE HTAR FREF PUER whAF whww kW kA Gol RACE RACKE STTRXF WREXAY S4® &N Tern RATR AAXNSIN AT UREY HAEN
78712716 78350 13 3e3 5465 30, wxwwx weor arww <1.0 3.3 44, 1ol wwaexe wawww (068 0,27 <0,02 1,00 wenuwww 2,8
TR/ 3/ 3 79062 0 w»wsr 5,68 4SS, be waxe wewa 1,0 3,4 31 Q7 wwxwwexr 0,021 Co040 <Ce02 <0402 0,70 wewnww 5,5
797 3/ 3 79062 B RANE TEKR TR XN HRAF Nhwh wNRW A v TeS wkwe woww hadwd Fwhkhkk ASW A AUTE  AWEE KRN NE AP RTY WG E
79/ 37/ 3 799252 10 wawr 5,61 43, by wrex wwww <10 2,8 S1, Q47 exexx 0,025 (0.050 <0.02 0e25 0,78 wswnen 4,5
7%/ 37 3 790862 12 WRWY TEwd wRrw REXF ARATNT REEP Wa ah 1.5 *hod wewnr Amwdr FTwNET TANRW aeex AREE RACETY BSAAAR RN w®
797 37 3 719062 14 MANY RITEH KT EXN FAXEY HATE WERR A owh 1.0 wevw wxww wakesr swaedw wawow Ak WHRR KRN Rt Thew WA
r9s 37 3 79052 13 w#wae 5,80 45, Ho wwex wwxee <1.,0 0.5 Sle Je7 wraewr 0,071 0,070 0.18 0428 1,14 wenwese 1€,.5
797 4/ 1 790371 0 w*xwe 5,51 4E, Ge wtww weww 1.0 ewew 21, 1,2 wweew J,004 C.020 Co06 0630 1,04 wassaw weowsw
797 4/ 1 79091 10 wewe 5,3 Jue Ho wevw wwerr <1 ,0 weew S51, 0¢8 wwwaw 0,017 o030 Co02 0.25 0,88 tesnvw waww
79/ &/ 1 79071 13 wwee 5,77 33, Be wwww werw 1.0 waewe 55, Q0,7 wawwex 0,016 Co030 0.08 0,15 0.84 weosran naew
797 S/ 17 19127 0 T.0 5.53 27. Jo 13, weva <1 .0 wwex le 142 wewxw 3,003 0,050 0e02 <0602 0,864 wewnxe €,5
797 57/ v 79127 10 ve0 S.54 29, 3. 11, be 1.3 wxwew 53, 1.4 wrwew 0,008 C,050 Coe04 0,05 1,08 wennex 7,5
197 5/ v 79127 13 6ed Ha1l3 34, he 135, 3e <100 wwew 73, 2.4 waewwr 0,017 0,110 (o34 <0.02 1,24 swweew 18,8,
797 5719 79139 0 17.9 5¢55 2. 2. 12. 6e <1.0 7.5 49 1leb 37 00C3 €e020 <Ce02 <0,02 0,72 sownwe 2,0
797 5719 79139 ) NEEE HEEN AP AN Chaew HFwr XTWTE R wW 4o wHxe HewR wEAWE FARRE AR AW awkw WRRE BAARE FARRAY RERW
T97 5719 79139 10 - 5.8 5.39 27, be 12, Te <1,0 0D.58 33 0,5 1.7 0.011 0.040 0.05 0405 0,88 wexwwes 7,0
79/ 5719 7179139 14 BHAE FRHAE KT ke Ak WEUE ARAE AN e #*#%A® wrwe whTaw wvwwkd® SWw AN AWk RERXY HRCIN TENEUR SREW
797 5719 79139 18 5.9 5.31 33, 6e 17 9. <1.0 0.0 67. 0.2 347 0.040 0,130 0.48 <0.02 1.56 *vwwnwr 25,5
797 6/ 5 T915%6 0 w»ree 5,51 22, by 1G. be 142 wwew 40, 2,2 warwew 0,009 Co045 Col6 <0,02 Q.34 *rxnae 1,5

797 6/ 5 79156 10 #»+=x+e 5,55 21, he 12, be 1.0 #ere 4, 143 #wewews 0,021 0.065 0,32 <Co02 1,04 »evwse 1C,0
T9/7 6/ 5 79156 i wxwe 5,77 28, 6 12. Boe 140 woew wove wawe senwvr 0,040 wower (42 <0,02 wwaer ctnuve swew

797 /16 79157 0 25.0 S.44 25, 2. 13, Se wrwre 5.6 43, wewx wawwnx $,012 awwwe (3,04 <0,02 0,72 svewwse 2,0
79/ 6/16 79157 4 WEIE HEEW whew RIYPR wRCr wAew wawh 2.2 4w h 2XAX WACKE WUREX KAR WK w W WERF CRXEER ROTARY WEEN
79/ 6716 79167 IS W NW WAEE KRR XXY FAXWTE AR ENY AR W AN AR Deb Wetrx® wete ARXFP” Rwrvw F¥hws YR X3 KNREN AXANEY PR RPN WACR
79/ 6/16 79167 10 9.5 5.28 26 2. 15, Se wewr 0,0 3539, wrwwe sowxws 0,020 Co0S0 0404 <0,02 0,76 wewwwe 4,0

79/ 6/16 T9167 18 665 5463  Ju. 3. 15, 8e w#ewr 0,0 050 wewwr wawws ),(74 0,2C0 CoS8 <0402 1,56 wewnww 26,5

197 17 2 75133 O wwwe weww 27, «wwx 13, Te <10 wxex 49, wavw swwwen «ovsxr 0,030 seetr woaer wewoe eturne woww
797 77 2 719133 10 wewe xeww Ce ®arv 14, Be <1,0 wwweo £33, wwesr wwrew warve (0,040 wwed dwat wanwow wbwidw weww
79/ 1/ 2 793133 15 wrxe weww 33, wewex 17, 10 <10 ween 53, mawr wwwww wwwrw 0,130 avxor wwws wawen srvawtwr ween
797 7716 719197 0 27.5 S.74 27. 3. 19, be <10 43 5352, 1,7 wexewr 0,014 0,050 Coll <0,02 0,68 wewnww 3.0
7% /716 79197 2 KERT CTRR AREN WRAT WACW ANEPE AN wE 1.9 #%x% wo®d wAAWY wwedd SACRW teww ThAh WANTCE FRERNE NEEW
197 7716 79197 4 RREE FETE FEARN WARXSY *Par wwkd hk A Qe Weme wown Akv*x twzetr xewww RAEE AR ER NATEN RCTANE WREE
797 7716 79197 ® AREE KRR E ARACE NOTF AWTX AW RNET W R Do Wrws waww wwkow wwerw FXWFW [T X HEN RANRR PR Awk wROW
797 7716 79197 B HURE WRAE Ww RN Kvew Fhat kwww et 0,0 FeRE AEIN NXAN AT RAAER RARET ACRR AR RAREN AR REE SRR
79/ 7716 79197 10 345 5433 3C. Se 15, Be <1.0 wwes 526 . 1.0 =xweww 0,023 0,070 0.49 <0.02 0.68 sewwwe 6,0
797 7716 79197 13 5¢3 6425 37, 12, 13, 19, <1.0 evwvwe "4, 0,7 xxxw= 0,155 0,290 Q.93 <0.,02 1,68 wwwsws 1C,0

GET



APPENDIX G continued

Water quality data for Weso Lake.

CALENDAR JULIAN
JAYE JATZ DEPTA ToMP 2H  COND ALK TRCA=HERD CL his

27 8075 B9220 GRTRY T=F N+ 4 NO23 KJLNN F COL TS$S

o

FEECT < UMAD  MG/L AS CACN3 f<==- MG /L -==>§ /100ML MG/L
79/ 7730 79211 0 w«vae 5,02 32, 2. 12, Se wrer wwewr 33, 2,2 wewwrwx 0,005 C,035 Cul16 <0402 Q.76 werswesr 5,0
Tes 1730 79211 10 wewe 5,29 35, be 1lu, 3o woxw weew 37, 1,2 wamxwre 0,016 C.0635 (.06 <0,02 0,52 #wwsev 9,5
T9s 7730 79211 18 we¥x 6,20 37, 9., 15, Qe wwew weww 197, 1,6 wawwxwe 0,081 0,205 0,52 <0,02 1.76 wewnexr 18,0
79/ 8711 19223 0 20.0 S.79 25. 2. 1J. 6o <10 #eve S5, 2.8 ewzxv 0,005 Ce0%0 Colt <0402 04R3 awsnawr 5,8
T9s 8/11 714223 10 8.5 Se.64 11, L, 15, Be <1.0 vvwe 535, 1,2 avwew 0,931 0,070 C.04 <0.02 1,04 wewsxes 14,64
797 8711 79223 13 60 5.95 34, 10. 17, 3o <140 weex Bpe 1,7 wxwex 0,103 0,180 0,64 <0.02 1,56 weswnsw 23,7
797 3727 19239 0 w=xwae 5,78 23, 3. 9. 6o 1ok ewwex 33, 1,0 wewwwr 0,007 (0,020 <C.02 <0.02 0,50 wvwawe 1.5
197 8727 179239 10 ewsxe 5,830 25, 5. 13, he <loN #wew 53, 1,0 *exww 0,012 0,050 <0,02 <Ce02 0,56 *wwawe 7.3
9/ 8721 79239 18 *»»v 5,08 28, 11, 13. B¢ <€1,0 wwweae 51, 1,4 wwzex 0,103 0,390 0.54 <0,02 1,48 wessew 20,0
797 9/ 8 79251 0 18.3 5.38 23. 3. 12, He 1B 6Baou 45, 1o7 »wwxw 0,015 0,350 <Co02 <Ce02 D.h8 wwwunww 2.0
797 9/ 8 19251 2 WHHY WThkw NHAT EXAw® KRPET ANARN AT R Beld Waerd WWRX CwhkFAN Wwkdk wwx Nhww Fw X WhRACN wwd wwh Ak
797 97 8 19251 4 WERE WA RW KA AE AT ETY WEXAT NWNEE W oww Sel ®*xwrd wWeer *wwwd Fhwaw AAhE R vk ENEN wwwhkw hbwaRw Nawd
79/ §7 8 79251 6 WHRW W AR AP AR CwwE KA EE AN N ok Deld wran wane Swhwsdt txwuw wexdw e ww KR*® ANRFT RARNE " CRAP
19/ 9/ 8 T19251 3 REARN ACCW WhwW Rhvm Awwd WAWY WE AN Dol vwst wewn wuwkw tresw Hewww LR 2 WHAN TRANER wAP AR N EW
197 9/ 3 719251 10 10.7 S.59 2%, be 14 6o <140 0.0 56560 0.8 wweses 0,020 0,080 0,12 <0.02 1,06 wesszee 13,3
T97 9/ 8 79251 13 5.0 6.00 32. 10. 1lo. 3¢ <1,0 wewew 56, 1,1 wewww 0,132 0,220 Cob85 <0402 1,72 #wwawse 20,0

797 9723 19256 0 wwew 5,92 24, 3. 12, Se 1a8 wwwwr 39, 1,3 wewwww 0,002 0,030 C.10 <0.02 0,72 swwuwevr 1,3
79/ 9723 79266 10 »=e¢ 5,568 2t, Se 13 S5e 1.0 woeww 49, 1.0 wewww 0,004 Coe040 Ce04 <002 0,80 wewsew 12,0
r9/ 9723 79266 18 wwwe 5,90 34, 10, 15, Je 10 wwer 57, 1,4 wexwse 0,093 0.210 0.64 <0.02 2,00 wewwww 21.0

197137 6 719279 0 12.9 S5.37 2c. 3. 19, Se 1e3 3548 430 0.9 wrwae wxrre 0,035 (.04 <0.02 0,78 wowawse 2,0
797107 o 79279 A HEAY Sedd FHRAAE HwRy Herwr avwd Ewew Seh et x #rawr HawTr kAR AT AAw AW aw o PR* K AAREIN ARRANY Pakw
797107 6 792719 6 WEEE HRVYAR FRACE X THXY RPEN NEYR Cw vy Sels Rer*X® XvtW FWAKX Awrih wWHw AW weww ERER WARIN RRPREE PR
797107 & 79279 3 FRAE HCXE WNIRE RAKx WRNT KEECF AW AN Do Wewe wwaw Hwthkw TAXIN WhX AW MNANRE KRN R NRREN AR AL NAWE
79/10/7 6 79279 10 10.5 S.56 C. 4, 12, Be <lal 0.7 55¢ 1.0 wrwre wwaww 0,070 0,02 <0.02 0,94 xvwawe 12,3
797107 & 79279 14 WEWE AW E REPAR WAEh wrew mweR Ak wA Ne woawe wuwr wwkaw Fwxkwx Fhwww e ew RhEH HARIE W AR R YRR
797137 6 719279 13 6.1 6,17 40, 12. 14. 8se <1,0 #xvx 53, 162 wownw wawww 0,240 0,92 <0.02 1472 awsawe 15,0
79/10/721 792%4 0 w=wex 5,93 22, 4. 11, Se 1lo7 wwenw 43, 142 *wkav 0,003 0,020 Ce02 <0.02 0448 wwraee 2,0
79710721 79294 10 wawe 5,32 27, e 12, Be 1o7 wwew 45, 0,9 wwewwwn 0,004 C,015 C€.02 <0,02 1,00 wwewwse 2.7
79710721 792%4 18 w~wwx»r §.01 39, 4. 15, B3¢ 1ol wwsew 74, 1,7 wwwew 0,153 0,235 1,28 <0.02 2.24 *wwsex 33,0
77117 3 79307 0 55 5.31 IS, 4e 11, Se 1leb6 4e7 30. 2.3 4e6 0011 Co065 Coll <0.02 1,20 wwwsrww 5,3
797117 3 719307 6 REPU HEXT HRKT FWTN WA Aw RREXE Fw Yeh THRWN WEAE EWAAIW Fhwrw WwN RN W ww RHHN KWHIE AT AT dwew
797117 3 79307 10 5.5 5.30 32, be 12, e 145 4o5 33, 1.3 3¢l 06011 0055 0.08 <0602 0e84 »exaww 5,3
79717 3 .793037 14 FERE HTYRE A AT ACHE WP rw WU N wh Wb hol Wwww wddw AATAK FHAWN ARF AP ' RR.E] RN NANSIET WY AT BN
797117 3 19307 18 Selb Se79 34 Se 134 - 6 leb 4eb 35. 1.4 341 0,012 0.055 0.10 <0.02 0,84 wewnaw 3.7
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