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PerensEN HYDRoLoGtc, LLC

1.0 Introduction

The Genwal Resources Inc. Crandall Canyon Mine is located in the Wasatch Plateau coal

field approximately l5 miles northwest of the town of Huntington, Utah (Figure l). On

August 6,2007, a major event occurred near the Main West pillar section of the Crandall

Canyon Mine. The Crandall Canyon Mine is in a period of approved temporary cessation.

Because ofthe obvious unplanned nature of this event, the routing of mine waters in some

portions of the mine could no longer be controlled as these areas were rendered inaccessible.

On l2 September 2007 the mine pumps were shut-offand discharge of mine water to the

surface ceased. During October, November, and December 2007, no mine water discharged

from the Crandall Canyon Mine. Commencing in early 2008, mine water began to spill from

the mine portals as portions of the sealed mine workings became filled to a topographic level

that allowed gravity discharge of the mine water to the surface through the mine portals.

In early 2010, Petersen Hydrologic, LLC performed an initial investigation of iron

concentrations in water discharging from the Crandall Canyon Mine. The results of our

initial investigation were summarized in a letter report submitted to Mr. Dave Shaver of

Genwal Resources Inc.

At the time this initial investigation was performed, iron concentrations in the mine discharge

water had recently been increasing. The conclusions of our 25 February 2Al0 investigation

are summarized as follows:

r The initial spike in TDS concentrations observed in the gravity discharge from the

Crandall Canyon Mine in early 2008 was believed to be attributable to the dissolution

Investigation of Iron Concentrations in the
Genwal Resources, Inc., Crandall Canyon
Mine Discharge Water
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PergnsEN HYDRoLoGrc, LLC

of soluble minerals or other matter in inundated portions of the mine. Upon flushing

of these materials from the flooded mine areas over time, the TDS concentrations of

mine discharge water were at that time gradually returning to near-previous levels.

It was our opinion that the elevated iron concentrations observed in Crandall Canyon

Mine discharge waters subsequent to the commencement of gravity drainage from the

mine were likely attributable to the oxidation of pyrite or other sulfide minerals in

newly inundated mining areas. We believe that the Division is now in agreement

with this conclusion. It should be noted that at that time of our initial consultations

with the Division, it had been their opinion that the primary source of the iron in the

Crandall Canyon Mine discharge water was likely from the rusting of mining

machinery and other metals left underground.

. It was considered unlikely that substantially elevated iron concentrations (> I mg/I-) t

would persist over long periods of time in the mine discharge water. This conclusion

was based on the assumption that either l) the available pyrite in the flooded mine

workings would eventually be consumed through oxidation reactions, an#or 2) the

underground environment would eventually become oxygen depleted, minimizing the

chemical potential for future pyrite oxidation. Consequently, prolonged discharges of

mine waters with concentrations exceeding about I mg/L were considered unlikely.

This conclusion was also based largely on l) the fact that sustained, elevated

concentrations of iron were not observed in Crandall Canyon Mine discharge water in

the roughly l0 years of mine discharge prior to the mine flooding event, and 2) the

concept that there is no reason to believe that any substantial change to the

fundamental geochemical regime of the rocks and coals in the mine environment

occurred during the August 2007 mine collapse event - other than the subsequent

I At the time of the previous report production, the Crandall Canyon Mine UPDES limit for total iron was 1.0

mgL. The Utah Division of Water Quality has now assigned a total iron UPDES limit of 1.2 mg/L.

Investigation of Iron Concentrations in the
Genwal Resources, [nc., Crandall Canyon
Mine Discharge Water
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PereRseN HyoRoI-ocrc, LLC

flooding of some mine areas that had not previously been flooded with mine

groundwaters when the mine pumps ceased their operation, and the emplacement of

rubblized coal in mine openings in the mine collapse area.

2.0 New Hydrologic Data

Subsequent to the time of the production of our initial report, continuing routine collection of

hydrologic data, including mine discharge water chemical compositions and mine discharge

rate data, has occurred.

Genwal Resources, Inc. (Genwal) has continued to perform routine monitoring of mine water

discharge rates and mine discharge water quality at the Crandall Canyon Mine (including

sites UPDES 002 and the mine discharge water pre-treatment site. The requirements of the

UPDES discharge permit specifi'a monthly monitoring frequency (12 per year) for the mine

discharge water. Additionally, personnel from the Division collected I I supplemental

samples on a near-weekly basis during the period 10 March 2011to l7 May 201l. During

the last eight sampling events carried out by Division personnel, Genwal Resources, [nc. and

Division personnel collected contemporaneous replicate samples. The mine discharge water

samples (pre-treatment) were collected from a sampling manifold that is connected to the

bottom of a raw mine water feed pipe at the iron treatment facility.

The Division-collected samples were analyzed by the Utah Unified State Laboratory. The

Genwal samples were analyzed by an independent certified laboratory (SGS Mineral

Services of Huntington, Utah). The total iron concentrations reported for the samples

collected by Genwal and DOGM were generally in good agreement (although the results

reported for the DOGM collected samples were always slightly lower than were the Genwal

collected samples).

Samples of untreated mine discharge water were collected for laboratory analysis from a

sampling port installed on a raw mine discharge water supply line at the Crandall Canyon

Investigation of lron Concentrations in the 3

Genwal Resources, Inc., Crandall Canyon
Mine Discharee Water
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PerenseN HyoRoloGtc, LLC

Mine iron treatment facility. The sampling port is plumbed into the raw mine water

discharge line such that it'tees" from the bottom of the pipe. The port is constructed with a

vertical length of pipe (projecting downward) with two gate valves installed to control the

flow of water through the port. Water samples are collected from a length of flexible plastic

tubing attached to the lower gate valve. While raw mine water flows continuously through

the mine water discharge pipe, the attached gate valves are almost always left in the "off'

position, being opened only immediately prior to the collection of water samples. A written

sampling protocol was not incorporated into the sampling program.

As a part of this investigation, samples of groundwater discharging by gravity drainage from

three nearby abandoned coal mines in the Wasatch Plateau coal district were collected and

analyzed for iron content. The purpose of this investigation was to gain insight into whether

the coal seams of the Blackhawk Formation locally support sustained, long-term discharge of

groundwaters with elevated iron concentrations. The three mine sites sampled included the

following:

1 . Mohrland Portal (King Mine No. 2) located in Cedar Creek Canyon approxim ately 7

miles east ofthe Crandall Canyon Mine. The King MineNo.2 was active from 1896

to 1938. Together with the King Mine, Hiawatha Mine, Blackhawk Mine, and the

Miller Canyon prospects, this mining complex produced more than 51 million tons of

coal.

2. Winter Quarters Mine, located in Winter Quarters Canyon approximately l6 miles

north of the Crandall Canyon Mine. The Winter Quarters Mines were active from

I 878 to 1940s. The total coal production has been estimated at 10.8 million tons.

3. Unnamed mine near the Joes Valley Fault in the upper Left Fork of Huntington Creek

drainage approximately 4 miles north of the Crandall Canyon Mine (the period of

operation and the total coal production amount is unknown).

Investigation of Iron Concentrations in the
Genwal Resources, Inc., Crandall Canyon
Mine Discharge Water
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PETERSEN HYDROLOGIC, LLC

The nearby Huntington No. 4 Mine, located in Mill Fork Canyon approximately 2 miles

south of the Crandall Canyon Mine was also inspected. The Huntington No. 4 Mine was

reclaimed in the early 1980s. However, while gravity drainage of water from the reclaimed

mine portal area had been observed by the author during the late 1990s, when the site was

visited during late 2010, the discharge was no longer occurring.

3.0 Presentation of Data

The recent and historic discharge and water quality data from the Genwal Resources, Inc.

monitoring activities at the Crandall Canyon Mine have been submitted electronically to the

Division's coal water quality database. These data, which are utilized in this investigation,

are freely available on the Division's internet site at: hftp://ogm.utah.gov/coal/edi/wqdb.htm.

A time-series plot of total iron concentration data for the Crandall Canyon Mine discharge

waters are plotted on Figure 2 (For UPDES 002, Pre-Treatment Water, and Division-

collected samples). A plot of the 6-month running average total iron concentrations in

untreated Crandall Canyon Mine discharge water is presented in Figure 3. The 6-month

running average data analysis technique for total iron concentrations in Figure 3 was

implemented to simplify the analysis of longer term trends in the iron data. A 6-month

running average value for a given month is obtained by calculating the average of the current

month's laboratory result and the five preceding month's laboratory results. (lt should be

noted that during the second quarter of 201l, during which time a more frequent sampling

interval was performed, the running average was calculated using the current and the five

most recent data points). The running average data analysis technique typically results in a

smoothed data plot which simplifies the identification of long-term trends while minimizing

the noise and clutter of short-term data anomalies (such as potential sampling errors).

A plot of the monthly mine water discharge rates at the Crandall Canyon Mine is presented

in Figure 4. A plot of the 6-month running average values for the mine discharge is

presented in Figure 5 (the period during which there was no discharge from the mine during

Investigation of Iron Concentrations in the
Genwal Resources, [nc., Crandall Canyon
Mine Discharge Water
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PETERSEN HYDROLOGTC, LLC

late 2007 was omiffed from the running average flow rate calculation). A bar graph

summarizingthe average yearly mine water discharge rates are presented in Figure 6.

As mentioned by the Division in their 2 June 2011 Hydrologic Evaluation Update, several

factors have complicated the performance of the mine water discharge flow measurements

subsequent to the commencement of gravity mine water discharge at the Crandall Canyon

Mine. (Prior to the temporary cessation of mining in 2007, flow measurements were

generally performed using an in-line totalizing flow meter and are believed to be accurate).

Accordingly, to independently determine the current discharge rate, an instantaneous

discharge rate measurement was performed by Petersen Hydrologic, LLC on l8 October

2011. This measurement was performed at the outflow from the treatment facility to the

UPDES 002 outflow point using a Marsh McBirney brand electromagnetic current velocity

meter and wading rod. The result of that measurement(427 gpm) is similar to values

recently reported to the Division by Genwal.

The results of the sampling of gravity mine water discharges from nearby abandoned coal

mines is summarized in Table l.

Laboratory reporting sheets are provided in the Appendix.

4.0 Discussion

As shown on Figure 2, after peaking in late 2009 and 2010, total iron concentrations in the

mine discharge water have shown a gradual declining trend (see also 6-month running

average plot in Figure 3). It remains our opinion that the iron in the discharge water is

primarily derived from pyrite oxidation reactions in the flooded portions of the now sealed

Crandall Canyon Mine. The Division is in agreement with this determination of the source

of the iron (see the Division's Crandall Canyon Mine Hydrologic Evaluation Update, June 2,

201l). The observed general downward trend of the iron concentration data are consistent

with our initial conclusion regarding the source of the iron and the conclusion that iron

Investigation of lron Concentrations in the
Genwal Resources, Inc., Crandall Canyon
Mine Discharge Water
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Perenserq HvpRoLocrc, LLC

concentrations would decline over time. This decline is likely attributable to the combined

affects of l) chemical reactant depletion and reactant product flushing, and 2) the effects of

preferential groundwater fl ow pathways.

The establishment of preferential groundwater flow pathways in an underground mining

environment tends to enhance the effective flushing capacity of a given flow of groundwater

as water is flushed continuously along the established pathways. Because of the relatively

low rock/water ratio in an actively flushing preferential pathway area, there is an increased

flushing potential in the actively flowing areas relative to the more stagnant, portions of the

underground mine environment. In contrast, in the more stagnant portions of the

underground flow regime (the "dead-end" mine entries for example) there is appreciably less

movement of water passing the area, resulting in increased contact time of the stagnant water

with surrounding rocks and coals and a greatly diminished potential for the transport of

chemical reaction products away from the area.

In the professional experience of the author, it is not uncommon in Utah coal mines for

waters gravity flowing from sealed mining areas to have appreciably better water quality

characteristics (including lower iron concentrations) than do waters produced from relatively

stagnant sealed areas by aggressive pumping and drawing down of pool levels. This effect is

likely affributable primarily to the large differences in the rock/water ratios (See Mayo,

Petersen, and Kravits, 2000) and increased residence times that exist between relatively

stagnant, back-water portions of flooded mine workings and those portions of the flooded

mine workings where water flow is actively occurring. In a similar way, it is likely that

groundwater quality in those portions of the flooded Crandall Canyon Mine workings where

preferential flow pathways to the surface have been established and active water flow

conditions exist likely have improved water quality characteristics relative to the more

stagnant, isolated portions of the mine.

The Division is wrong to conclude that somewhat elevated sulfate concentrations in the mine

discharge water necessarily indicate that the rate of pyrite oxidation is not slowing. It is true

Investigation of lron Concentrations in the 7

Genwal Resourceso Inc., Crandall Canyon
Mine Discharse Water
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PErrnseru HypRoloGrc. LLC

that in some coal-mine geochemical regimes, the oxidation of pyrite is a dominant source of

sulfate in associated mine discharge waters (and indeed, such may be the case in the Crandall

Canyon Mine). However, it is not uncommon in coal mining environments that the

dissolution of the evaporate minerals such as gypsum (CaSO+ - 2HzO) or anhydrite (CaSOa)

can also be a major or principal source of sulfate in mine discharge waters. Locally in the

Wasatch Plateau and adjacent areas, dissolution of other mineral species including thenardite

(NazSO+), mirabilite (NazSO+. 10H2O), and epsomite (MgSO+.7HzO) may also be

important sources of sulfate in groundwater. In the Division's analysis they incorrectly

interpret Mayo, Petersen, and Kravits (2000) as stating that "most sulfate in minewater

discharge results from pyrite oxidation". The findings of that investigation were from a case

study of the Sufco Mine. In that study, while sulfide mineral oxidation was the primary

source of sulfate in some portions of that mine, in other locations it was probably less

significant than from the dissolution of gypsum or from other sources. The relative

contribution of pyrite dissolution to sulfate concentrations described in the Journal of

Hydrology paper was determined using site-specific solute and isotopic geochemical

modeling (including 6'o5 isotopic analysis). Indeed, as cited in the journal article,

"Dissolution of gypsum, both native and gypsum dust previously used as rock dust, is also a

significant contributor of SO+t-." Accordingly, it would not be correct to assume, as the

Division did, that the modest increases in the sulfate concentrations in the Crandall Canyon

Mine discharge water relative to surrounding groundwaters is wholly derived from pyrite

oxidation.

As indicated in our previous report (Petersen Hydrologic, 2010), groundwater that flooded a

large, sealed portion of the Skyline Mine (located about 1l miles north of the Crandall

Canyon Mine) did not result in sustained discharges of mine water with elevated iron

concentrations (see Figure 6 in Petersen Hydrologic (2010)). At the Skyline Mine location,

fault-related groundwater inflow sources flowed into the mine workings and subsequently

filled the sealed mining area by gravity flow. Upon reaching the elevation of the pumping

station by gravity flow, the mine water was then pumped to the surface. After peaking in

mid-2006, the iron concentrations in the mine discharge water declined gradually until

Investigation of lron Concentrations in the I
Genwal Resources, Inc., Crandall Canyon
Mine Discharge Water
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reaching non-detect levels in mid 2009 (a period of approximately 3 years). It is noteworthy

that this time frame is not inconsistent with the current trends in declining total iron

concentrations at the Crandall Canyon Mine. The fact that the peak total iron concentration

in the Skyline CS-14 discharge water was lower than that at the Crandall Canyon Mine may

be a result of the appreciably greater magnitude of the flows encountered at the Skyline Mine

location (several thousand gallons per minute at Skyline as compared to several hundred

gallons per minute at Genwal - which is reflective of a considerably different rock/water

ratio).

It is noteworthy that sulfate concentrations in the Crandall Canyon Mine discharge water

(which ranged from 156 to 185 mg/L during the first 6 months of 201l) are not elevated

relative to mine discharge waters from other Utah coal mines. Based on public information

available from surrounding coal mines (UDOGM,20ll), it is evident that sulfate

concentrations in mine discharge waters from surrounding coal mines that appreciably

exceed 200 mgil- with total iron concentrations well below 1.2 mg/L are common. Notably,

the sulfate concentration of mine water discharging from the Mohrland Portal (as monitored

bythe BearCanyon Mine from 1994 to 2010; UDOGM 2011) averaged 329 mg/L, while

total iron concentrations were consistently low (averaging less than 0.06 mgll and not

exceeding 0.10 mgfl-). Most importantly, it should be stressed that regardless of the

geochemical evolutionary pathway by which some of the sulfate in the Crandall Canyon

Mine is derived, it is readily apparent that the total iron concentrations in the mine discharge

water have declined appreciably in recent months (Figures I and 2) which is consistent with

our previous projections of future declining total iron concentrations. The Division is wrong

to conclude that iron concentrations have not declined and that the observed sulfate levels

confirm that conclusion.

The Division's emphasis on geochemical reactions to explain the total iron content of the

mine discharge is misplaced. The concentration of iron hydroxide particles in the mine

discharge water at the mine mouth is largely controlled by the fluid flow regime within the

mine, and not by the availability of chemical reactants or rates of reaction throughout the

Investigation of Iron Concentrations in the 9
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mine. The emergence of most of the iron in the discharge as solid iron hydroxide, rather than

as aqueous dissolved iron species, demonstrates that the sequence of geochemical reactions

discussed has largely reached its (irreversible) endpoint within the mine prior to discharge to

the mine mouth. While the chemical reactions discussed at length by the Division predict

that pyrite will dissolve upon contact with oxygenated water, and that a corresponding

amount of solid iron hydroxide will subsequently form, they cannot predict the concentration

of solid iron hydroxide in the discharge water.

The iron hydroxide particles emerge in the discharge because they are flushed from the mine

workings by flowing water. Accordingly, they are only flushed from those portions of the

flooded mine workings where the current velocify exceeds the settling velocity of the solid

particles. If oxygenated water has reached the remainder of the flooded workings, and if
pyrite is present, any iron dissolved and subsequently precipitated simply settles to the floor

and does not contribute to the amount of iron reaching the surface (assuming an ample

availabiliry of oxygen as the Division asserts).

The flushing mechanism is significant because it demonstrates that only those portions of the

flooded mine workings where the water current is strong enough to suspend iron hydroxide

particles will contribute to observed total iron levels in the discharge (assuming a complete

precipitation to ferric hydroxide in the presence of oxygenated water). Even if a large supply

of unreacted pyrite exists elsewhere in the flooded workings, dfly iron liberated by its

oxidation will not contribute to the observed iron discharge. Therefore, the Division's

(unsupported) assumption that large amounts of pyrite exist in the mine has little value in

predicting the extent and duration of iron-containing discharge at the mine mouth. It is more

reasonable to conclude that the discharge of iron will persist only until the available

precipitated iron has been flushed out of that portion of the mine where the current is swift

enough to keep the particles suspended in the flow.

The Division is wrong to conclude that the recent total iron data, and in particular the single

data point associated with a spike in total iron concentration observed on27 April 2011,

Investigation of Iron Concentrations in the
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provide a scientific basis for concluding that total iron concentrations are not declining in the

Crandall Canyon Mine discharge water. It is noteworthy that sharp, short-lived upward

spikes in the total iron concentrations in samples from the mine discharge water have

occurred periodically in the sampling history figure 2). However, downward spikes

(relative to a more constant lower base concentration) are only rarely observed. It is my

professional opinion that these upward spikes are likely a result of the inclusion of solid iron-

bearing particulates in the collected water samples which elevate the measured total iron

concentration above the current base (non-spike) level. This conclusion is supported by a

close examination of the iron concentration data associated with a total iron spike (6.68

mg/L) that occurred on 27 April 20ll (UDOGM, 201 I ). When the total iron concentration

was monitored only six days later (on 3 May 201l), the concentration was only 2.05 mg/L.

It seems exceedingly unlikely that the bulk chemical composition of the iron concentration of

the large volume of water held in the mine varied by more than 325% during that six day

period. Rather, it seems much more likely that the measured spike was affributable to the

inclusion of suspended iron hydroxide particulate matter in the collected water sample,

which could have originated from any of several possible sources. As shown on Figure 8, for

the Division to conclude that data from an anomalous single sampling event, which is

bracketed both prior to and after the anomalous event by relatively constant data with a much

lower total iron concentration from at least l2 monitoring events (22laboratory analyses)

over a time period ofjust 82 days does not seem justified.

To understand this condition, it should be remembered that the iron measured in a total iron

(or total recoverable iron) analysis includes two fractions. These include 1) the iron that is

present in the dissolved (filterable) form in the water, and 2) any additional iron that may be

included in the water sample, which can include solid, iron-bearing particulate matter. A

laboratory dissolved iron analysis measures the dissolved iron (ferrous and/or fenic ionic

species) in a water sample. The dissolved iron analysis is performed by first filtering the

water sample through a 0.45pm filter which removes any particles larger than 0.45pm

(which would include any suspended iron hydroxide particles present in the sample), leaving

only the dissolved ionic iron species in the water sample (note that the average dissolved iron

-.,,,:--Lr
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concentration in the Crandall Canyon Mine discharge water for the first six months of 20l l

is only 0.36 mg/I-).

By comparison, a total iron analysis is performed on a raw water sample that includes the

dissolved fraction plus any particulate maffer that may be present at the time of sampling.

Such matter could include dirt, rust particles from metal pipes, or suspended iron-hydroxide

precipitate which is pervasive throughout the Crandall Canyon Mine discharge piping,

treatment system, and sampling ports and apparatus. Prior to the performance of the total

iron analysis, the contents of the sample (water and any included particulate matter) are

digested under heat using a strong acid to convert solid iron-containing matter into ionic iron

species that are included in the analysis. Accordingly, any iron contained in the particulate

matter at the time of sampling is included in the total iron laboratory result.

As part of this investigation, we have specifically evaluated the 27 April201I total iron spike

in the Crandall Canyon Mine discharge pre-treatment water sample (Figure 2). On l8

October 2011 the mine discharge pre-treatment sampling site located at the Crandall Canyon

Mine iron treatment facilify was visited and inspected by the author. Information regarding

previous sampling procedures followed by Genwal and Division personnel during the

collection of pre-treatment water samples was reviewed with Genwal personnel (Personal

communication, Dana Marrelli, 201 l). During this visit, a sample of the raw mine water

(pre-treatment) was collected. In order to assure that as much particulate matter was flushed

from the sampling port as possible, an extended purging of the sampling port was performed

during this sampling event. For visual inspection of the progression and completeness of the

purge, new, unpreserved plastic bottles were filled with the purge water at approximately l5-

minute intervals. Sample containers filled with water from the first approximately 45

minutes of the purge wsre subsequently photographed (See Photograph Section of this

report). Upon visual inspection, it is immediately apparent that the bottle filled with water

after a purge period of approximately l5 minutes contained appreciably more suspended iron

hydroxide particulate matter than did the sample collected after 30 minutes of purging. After

approximately 45 minutes of purging, the collected sample contained visibly less iron
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particulate matter than did the sample collected after approximately 30 minutes of purging,

though the difference was less substantial than between the first fwo samples.

The significance of this observation is that it clearly suggests that iron hydroxide particulates

were being flushed from the sampling apparatus for at least the first Yzhour subsequent to the

opening of the sampling port valve. This condition is likely related to the design of the

sampling port, with the apparatus (which likely contains lots of "nooks and crannies"

associated with the valves and couplings) being suspended below the larger raw water feed

line. In other words, iron hydroxide particles can accumulate in this "sump" during the

extended periods of time the valve is left in the "off'position. Depending on the fluid

velocities, the degree of solidification or compaction of the particulate matter within the port,

and the amount of iron particulate that may have accumulated since the port was last purged,

it may require an appreciable amount of time for the particulate maffer to be completely

flushed from the sampling system. Additionally, it is possible that iron hydroxide particulate

matter may accumulate in some locations within the raw water feed pipes upstream of the

sampling port. While some particles may adhere to the inside of a pipe under the constant,

laminar flow conditions, when the fluid dynamics in the pipe are altered by the opening of

the sampling port valve (e.g. inducing turbulence) some of these particles may become

dislodged and flow into the sampling port. In the absence of any written protocol, Genwal

personnel have routinely collected samples of the pre-treatment water after a purge of only a

few to several minutes. It is apparent that in collecting their replicate samples of mine

discharge pre-treatment water, Division personnel likewise may not have allowed a sufficient

purge time before collecting their samples (Personal communication, Dana Marrelli, 201l).

It is interesting to note that, as indicated by Genwal personnel, it was generally the case that

when the replicate samples of the pre-treatment water were collected by Genwal and the

Division, the Division samples were typically collected after the Genwal sampling had been

completed. Whether the additional purge time that transpired between the collection of the

Genwal samples and the later collection of the Division samples contributed to the observed

uniformly lower total iron concentrations determined from the Division's samples is

unknown. However, it seems likely that during the 27 April201I replicate monitoring event,
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the purge state of the sampling port at the time of sampling was likely not complete and this

condition may have resulted in the iron spike determined at the laboratory. This conclusion

is based on the fact that the total iron samples from that date were collected perhaps a few

minutes apart. However, the total iron concentrations measured by Genwal and the Division

(6.68 mglL and 5.0 mg/L) vary by 1.68 mglL. The analytical laboratory utilized by Genwal

(SGS Minerals Services of Huntington, Utah) reports a detection limit of 0.05 rnglL for the

total iron analysis. Assuming similar accuracy in the total iron determination performed by

the Utah Unified State Laboratory, then it is follows that the total iron concentrations in the

two sample containers at the time of collection were not the same, and that the sample

collected by the Division after the collection of Genwal's sample contained less total iron.

This observation suggests the possibility that the samples collected on 27 April201I were

likely collected prior to the complete flushing of the sampling port apparatus. Accordingly,

the elevated iron concentrations measured on that date were likely associated with the

inclusion of an unrepresentative amount of iron hydroxide particulate matter flushing from

the sampling port, and not as a result of a spike in the total iron concentration in the Crandall

Canyon mine discharge water itself (in other words, this was likely a sampling error).

While we cannot determine with certainty the causes of all of the total iron spikes that have

occurred in the past, it is my professional opinion that the lack of an adequate purging of the

sampling port, raw mine water feed piping, or other portions of the sampling apparatus could

likely have been largely responsible for the observed spikes that have occurred while the

sampling apparatus has been operative in its current condition.

It should be noted that the since March 2010 total iron concentrations of the mine discharge

waters monitored at UPDES 002, which have undergone chemical treatment at the mine's

iron treatment facility, have been continuously below I mg/L and in compliance with the

UPDES permit requirements.

While it seems to be the position of the Division that extreme, unprecedented changes to the

groundwater regimes at the Crandall Canyon Mine occurred as a result of the August 2007
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"catastrophic mine collapse", we do not see evidence that such is the case. This conclusion

is based on the fact that:

1) The rate of discharge from the Crandall Canyon Mine at the commencement of

mine water gravity discharge is essentially the same as it was just prior to the 2007

collapse event, and the gradual decline in discharge rates that began in the early

2000s (Figures 4,5, and 6) continues, suggesting that interception of groundwater

from any potential newly-fractured overlying horizons resulting from the collapse has

not occurred. It is noteworthy that in down-hole videos of the emergency mine

rescue drill holes in the collapse area that were reviewed by the author, it was

apparent that the coal rubble present in the entryways likely originated primarily from

rib bursts, while the mine roof rock appeared to be largely intact. Observations of

video footage of the rock strata within the boreholes immediately overlying the coal

seam likewise did not appear to have been catastrophically impacted.

2) The Division cites an MSHA report2 indicating that the area of collapsed pillars

associated with the 2007 event is on the order of 40 acres, which is not dissimilar in

general scale to the size of a typical Crandall Canyon Mine longwall panel, and is

much smaller than the adjacent mining areas situated immediately to both the north

and south, which experienced years of longwall-related subsidence,

3) Four years of quarterly hydrologic monitoring data collected from springs and

streams overlying and surrounding the area of the collapse event have not shown any

pronounced changes in discharge rates, water quality characteristics, or any other

observable conditions that could be attributed to the 2007 collapse event (UDOGM,

201l).

' Genwal Resources, Inc. does not endorse the accuracy or the conclusions in the MSHA report referenced by

the Division.
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The Division indicates in its 7 June 2010 report that in the future "ths flow path of the mine-

water could be easily altered and previously non-exposed areas of pyritic material could

become inundated with mine water". Their conclusion is entirely speculative. While it is

possible that some additional subsidence of the overburden overlying the Crandall Canyon

Mine workings could occur in the future, the fact that now more than four years have

transpired without the occurrence of any major ground movement seems to minimize the

likelihood of such an occurrence in the future. Particularly, the potential for movement

within the mine workings of a magnitude that would cause a substantial change to the

topographic gradient of the mine floor, to the extent that previously dry mining areas would

become flooded, seems highly unlikely.

In the findings section of their 2 June 201I hydrologic evaluation update, the Division finds

that "The Crandall Canyon Mine has been discharging for approximately 14 years. There

has been no indication of diminution of flow, nor is there any indication that the flow will

diminish in the foreseeable future". This conclusion is incorrect. As plotted in Figure 4, it is

readily apparent that after peaking in the early 2000s, the mine discharge rate plot indicates a

downward trend beginning around 2004. This trend is more readily discernable in the 6-

month running average plot for mine discharge shown in Figure 5. Additionally, the yearly-

average mine discharge rates plotted in Figure 6 show an obvious generally declining trend,

and do not correlate with recent climatic trends. It is notable from Figure 6 that the average

yearly discharge rate for 201I (first 6 months) is less than half the average rate for 2001,

clearly demonstrating the declining trend in mine water discharge rates. Although a detailed

analysis of the reasons for the declining mine discharge water flow rates is beyond the scope

of this investigation, the observed declines are likely the result of two main factors. These

include l) with a decrease in the mining rate or a cessation of mining activities, the potential

for the underground interception and exposure of water-bearing features in the subsurface is

minimized or ceases, and 2) over time it is common for discharge rates from intercepted

underground water-bearing features in the Wasatch Plateau coal district to decline as the

contained water is gradually drained.

I${emnFiDtif i'
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Genwal Resources personnel indicate that recent increases in the mine discharge rate seem to

correlate with the passage of weather fronts or the onset of cold weather (Personal

communication, Dana Marrelli, 201l). It is important to note that these flow rate changes

occur even in the absence of any associated precipitation. This seems to suggest the

likelihood that the temporary increases in mine water discharge rate are associated with

barometric pressure effects acting on the underground mine pool. There is no indication that

the occasionally observed increases in flow are in any way tied to any potential nearly

immediate infiltration of precipitation waters into the underground mine workings.

Long-term iron discharges from coal mines in the Blackhawk Formation in Utah's Wasatch

Plateau mining district are not known to occur. In order to better understand whether the

coal seams of the Blackhawk Formation locally support sustained, long-term discharge of

groundwaters with elevated iron concentrations (as assumed by the Division), gravity

discharges from three abandoned coal mines were inspected and sampled as part of this

investigation. Gravity discharge of mine groundwater has occurred from each of the three

visited mines for many years. The discharge rates for these mines range from a few gallons

per minute at the Winter Quarters and Left Fork mines to several hundred gallons per minute

at the Mohrland Portal. Neither total nor dissolved iron concentrations at any of the three

mine discharges exceeded 0.05 mg/L (Table l). In other words, the iron concentrations in

these abandoned mine discharges are at least 24 times below a 1.2 mg/L UPDES limit.

While this information does not does not of itself indicate when discharge of groundwater

with elevated iron concentrations at the Crandall Canyon Mine will abate, it does strongly

support the conclusion that the geochemical regimes in these three surrounding lower

Blackhawk Formation coal mines do not support long-term discharges with elevated iron

concentrations.

5.0 Projections of Likely Future lron Concentrations

Prior to a discussion of potential future iron concentration trends at the Crandall Canyon

Mine, it is important to emphasize that because the mine workings are sealed, it is not
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possible to observe physical conditions within the Crandall Canyon Mine workings.

Consequently, our capability to fully characterize the underground hydrogeochemical regime

is limited. However, based on the existing data set and upon our previous professional

experience relating to iron geochemical behavior in underground mining environments, as

part of this investigation, we have provided projections of possible future trends in iron

concentrations in the Crandall Canyon Mine discharge water. It should be emphasized that

the projections provided here should not be considered to be absolute predictors of future

iron concentrations over time in the mine. Rather the plotted trends are provided to show

reasonably plausible future trends for future iron concentrations based on the existing data

and professional experience. Importantly, these trends are provided to illustrate the likely

magnitude of future trends (i.e., with concentrations likely declining to levels below 1.2

mg/L within in a few years, not decades). These trends are shown graphically on Figure 7.

The first projection shown on Figure 7 (in blue) shows a mathematically calculated statistical

linear regression of the pre-treatment data for the period 2l April 2010 through l8 October

201 l. The linear regression line (which essentially assumes that the recent total iron

concentration trends will continue into the future) intercepts the 1.2 mglL UPDES limit at

approximately mid-2012. This projection appears visually consistent with the existing

historical data assuming that the declining concentration limb of the recession curve is quasi-

symmetrical with the increasing limb of the curve.

It is likely that the future trend in the total iron concentration will follow an exponential

decay curve. Such a decay curve was observed previously in the Crandall Canyon Mine

discharge data for the total dissolved solids concentration of mine discharge water

subsequent to the onset of gravity drainage (See Figure 3 of the Petersen Hydrologic (2010)

report). A reasonably plausible exponential decay curve trend for total iron concentrations in

the Crandall Canyon Mine discharge water is shown in green on Figure 7. The plotted

exponential decay curve trend intersects the I .2 mg/L total iron concentration line at

approxim ately the end of 20 I 3. Again, it should be emphasized that this projection is

intended for use as a reasonable predictor of the order of future decline rates and is not
il
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intended as an absolute prediction of future concentrations. However, it should be noted that

because the most recent total iron concentration in the mine discharge water (2.15 mg/l-) is

only 0.95 mg/l- above the UPDES discharge limit, it would be difficult to draw a reasonable

hypothetical decay curve that would intersect the 1.2 mg/L line at a time significantly further

in the future than that plotted on Figure 7.

6.0 Conclusions

r It remains our opinion that the elevated iron concentrations observed in Crandall

Canyon Mine discharge waters are likely attributable to the oxidation of pyrite or

other sulfide minerals in flooded portions of the mine. While the minor dissolved

iron fraction of the total iron present in the mine discharge water is transported in the

aqueous solution, the more substantial iron hydroxide particulate fraction is

transported only where the water current is sufficient to flush the solid particles to the

discharge location.

r We are not aware of any special geologic conditions at the Crandall Canyon Mine

that would result in probable long-term elevated concentrations of total iron in the

mine discharge water. The fact that historic (pre-2007) total iron concentrations in

Crandall Canyon Mine discharge waters were consistently low, even though most of

the mine discharge water was historically collected from the mine floor after running

considerable distances through mine longwall gob areas and elsewhere over the mine

floor, does not suggest that there is any unusual iron-generating potential in the

Crandall Canyon Mine geochemical environment relative to other mines in the

region.

. An investigation of gravity mine-water discharges from three surrounding abandoned

coal mines suggests that long-term discharges with elevated iron concentrations from

the coal seams of the lower Blackhawk Formation will not occur.
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r It remains my professional opinion that the iron concentrations in the Crandall

Canyon Mine discharge water will likely continue to decline over time as the

necessary reactants are gradually consumed and flushed from actively flowing

portions of the flooded underground mine workings. It is also my professional

opinion that iron concentrations in the mine discharge water will likely not exceed the

UPDES limit of 1.2 mglL for a prolonged period of time.

r Based on the projections presented in Figure 7, it is apparent that the iron

concentrations in the Crandall Canyon Mine discharge water will likely drop below

1.2 mg/L within a reasonable timeframe, likely on the order of a few years (not

decades). Extrapolating a future exponential decay curve from recent trends, as

shown on Figure 7, this condition could occur perhaps by the end of 2013. In my

professional opinion, there is no reasonable potential for a "perpetual" discharge of

mine water with elevated total iron concentrations.

r E,levated sulfate concentrations do not necessarily evidence high rates of continuing

pyrite oxidation. In their 2 June 2011 findings, the Division indicates that "there is

no indication that the rate of pyrite oxidation is slowing". In the general sense, this

conclusion is not consistent with the total iron data that has been presented to the

Division, which clearly shows a declining iron concentration in mine water since

about early 2010. The Division apparently bases this conclusion largely on the

sulfate concentrations of the mine discharge water (which conclusions are based at

least in part on a flawed interpretation of the Mayo, Petersen, and Kravits (2000)

Journal of Hydrology article). Regardless of the geochemical evolutionary pathway

by which some of the sulfate in the Crandall Canyon Mine is derived, it is readily

apparent that the total iron concentrations in the mine discharge water have declined

appreciably in recent months, which is consistent with our previous projections of

future declining total iron concentrations.

-
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r Iron concentrations are declining toward compliance levels. We find no basis for the

Division's assertion in their 2 June 2011 finding that "iron concentrations have not

declined". This conclusion appears entirely inconsistent with the data plotted in

Figures 2 and 3. We vigorously disagree with this finding.

I There are no data to support an expectation of perpetual iron-containing discharge

from the Crandall Canyon Mine. The Division's 2 June 201I finding that "the

available data support the likelihood of a perpetual discharge of mine water

containing elevated concentrations of iron which will require treatment into the

foreseeable future" seems to ignore the current trends in total iron data as plotted in

Figures 2 and 3. We vigorously disagree with this finding.
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Analysis Report

March 07, 2011

PETERSEH I.TYDROLOGIC LLC
2695 NORTH 600 EAST
LEHI UT 84043

Page 1 of I

Client Samp{e lD:
Date Sampled:
Date Received:
Produd Description:

TESTS

ilETALS BY ICP

lron, Fe - Dissol'red

lron, Fe - Total

Snell & \Afilmer, LLP

Sep 23,2010
od 4,2010
WATER

Sample lD By:

Sample Taken At:

Sample Taken By:

Time Received:
Time Sampled:

METHOD

EPA 200.7

EPA 200.7

Petesen Hydrologic LLC
Mohrland Portal

E. Petersen

0730
1240

SGS tlinerals Sample lD: 782-11115854{X}2

RESULT UNTT

<0.03 mgA

0,05 mg/l-

REPORTIHG

LII'IT

0.030

0.050

AI{ALYZED

OATE TIME AiIALYST

2010-1S12 14:18:00 CM

2010-10-08 10:47:00 CM

INCfi[qFTRASED

FEB 0 1 2013

SGS North funerica lnc.

Domenic lbanez
Lab Supervisor

Minerals Services Division
2035 North Airport Road Hufltington t (435) 65$2311 f {435)-653*2436 r,rrunv.sgs.com/minerals

Tttbs doE{rlEnt is is,sred bf tt* cDnP',''y w&r r+s Gcrra€f Condif'ons of Servrbc a.ccssibb rl
tux*'/''riffc'ion fndji,rarda[ort issrtc (Fltned ttE.t9i,n.

Mombcr of thc SGS G.urp (Soda{a c+nefil; dc Sunidh|rcE}

tfrp:lkt*v.sg!-coE/b|7|'6*rrrd_coacfrioficrttr|. Alttanion ir d.'/wn lo tfic ffiSon d fr''tihy,

,{tr lsr., E.5cda b.d-.l r.r t|nnrrdd #,tut 16l', d.tFry. frtt a 
'.tr 

or B lrhruh,t d,t ad r$th a. ln|. d Chnt rttu, l.tt.
tuniL d n-ady t li b at'd d tb &ma rbt rd ru- rrja 5. ffi ali -.dr.t b. tffi et otffi.t d*h hrdr 6ard

'i ' r.. giv, of prt, Gas ti^ ii'llning

. ".,.'' J i
I .irir li t rnc rl-ir'trr'

7.t'6
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Analysis Report

March 07,2011

PETERSEH }IYDROLOGIC LLC
2695 NORTH 600 EAST
LEHI UT 84043

Cfient Sample lD:
Date Sampled:
Date Received:
Produd Description:

Snell& \Mlmer, LLP

Sep 17,2010
Ocd 4,2010
WATER

Sample lD By:

Sample Taken At:

Sample Taken By:

Time Received:

Time Sampled:

METHOD

EPA2frt.7
EPA2ffi.7

Petesen Hydrologic LLC
Winter Quarters Portal

E. Petersen

0730
1830

Page 1 of 1

At{ALlUED

TI}IE AHALYST

t4:18:00

10:47:00

SGS ltilnerals Sample lD: 782-1106854{101

REPORTIHG

UHTT DATETESTS

IIIETALS BY EP
lron, Fe - Dissdved

lron, Fe - Totd

RESULT U-iln

<0.03 mg/L

<0.05 mg/L
0.030

0.050

201S.|S12
201G1048

CM

CM

t[\iCCn:r (-r q aJED

$;EB 0 1 Z0l3

Div' of Oil' uis u Uiini;:E
!t

Itn'--* 
I 1 lr i.41 r.*a 1,t, .- -.

I.irh liuncrl'i.*rrr

SGS North America lnc

Domenic lbanez
Lab Supervisor

Minerals Services Division
2035 North Airport Road Huntington t (/+35) 653-2311 f {435}€53-2436 urtrrusgs.mm/minerals

ijLirtrof trc SGS Grq.p (Sodtrt6 G{n{rab dr SuNdll|ncr}

tb.b||ffa a d err *tN e b omr 6rdD c &*. Fr-t a &bt4.@t ,d-d&,n,futL alh+.r r dm b rn brsr ds|.
rd--r6rihr--r-h
,"ro|..cth ttffia a a''rla att,tunt&, q'a,'r, lrutl'.,'h ceF,'/t1n4. -rh h olb tur.Ib qdfr t ril' c o|.it aiErb|r, rar tL
C..Eta(afr-.dfDalaCl.d,El'*t,et|i',tbdr.ttrr.-!|bb.t6.alttr.r*rt.f*rfla.rt.ftrda.h,''&t.ffi,h
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PETERSEN HYDROLOGIC LLC
2695 NORTH 600 EAST
LEHI UT 84043

Client Sample lD:

Date Sampled:
Date Received:
Product Description:

SGS North America lnc.

Joes Valley Mine Spring
Oct 20,2010
Nov 18,2010
WATER

Domenic lbanez
Lab Superuisor

Minerals Services Division
2035 North Airport Roed Huntington t (435) 653-2311 f (435)€5+.2436 www.sgs.@m/minerals

Mcrnba of lhc SGS Gronp (Sod€tf c&ldr.le de Sunrcillarrcc)

tfrp.tlffirfi.q&cEfrlnE,'.r?6_e.rd_@n#JoDsrrtn Arlffin it dmrrn to frB li|fit titn o{ l*tMlny,

Analysis Repart

Page 1 of 1

SGS ltlinerals Sample lD: 782-1106855.001

Sample lD By:

Sample Taken At:
Sample Taken By:

Time Received:
Time Sampled:

I'IEIHOD

EPA 200.7

EPA 200.7

Petesen Hydrologic LLC
Joes Valley Mine Spring
E. Petersen
1720
1830

TESTS

METALS BY ICP

lron, Fe - Dissolved

lron, Fe - Total

RESI'LT UNIT

<0.03 mg/L

<0.05 rnglL

REFORTII{G

LF']T

0.030

0.050

AHALT?ED

DATF nHE AHAI-YST

201G11-23 15:45:00 CM

201G11-23 12:24:00 CM

ti{Cilq:irfiffi fD

'rEB il 1 2013

Div. al Oii, Gas & tr{inii'ig

\'\ .i I
- Ot''' *'- f \

L*lr li utrc rl' i*.i.rr'

Ttic dntmenl is isercd Ay Ae caogany uncbr Jts Baftrel cofifitJor's ot sdrvrce E@s3ihle €f
indrmificf;lhn frdllr'ftdcoon ir'|ror hfincd tl7p.,tfn.

^,t,.b 
ot ri..M h ahtd tb ttffio. ffi,m.Mh ardd. W. t ,b lrr.tb ffi olt dt.da ri. adr d Orrl. tut.,'', I rt.

W. d iordv l b h crt adw .b. tt- d elra r.ra. a. b'dr aqr.f,.er a n tffi.dt.ffir r-r nr tur.lbr da.rrr.
ftE
Altr



LsG$
Octbber 26, 2011

GEHWAL RESOURCES INC

794 "C" CANYON ROAD
EAST CARBON UT 84520

Client Sample lD:
Date Sampled:
Date Received:
Product Descriptionl

TESTS

Sulfate, SO4

Total Dissolved Solids

Chloride, Cl

Alkalinity, mg CaCO3/l- (pH 4.5)

Carbonate Alkalinity as CaCO3

Bicarbonate Alkalinity as CaCO3

METALS BY ICP

Calcium, Ca - Dissolved

lron, Fe - Dissolved

lron, Fe - Total

Magnesium, Mg - Dissolved

Potassium. K - Dissolved

Sodium, Na - Dissolved

SGS North America Inc

PRE OO2

Oct 18,2011
Oct 19, 2011

WATER

Dissolved Metals Field Filtered

I r'l

Domenic lbanez
Lab Supervisor

Minerals Services Division
2035 North Alrport Road Huntington UT 84528 t (435) 653-2311 f (435)-653-2436 wva,v.sgs-mm/minerals

2011-1G25 16:03:00 AL

2011-1G19 14:40:ffi CM

2011-1G25 16:03:00 AL

2011-1G20 09:00:00 AL

2011-1&20 09:00:00 AL

2011-1G20 09:00:00 AL

2011-1G20 15:16:00 AL

2011-1&20 15:16:00 AL

2011-1G26 15:20:00 AL

2011-10-20 15:16:00 AL

2011-1S20 15:16:00 AL

2011-10-20 15:16:00 AL

Page 1 of 1

AHALYZED

TIME ANALYST

' ' ', -', - ":

1 i-:i irrl'i;'J

Analysis Report

SGS Minerals Sample lD: 782-1110378-001

Sample lD By:

Sample Taken At:

Sample Taken By:

Time Received:

Time Sampled:
Mine:

METHOD

EPA 300.0

sM254&C

EPA 300.0

SM232&B

SM232GB

sM2320-B

EPA 200.7

EPA 200.7

EPA 200.7

EPA 200.7

EPA 200.7

EPA 200.7

Genwal Resources lnc.
PRE OO2

E.Peterson
1325
1645

I

REPORTIt-lG

LIM]T DATERES.ULT UNTT

157 mg/L

S06 mg/L

10 mg/L

381 mg/L
<5 mgfl-

381 mgfl-

96.86 mg/L

0.29 mg/l-

2.15 mg/l-

54.10 mgA

8.24 mg/L

33.44 mg/L

30
't

q

5

5

0.03

0.03

0.05

0.01

0.14

009

i:[H 0 1 2013

if,i i,

IAfs dodri.r?ant ,$ iss{.rsd by tl€ CffiFny undF t rts Genera, Conclitians of Servrbe atrassble
indcfinifrcation and iuirdiil'd'n isstfcs drfEd tier€in.

Mernbtr ot the SGS Group (Socj+lC Ganerde dc Surveillanca)

at http,terw.sgs.d.'I]tlenrts-ed*@nditions-htm. Altenlotr E drewn lo the liftihtiul ol liahility,

A!r! 
'.b..r 

o* &nl b dtid 61 inlqnai.n @raittd ttM rk! t oon?.rt! trrdrtr .,,tr. tE .t lts il|tmlb,, qtt.dt uu*, tE ttl. o, cbtt iit't,/''a t rtt
C@i/. * irrr.Ogly i. rb E Cr.Dt .tn t- ttund t''. ,td d.rrlfi 4,fr. L . t*da na dnfrm t ,* tt'r'6 .4t Mt .. rA. tn. tMrrc&n .!smt
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Utah American

Crandall Canyon Mine

Toxicity Identification Evaluation- 1 0/03/20 1 1

Phase I Toxicity Characterization

By: \ilater & Environmental Testing, Inc

November 26&, 20ll
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Table of Contents

TIE Phase I Summary Report

TIE Phase I Executive Summary
Tahle l- Phas€ I Toxicity Characterization

Accelerated Test #3 l0/3l20ll

Chronic Fathead Minnow (l dilution) Passed

Chronic Ceriodaphnia (5 dilution) Failed

Phase I Testing

Baseline Test
Filtration Test
Aeration Test
C-18 column
PH 6.0
PH 7.0
EDTA 3.0 mg/L
EDTA 8.0 mg/L
Thiosulfate l0 mg/L
Thiosulfate 25 melL

Sample Chemistries

Quality Control Charts

Fathead Minnow LC50
Fathead Minnow IC25

Ceriod4phnia dubia LC50
Ceriodaphnia dubia lC25

Chain of Custody
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Ilater Environmentil Tes'ting I'/'e. 235 l{est 100 South, American Fork, Utah 84003 (801) 763-0660 FAX (801) 763 04440

November 20'h, 201 1

Dana Monelli
Crandall Canyon Mine
194 North 100 West
Huntinglon, utah 84528

Executive Summary

Included in the executive summary are the higtrlights of the Phase I testing completed on the samples
collected starting l0/03/201l. Actual copies of each test and the associated data reduction have been
included in the data section of this report.

Background Information

The initial failure for the Crandall Canyon Mine occurred during routine quarterly testing for the

second quarter dated June 7, 201l. In this round of testing the Fathead Minnow test passed and the

Ceriodaphnia test failed reproduction with an IC25 of I I .23%. The first accelerated test u as

conducted June 28,2A1l, using Ceriodaphnia with an IC25 of 7.42a,s for the standard conditions and
14.67% for a COZ atmosphere test.

The water from the mine is treated after exiting the mine, before being discharged. To identity the
source of the toxicity, a sample was collected prior to treatment and one post treatment and analyzed
for chronic toxicity using Ceriodaphnia. The results of these two tests showed that the toxiciq' was
being introduced in the teatment process. Ferric chloride was being added to help precipitate iron
and solids to meet the discharge permit.

Following this round of testing the chemical used for treatment was changed to aluminum sulfate.
which had been used previously. Accelerated test #2 was collected September 1, ?01 I and again
tested using both Fathead Mirurows and Ceriodaphnia. Enough sample was collected at this time to
complete a Toxicity Identification Evaluation (TIE) should measurable toxicity be found. The
Fathead Mirurow test passed and the Ceriodaphnia test failed with an IC25 of 28.09%. The increase
in the IC25 from the previous tests suggested that the change in chemical was helping the siruation.
ln preparation for the TIE the Ceriodaphnia test was repeated to ensure that the toxicity was still
present in the sample. This retest conducted on September 10, 2011 showed no measurable toxicity
and without toxicity it is impossible to get beneficial data from a TIE.

A second TIE sample was collected October 3, 201l. This time the sample was collected in bladders
to minimize the sample's contact with oxygen and extend the "shelf life" of the sample. Againthe

i'**ffi il i 2013

i'r



initial testing for this sample included testing with both Fathead Minnows and Ceriodaphnia. The

Fathead Minnow test passed and the Ceriodaphnia test failed with an IC25 of 34.00 o. A TIE u'as

initiated on October l1 ,2011 using this sample but due to poor quality food did not produce useable

results. A second TIE test, using the same sample, was initiated on October 26,2011. This round of
testing showed that while there was less toxicity than in the initial test for this sample. there uas still
enough to give some useable results.

Summary Phase I Testing

Results of the Phase I Toxicity Characterization are shown in Table l. The dilution series for this
phase of the testing was set at25,50, and 100% with the number of replicates reduced from 10 to 6
as directed in the TIE guidance documents to conserve sample.

of Phase I Test Results l0l7l20tl
Test ID Result IC25 TUc

Initial Test 34.0% 2.94

Baseline 56.54/o r.77

Aerated 46.41o/o 2.r5

Filtered 86. l s% 1.16

c-I8 18.8% 5.3

C-18 Eluate *

PH6 61.76 r.62

PH7 >100% I

EDTA 3 mg/L >100% I

EDTA 8 mdl, >100% I

Thiosulfate l0 mg/L 43.3r% 2.30

ThiosulfateZl mglL 68. I s% t.47
TUc- Toxicity Unit for chronic tests.

* Test was not run as no toxicity was removed from in the C- 18 test.

Conclusions from Phase I Testing

When reviewing Phase I data, the guidance documents recommend starting with the strongest
indicators but include all significant tests when characterizing the toxicant. The data in Table l.
show the strongest indicators to be both EDTA test, the ph7 test and to a lessor extent the filtered
test. The EDTA test suggest the toxicant to be a metal. The pH 7 test suugests a metals which

, i:lii {l ', l$13



becomes less toxic at lower pH. The 100% concentration of the pH 7 test stayed a range berueen 7.3
and 8.2 while the range for the baseline test stayed between 8.0 and 8.4. A reduction of toxicity
associated with a change in pH suggest a metal which is more toxic at higher pH such as nickel or
zinc. The filtered test collected a small amount of fine light brown pou'der on the filter collected on
the filter. Some of the toxicant could be contained in the solids collected.

Failure of the other tests to reduce toxicity suggest that the toxicant is not an oxidizer such as
chlorine, bromine or ozone. Also most likely not a non-polar organic and a reduced suspicion that it
results from a surfactant or other sublateable compound nor one that can be oxidized through
aeration.

An observation made in several of the Phase I tests was that in higher dilutions there \A'as some
formation of visible solids on the surface of the solutions and formation of gdt on the sides and
bottom of the test charnbers. This would suggest that the sample is still chemically actir.e or
"unstable"and the changing environment could be contributing stress to the organisms. Stress can
cause reduced reproduction and if high enough can cause mortality.

Recommended Phase II Testing

Samples have been submitted to Chemtech-Ford foranalysis of total (15) and dissolved metals (4).
This data will be reviewed to see if any single metals is over the expected toxic limits. Combined
concentrations will also be considered. These values will be used to create mock effluents in an
effort to recreate the toxicity in the original sample. The dried solids remaining on the filtered could
also be analyzed for metals to determine which are prevalent in the retained solids.

The potential for stability and formation of solids could be checked by measuring the TSS of the
sample then passing the sample thought a finer filter than the one used in the original test to see if
additional toxicity is removed. The potential for calcium carbonate solids to precipitate out of
solution can be removed by raising the pH of the sample over pH I I and letting the solids form and
settle thenpouring offthe supemate. The pH of the supernate is then retumed to the original pH
before using organisms to test for toxicity. This procedure can also remove some metals from
solution.

While we finish up the phase II testing I suggest we proceed with the routine test for the fourrh
quarter and continue to collect extra sample to have on-hand in the event of another failure-

If you have any questions or need any additional information please feel free to give rne a call at 801-
763-0660, or on my cell phone at 801-360-5439.

Sincerely,

HF",,4**7)t/Lee Rawlings
Laboratory Director
Water & Environmental Testing, Inc

-,..r
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Crandall Canyon Mine
Reprod uction average you ng/ad ult

Sample date 10/3|IOLI

Control 2596

InitialTest

Baseline #2

Aerated #2

Filtered #2

c-18 #2

PH6 #2

PH7 #2

EDTA 3 f2
EDTA 8 #2
Thiosulfute 10 #2

Thiosulfate 25 #2

Eluate

16.1

16.8

16

T7

21

27

25.3

21.5

18.2

15.7

13.5

16.0

25

18.8

24.3

13.2

32.2

28.2

23.3

23.78

r5
11.8

9.1

17.3

L?..2

21.3

14.8

24.5

25

L7.2

24.5

10.8

t2.2

0.5

4.7
12.5

13.7

6.8

L4.7

2L

19.8

t7.7
3.3

6.8

rc25

34.0

56.5

45.41

86.ls
18.8

61.76
>100

>100

>100

43.31
58.15

2.94

1.77

2.15

1.16

5.3

1.6?

1

1

1

2.3

t.47

No Toxicity removed with G18. Test not analyzed

TUc- Toxicity Unit for a chronic test.

tNilc';nilli PJED

t-ES 0 1 2ot3
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Chronic Cover Letter

October 28, 201I

Utah Amcrican- Crandall Canyon Mine (Acceleratcd Test #3)
Attn: Dana Morrelli
194 Nofih 100 Wcst
Huntington, Utah &4528

IharDma

Enclosed is the rtport for thc sample daled I 0/0320 I t. The laborrtory Id assigned to rhese sample(s) arc #8490. The
sample was tcsEd for chronic toxicity using Fathead Minnows following the procedures lised in EPA I fi)0.0. This
report is comprised of I I pages which furclude;

Cover Leuer,
Chmnic Whole Effluelrt Toxicity R€ports Fchead Minnows,
Cbmnic Whole Eftlucnt Toxicity Testing Data Firhead Mirnont,
Cbmnic Whole Effluent Toxicity Chemical Rcporg
Data Reduction Fathead Minnows (Ioxis Analysis Summary, 2 pages survival and growrh)
Refercnce Toxicant Charts, Fathead Minaows (2 pagcs Sunrival-LC50 and Growth-IC25)
Completed Copies ofthe Chain ofCusodics (3).

Our rcports havc bccn d€signcd to mect rcqufuerrrcnrs ofNationat Envimnmental Accr€ditation Program. (NELAP).
section 5. I 3. AII tbese pages l4eiicr constifirte the final report, individual pages should not bc rernoved. Ifcopied-
the rcport must bc rcconstructed in full. Ifyou have not rcceived any ofthese pages or if 1ou have any quesiions
please give us a call at 801-7534660. we look fornmd to doing business with you in the future.

Sincercln

Lee Rawlings
Lab Director

QA/QC Flags: None

Comments:
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U@ Chronic lVhole Ellluent Toxicitv Renort
@ Fdt odWinnows

S 
DATE: October28.20l I

S PEnMrTEE NAME Utah Ancricap Cnndall Crnyur Minc (Accclered Tcsr #3)

@ TEST (Anlna!/Age): Fdrcad Minnws €4 hdnl: SANIPLE @aaType): t0r03/20t I Composirc

I DATE/TIME TEST SEGAN: 10/04/201 l 3:(t0 p.nr DATVTTME TEST COMPLETED: lO I t.20t I 5:00 p.m.

@

@@ filffii#lt"nHil#ff[T*f.l'j:51"'#Hl;il"1ffi:'iijl,:1fi11]ff1;1",1!*tr11ilJffJ,T
@ Toxicity was prcscnt in drc samplm-

# | *nin

@ | Numl

ffi l:::& |fiil;
I lwate
s f reml

ilffis
@ suro{ARYg
b 

RBrltr: X PaBs Fail

&
E 

Thert ws NO s@ificmt cftcr on growrh. (Rcsuls of Wilcocon Twssanplc T6r)

s
6 

Thctr *Lr NO significet cffect ofsurvivrl. (Rcsults ofwiboson Trvt-Sdnptc TGst)

s
I Enclosed arc data shees and strtislicat rcporls.

R sirrccrcty,

H /hed/,"q)
; TJhcRwtlings[,? Z t-rboratory Direc-tor

I Enclosure

ia 'Til',",-ff"
@
g Page2of ll

Animal Age et Test Start
Number of Organisms/Dilution Volume/Replicates
Foo'd

Acration
Dlssolved Orygcn
Water Replrcement

Tempcruturc

Photo Period
pH

Dilution Water
Rcceiving Wrter

24 hours.

l0 orga,nismsE00 mli6 replicates

Fed nrice daily 0-l rnl of newly hatched Brine Shrimp.

None required.

Measured Daily old/new.

Renewed daily.

25+ldegreeC.
l6 houn light I hours dark.

Measured initially and u 24 houn for each sample.

Reconstituted lab water approx 200 mg/L.

None Supplied



Chronic Whole Effiuent Toxicity Testing
Fathead Minnows

V PERMITTEI NAME: Utah American- Crandall Canyon Mine (Accelerated Test #3)

Finel Mean Weight: Control 0.57 Effluent 0.59 Pass X Fail_

Percent Lethality: Control 3.3Vo Effluent 0.0% Pass X Fail _

Sample Type / Times and Dates

No. I 10/03/201I 9:30 p.m.

No.2
No.3

Control = 0o/o Effluent Eflluent Sample = 70o/o Effluent

Analyses: Times and Dates

Beginning l0 03 201 I 3:00 pm

Ending l0 ll20ll 6:00.pm
Initial Organism Age <2{ hours

Hardness: Reconstiruted Water l'if used) 200 me/L

FATHEAD MTNNOWS
Replicates

Numher of Organ isrns/Percent Survival Mean Weight after 7 days (lllilligrams)

ABCDEFSample

Control l0/1007o lOi 100% 9190% 9/90oo 10/1009'; l0 100oo 0.57 0.54 0.56 0"57 0.61 0.57

Effluent 10/100% l0/1009'0 101100-qb l0,l00oo l0i l00oib l0 100oo 0.60 0.60 0.62 0.58 0.60 0.56

Old/New Day 0 Day I Day 2 Day 3 Day 4 Da1 5 Da1 6 Day 7

Physical Data - Control

Dissolved Oxygen 7.0 7.2i6.4 7.t 6.2 7.3 6.9 7.6 5.7 7.7 4.5 7.4 6.1 5.7

Temperafure ('C) 2s.0 25.0,'24.0 25.0'24.0 25.0,',24.0 25.0 24.4 25.0 24.8 25.0 24.0 24.0

H(S

Old/Trlew

8.45 8.44i8.27 8.37 8.20 8.10 8.04 8.22 7.93 8.33 7.82 8.50 8.06 7.84

Physical Data - Eflluent

Day 0 Day I Day 2 Day 3 Day 4 Day 5 Day 6 Day 7

Dissolved Oxygen 8.3 7.7'6.6 8.0,6.0 8.5 6.7 8.4 4.5 9.2 s.s 8.6 6.2 5.4

Temperature ("C) 25.0 2s.0/24.0 25.0t24.0 25.0t24.0 25.0 24.4 25.0'24.8 25.0 24.0 24.0

H (SU

Hardnesst

7 .71 7.70/7.81 7.63/8.29 7.60/8. | 7 7.68 8.06

472 mgll- NA rng/L

7.70'8.12 7.62 8.t2

NA mg/L

nt is received in the lab.

Lahoratory Director: Lee Rawlinss Laboratory: Water & Environmental Testing. Inc.

Signature:

Comments:

Page3of 1l

Date: ip Ao /r,
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Chronic \ilhole Effluent Toxicity Chemical Result Report

October 28, 2011

CUSTOMER NA]VTE:
Utah American- Crandall Canyon Mine (Accelerated Test #3)
Attn: Dana Monelli
194 North 100 TVest

Huntington, Utah 84528

SAMPLf, I}ESCRIPTION:
Chemisries to eo with Chronic

Repl. I Repl.2 Repl.3

8490 NA NA

Toal Hardncss, Recon (EPA 130.2), mg&

Toal Hardness, Effluent (EPA 130.2), mg/L

Ammonia, Efrluent (EPA 350.2R50.3), mg/L

Initial Chlorine Residual (EPA 330.5), mg/L

Final Chlorine Residual (EPA 330.5), rngtl-

Conductivity, Effluent (EPA 120.1), urnho#cm

Alkalinity, Effluent (EPA 3 | 0. | ), mg[L CaCOt

Recon Initial pH (EPA 150.1)

After 24 hours pH (EPA 150.1)

100% Initial pH BPA 150.1)

10fl/o After 24 hours uH (EPA 150

*hw
@

@

@

&
&
&
@

@

@
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ffi
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s
I-Irmffi-tis.

@

&

t76

472

0.43

<0.05

N/A

970

3E2

8.45

t.27

7.71

7.81

Water & Environmental Testinl

r*c*il;-lTorr-n
FLS 0 1 2013

Dr*'r" a'i U;\' tl"s $ t'l'ii-i;i:;

: Lee Rawlings, tab Director
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Larval Fish Growth and
DeE: 10t4le011 1 est lD: GWl0-11c 0-11 chronic fathead

End Dale: 10/11f2011 18:00
Sample Date:
Comments:

Lab lD: \{tET lnc Sample Type: EFF2-lndustrial
PP-Pimephales promelasProtocol: EPAF 94-EPA/800/+91/002 Test Species:

Conc.fl23ato
100 1.qD0 t.qxxl l.qxD 1.00@ t.qno Lqm

Transform: Afcein Square Root Rank
Hean H-Mean Sum

1-Tailed
Critical

DControl
100

0.9667
1.00t10

1.0000 1.3577 1.2490 1.4120 G.199 6
1.0345 1.4120 1.4120 1.4120 0.m0 6 45.00 28.m

tutdlhry T..tr

Treatments vs D-Control

of variance cannot be confirmed

Tw+Sample Test

Dom-Responee Plot

INCC'nF'C;'i 
fti{lD

-EF&.gl,tot'

Div' at 0i1' Ga; $' tfi\n'r'J

1

0.9

0-8

_ 0.7
a
E o.e
tr
d o.s
h
E o-r
* 

0.3

0.2

0.1

0

ffi

-'
W
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ffi
ffi
@
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ffi
ffi
ffi
ffi
w
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End Date: 1011'1i2A1118:00 Lab lD: WET Inc
Sample Date:
Comments:

Sample Type: EFF2-lndustrial
Protocol: EPAFg+EPA/6o0/+91r002 TestSpecies: Pp-pimephalespromelas

C -f12!
.i

100 0.5950 0.5980 0.615{t 0.5830 0.6020 0.5550

Rank f -Tailedconc-lt xcn l{cen ieffi Sum crftic.l

too 0.5813 1.037 0.5013 0.5560 0.6150 3..183 6 /A.OO 2E.q'

Kurt
1 151

F-Test indicates variances (p = 0.

wil@xon Two-Sample Test
Treatments ns D-Control

0.
1.34106

differences

0.64

0.62

0.6

?
E 0.58,
eo 0.56
hilo o.s+
F

0.52

0.5

0.48

q*p
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@
@ Chronic Cover Letter
C
6 0ctober28,20ll

I Utab Amcrican- Crudall Carryon Mine (Acceleratcd Test #3)
O Attn: Dana Morrelli

CI l94North lfi)West

A HuntingtoD,UtshS452S

@ Dear Drna
e
8 Encloscd is the rcport for thc samplc dared nn3nOll.ltc labontory Id assigrrcd to thcse samplc(s) are #8490.

O The sample was tested for chtnic oxicity using Ccriodaphnia dubia following the procrdurcs listed in EPA

@ 
1002.0. This rcport is comprised of I I pages which include;

@ Cover Letter,

I Chronic Whole Efrluent Toxicity Reports Dara Ccrioclaphnia dubia,

6 Chronic Whole Efluent Toxicity Testing Dao Ccriodaphnia dubia.

: Chronic Whole Efluent Toxicity Cberricat Report,
t Data Reduction Ceriodaphnia dubia (Ioxis Analysis Summary, 2 pages survival and gouth)
I Reference Toxicad Charts, Caiodaphnia dubia (2 pages Survival-LC50 and Growth-IC25)

W Complaed Copies ofthe Cbain ofCusrodies (3).

: The rrort represented here along with the report format have been designed to me€t r€quir€ments ofNational
o Envimnncntal Accrcditaim Prognm, (NELAP), sccrtion 5.13. All these pages rqgetfrr constitutc the final
O rqort, individual pages sbould not bc nmoved. If copied, the report musrU" tecotrslrucrcd in full. If you have

O not rcceived any ofthese pages, or ifyou have any questions please give us a call at 801-763-0660. We look

g forwad to doing busiuess with you in the fufirc.

S Sincereln

I
P -.h<^*4'
I ,4a,?awlinls
D ll^voiror,'-

FEB s 1 zo13

Div. oi fr;i' L':" ':r 
'lilir -- I'

QA/QC Flags:

Comments:

None
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a Vttu & t,/vtro,/r''l''|f,l T&ts Inc. 235 ly& ,m W. Affiw For*. Ihth &tN| 100D76346@ Fotnh 76t4110

r Chronic Whole Efrluent Toxicity ReportO Ccrtodrphnir
a DATE: octohr 28. 2ol I

? PERSIITTEE NAME: Uab Amcriwr- Cradall Clnl,on Minc (Acccl€nred Test #3)

o
e TEslr (AnltlruAgc): ccriodaphmir dubh <8 houn SAMpLE @rtdrypc): t0/03/20t I Grab

o DATEJTIME TEIIT BEGAN: lO{XDOl I 3:00 p.m. ITATE/T|ME TEST GOMpLETED: l0/r?20t I 6:00 p.m.

o
t Ceriodduis dubit Eonrtrs nicrc oEoccd to rtilucd cfilucnt I spccificd by EPA | 002.0. Ar dtc ad of rhe

|b rcstpcriod Survivel and Rrproductid wcrc nc.surcd rnd compolld st inicatly rg'hn s conuol to dctcrminc
: if Cllronic Tuicity wr.i prercm fu thc :anpts*
&
ffi
&
.shw
@

@

ffi

@

B
s
&
s
&
@

&
@ There WAS significant effect on survival. (Fisher's Exact Test)

NOEC (Survival) = Jg

Animrl Age rt Trst $tart | <B hours.

Number of Organisms/Ililution Volume/Replicates I I organism/|5 mli l0 replicates.

Food I fcO daily 0.t ml yTC urd Algae.
Aeretion I None required.
Di$$ohed Oxygen J n{easurca daily old/new.
Water Rephcement I Renewed daily.
Tempereturc lZs+ldegreeC.
Photo Period I le nours light s hours dark.
pH I UeasurtO initially and at 24 hours for each sample-
Dilution \Ueter I Reconstimed lab water approx 100 mg/L hardness.

Rcceiving Wrter I None Received

.75. l00o'o

suMrr{ARY

Results: Pass X Fail

There WAS significant effect on reproduction. (Results of Dunnett's Test)

NOEC {Reproduction} = 25

LOEC (Reproduction) = 50

IC25 required by NPDES permit : 65.50'o

IC25 estimated from test data:34.01q'o

@

s
I LOEC (Survival) = 75

& Enclosed are data sheets and statistical reports.
ffi; ,*or##d"_,.r
ffiffiF ,{ I-ab Director-n Enclosurc
-I
w

@

D

tt'iCfi'::i'i; 
r--' nf il'D

FLs $ 1 2013
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W.E.T. rnc.
,yrLr l&. Entimnmcnttl Taline Inc. 235 ly6t 4N Soath. Amatcu Fort. Unh tllD3 n0t )763-1M60 Faxft0 I )763-0110

Chronic Toxicity Testing
Ceriodaphnia

Curtomcr ID: Utah American- Crandall Canyor Minc (Accelcrated Tesr #3)

Mcrn No. Produc.d: Control l6L 12.5';o 19.9 25.V/o !@ 50.e/o gl 75.eo f.[ l0(Fo Q.! Pass _ Fail lL
Pcrcctrt Lethdity: Control P/o 12.59o0'6 25.0o/ov o SO.V/oOo/o 75.0oo4Qg l00pn l0eo Pass _ Fail X

Sample Type/Date: 10/032Q1I 2:00 p.m. Analyses Dates/Times Beginning l0 04 201 | 3:00 p.m.

Ending l0 12 201I 6:00 p.m.

Dilution Water Hardnessl Provo River Water Approx. 200 mp/L. Organism Tvpe/Ase: Ceriodaohnia dubia <8 hours

CERIODAPHNIA
Total Number of Young Produced in Three Broods ('rDr' = dead)

Sample

Replicates

EFG Mean r Produced

16. It7l9n21 13Control

12.5 t7t4l7 2l 19 23 2723 l5 | 9.9

25.0 t2l9t2t7ll l8 l8 r8 16.0

9.1lll0r0 l5 t250.0

75.0 OD 2.8OD

r00 0.5ID OD OD OD 4D OD OD OD OD

Max/Min Control

Concentrrtion (mg/L)

12.5 25.0 50.0 75.0 100

Dissolved Oxygen 8.0'6.7 8.5'6.7 8.6'6.7 8.7'6.9 9.2 7.0 9.3 7.1

Temperarure ("C) 25.2n4.O 25.2n4.0 25.2124.0 25.2!24.0 25.2'24.0 25.2 24.0

8.56/8.09 8.59/7.98 8.66t7.90 8.67',l.75 8.58',7.64 8.49 7.61

Dilution Weter (Average) Hardness: 212 meJL Alkalinity: 166 me/L Conductivity: 450 umhos cm

Laboratory Director: Lee Rawlinss Laboratory: Wster & Environmental Testing, lnc

Signature:

Comments:

*d,4 Date: ia /sr/'

e 1l:i} il 1 2013

Page3of ll



Ceri nia Survivaland
Start Date: 1 1 15:00 Test lD: 1&11c

uction Test-7 Survival

End Date: fil1AZM1 18:00 Lab lD:
Sample Date: Protocot:
Comments:

WET lnc
E PAF 9+EPA/600/+9 1 /002

GW 10-11 chronic cero
EFF2-lndustrial
CD-Ceriodaphnia dubia

Sample Type:
Test Species:

56f8910

12 1.0000 1.0000 1.0fi)0 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
25 1.0000 1 .0000 1 .0000 1.0000 1 .0000 1.0000 1 .0000 1 .0000 1.0000 1 .0000
50 10000 1.0000 1.0000 1.0000 1.0CI00 1.0000 1.00m 1.0000 1.0000 1.0000
75 1 .0000 1.0000 0.0000 0.0000 1 .0000 1 .0000 0.0000 1 .0000 1.0000 0.0000

100 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Conc-% Mean
D

N-Mean Res Total N Exact P Critical Number
10
10
10
10
10
10

0

0
0
0
4
10

12
25
s0

*75

100

1.0000
1.0000
1.0000
1.0000
0.6000
0.0000

1.0000
1.0000
1.0000
1.0000
0.6000
0.0000

1.0000
1.0000
1,0000
0.0433

0.0500
0.0500
0.CIso0
0.0500

10
10
10
10

6
0

10
10
10
10
10
10

10
10
10
10
10
10

0
0
0
0
4

10

Test 11-tai
Fishe/s Exact Test
Treatments vs D-Control

NOEC
50

chv
1.2372

Trim Level EC50 9s% cL
0.0%
5.0%

10.0%
20.0%

Auto4.0o/o

67.716 83.
75.874
76.354
77.295
75.392

67.291 85.553
66.540 87.617
63.481 94.115
67.716 83.938

s 0,6
tr
g05

Eoo

1.0

0.9

0.8

0.7

0.3

o.2

0.1

0.0

I'--
U

,r

1

0.s

E 0.8

:07
E o.s
,i o.s

a0.4o 0.3
F 0.a

0.1

0

.,'rt fl 't 't$13
.,-';"',''! U
i b8'
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Start Date:
End Date:
Sample Date:
Comments:

1Ot4t2O11 15:00
10fiU2011 18:00

Test lD:
Lab lD:
Protocol:

Sulival and uction Test
1Sl 1c

WET lnc

ction
GW 10-11 chronic cero
EFF2-lndustrial
CD-Ceriodaphnia dubia

Sample Type:
Test Species:I EPAF 9+ EPA/600/+9 1 /002

Conc-% 5 6 7 I I 105m---
12 23.W 17.0m 14.000 17.000 21.0@ 19.qD 23.@0 23.000 27.000 15.0q,25 1i.000 27.000 17.000 8.000 18.000 18.000 1E.000 12.000 19.ooo 12.ooo
50 10.mo 7.(Xx, 10.000 15.qD 12.000 4.000 8.000 11.ooo 8.ooo 6.qro75 8.000 6.0(x) 0.m0 0.(x)0 4.000 4.000 0.(x)0 3.ooo 3.000 o.0oo100 0.000 0.000 0.000 0.000 0.q)0 0.000 0.(n0 0.000 o.o(X) o.ooo

Transform : U ntransformed 1-Tailed lsotonic
Conc-% Hean -Mem Mffi t€t t Cridc.l msD .en N-{seen

12 19.9fi) 1.2360 19.900 14.000 27.mo 20.982 10 -1.9@. 2.2t23 4.442 t8.mo l.OmO25 16.000 0.9S38 16.000 8.000 27.000 33.650 10 O.O5o 2.223 4.442 16.000 0.8889.50 s.100 0.5652 9.100 4.000 15.@o 3.+.92,f 10 3.508 2.223 4.442 g.tOO 0.5056
'75 2.8q) 0.1739 2.800 0.000 8.mo 100.734 10 6.8s6 2.22i3 1.142 2.800 0.1556100 0.000 0.0000 0.000 0,000 0.000 0.000 10 0.000 0.0000

liary Tests
Shapiro-Wilk's Test indicates normal (p'o.os)

Statistic
o.s80g8
6.81316

Gritical
0.94

Skew Kurt
0. -0.1579

Bartletfs Test indicates equal variances (p = 0.1
Test {1'tail, NOEC

Dunnett's Test 25
chv hlSDuTU

4 4.4tr.247 0.27593

13.2767
MSB [iSE F-Prob

19.9622 1.9E-10 4,45
Treatments vs D-Control

Linear Interpolation
95% CL Skew

Resamples)
Point Ya SD

lc10
rc15
rc20
tc25
lc40
rc50

17.850
23.700
27.536
30.797
34.0s8
43.841
50.397

5_268
5.111
5.014
5.005
4-951
4.174
3.536

27.848
15.s20 30.696
17.975 33.718
19_968 37.030
22.050 40.310
35.636 51.753
43.657 57.706

0.0595
-0 1458
-0.3007
-0.4936
-0,4197
-0.0163

1.0

0.8

0.7

0.6

fr 0'5

E 0'4

* o.s

# oz
0.1

0.0

4.1
-0.2

-0.3

50 150

Dose %

[\ I 2t113
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10-11 chronic cero
EFF2-lndustrial
CD4eriodaphnia dubia

est lD: GW10-1lc
10l1?fr1411 18:00 Lab lD: WET Inc Sample Type:

Protocoh EPAF 9+EPAI600/+91/002 Test Species:

Start
End Date:
Sample Date:
Comments:
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Phase I Characterization Testing
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ia Chronic Toxicity Testing
- Ceriodaphnia

Customer lD: Utah American- Crandall Canyon Mine TIE Phase I- Baseline Test
^-.
ITTIE sample made by eompositing samples collected: - 0/3/201 | _

-
AnalysesDates/TimesBeginning 10/26/2011. 10:45n.m Endingll'3'2011ll:00q.m, IC25 Estimated from Test: 56.50'o

Dilotion hht H"dn*t Mod..t"ly H"rd S!,rlthft

Ceriodaphnh
n dkrttr- ToUl Nuob.r ofl'ou!! Producld ir Ttrrc lroods ("1t" - d..d)

SamplelD A B C D E F Mean # Produced o/o L€thalitl

0oor6 I9 24 30 | 6.8

25.0o/" 28 2l 29 l5 25.0 0oo

50.0% 0ool0 30 26 l3 I7 | 7.3

r00% 4.7 0oo

Physicd Drtr - Control

Day 0 Dry I Day 2 Day 3 Day4 Dry 5 Day6 DeyT Drt E

DO New/Old

Temp New/Old

Ph Nedold

6.9 7.0t6.8 6.5t7.5

24.2 25.0t24.4 25.0t24.4

8.28 8.20r9.30 8.00'9.25

6.6t6.4 6.5 6.4

25.0124.4 25.0'24.6

8.r4,'8.rs 8.24 80r6

6.6 6.1

25.0 24.6

8.3 | 8. r6

6.8 6.2

25.0 24.8

8.29 Ll I

7 -t 6.6

25.0 24.0

7.54 8.04

6.5

21.2

8.i0

D"New/ord

." Ph New/Old

7.0

24.2

8.r9

6.9t7.2 7.6,6.6

25.0'24.4 25.0!24.4

8.12/8.38 8. t 0,'9.36

Physical Data- 25%o

7.0'6.4 6.8 6.3

25.4/24.4 25.0',24.6

8.08',8.3 I 8.27'8.33

6.6 6.0 6.9 5.9

25.0 24.6 25.0 24.8

8.24 8.29 8.23 8.31

7.4 6.6

25.0 24.0

8.23 8.3 r

6.9

2+.2

8.47

DO New/OId

Temp New/Old

Ph New/Old

7-1

24.2

8.07

7.3i6.9 7 .716.7

25.0t24.4 25.0t24.4

8. t 018.40 8.15/8.38

Physical Data - 507o

6.9'6.3 6.8'6.4 6.5 6.2

25.0t24.4 25.0;24.6 25.0'24.6

8.05,'8.40 8.18r8i9 8.21'E.38

6.8 5.4 7.4 6.9

25.0 24.8 2s.0 24.0

8. t4 8,39 7 .96 8.i2

6.4

21.2

8.5i

DO New/Old

Temp New/Old

Ph New/Old

7.5!6.9 7 .7 t6.E

25.0;24.4 25.0/24.4

8.t0i8.3| 8.24/8.28

Physical Data - t00%

7.t/6.6 7.0.6.6

25.4/24.4 25.0i24.6

7.97/8.25 8_r s/8.26

7.3

24.2

E.04

6.6 6.2

25.0 ?4.6

8.r6 8.26

7.0 5.9

25.0',24.8

8.06 8,31

7.7 6.9

25.0 24.0

7.84 8.t7

6.6

21-2

8.40

]

Cornments: Some fine solids formed on the surfacr ofthe 10004 on davs 3 & 4. with srit formins on the inside ofthe test chamber on most
davs. LCs0e*imatedat .100e0.

I 'L$ il 
1 2[13



Stad Date: 1OmnO1122:45 Test lD: G€nTlEB Sample lD: GcnwEl TIE Basellne Chonic Cero
End Date: 11R12O11 23:00 Lab lD: WET lnc Sample Type: EFF2-lndustrial
Sample Date: Protocol. EPAF 9+EPA/60O1+91|OOZ TestSpecies: CD-Ceriodaphniadubia

Conc-%
D-Control 16.000 8.000 19.000

28.000 21.000 29.000 15.000 2s.000 28.000
10.000 30.000 26.000 13.000 8.000 17.000
2.000 0.000 4.000 8.000 8.000 6.000

25
50

100

Transform r U ntransformed 1-Tailed lsotonic
Conc-% [ern -mean flean [in [ar CV% tstat Crlocal ISD lrean N-[.rn

D.Controf 16.833 1.0000 16-EiXl 4.000 30.000 57.770 6 20.017 1.0000
25 25.000 1.4851 25.000 15.000 29.000 23.048 6
50 17.333 1 .0297 17.333 8.000 30.000 51.300 6

'100 4.667 0.2772 4.667 0.000 8.000 69.985 6

-1.918 2.190 9.324 ?0.917 1.0000
-0_1 17 2.190 9.324 17.333 0,8287
2.858 2.190 9.324 4.667 0 2231

I
:

Bartlett's Test indicates variances (p = 0.14 5.51238 11.3449
Test LOEC chv TU MSDu I/|SB HSE F-Prob df

Dunnett's Test
Treatments vs D-Control

1 423.819 S

Llnalr Inbrpoladon (200 R.!.mpl.sl
Polnt lf SD 95ta CLIEDI Sksw
lcos 3:1.297 lo.O,ts 24.6S0 64.209 0.6910
lc10 39.593 9.908 24.565 65.s18 0.3194
lC15 46.890 9.659 24.618 67.627 0.0495 1.0
lc20 sa308_ s.471 25.399 70.245 -0.1543 0.s
lc25 @9q) e.3e4 27.130 z3.b3a 4.sls1 0.8

tc40 oa eaz 9.254 31.664 83.418 -0.8&45 0-7

rcsO 77.138 8.61e 34.687 e0.622 -1.2650 
3.8

o 0.4

E o.s
g 0.2

s 0-1

E 0.0
-0.1
-o.2
{.3
-0.4
-0.5
-0.6

150

Dose %

50 100

I
# Page 1

$ 
-i 

?s\3
by:-

Auxll||', Tcsts Sdldc Crldcal Skew Kurt
Shapiro-WiRs TeGt indicale8 nonnal distibutim (p > 0.(E) O.gl279 0.916 0.04748 -0.4081

TorCalc v5.0.32



10n6/2011 E:45 Test
11138011 23:00 Lab lD: WET IncEnd Date:

Sample Date:
Comments:

Sample Type: EFF2-lndustrial
Protocol: EPAF94-EPA/6001+91/002 TestSpecies: CD-Ceriodaphniadubia

Dosetesponae Plot

l-tail, 0.05level
of significanca
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Chronic Toxicity Testing
: cerlodophnla

'_ CustoEer ID: Utah Americar' Crandall Canyon Mine TIE Phssc l- Acrated

V TIE senple mrdc by conpodting 3.mplcs coll.ct d: l0l3a0ll

Anrlys6 DrhJTlnes Bcginning I 02620 I I I 0:45 o.m Ending.ll4l4l0llllil0-p.!0_ lC25 Estimrted from Test: 46.{ I o o

- Dilutioo W"hr H"dno.r Mod"ftly Hd
Ceriodaphnir

- 
_ 

RcDllc.l.r. Total Nmbcr of l'oorg Prod!..d h Thr.r Bnodt ("D'= d..d)

Srmplc lD A B C D E F Mcrn# Produc.d ./o Lethelity

Control 17 f6 20 20 15 r6.0 0oo

2l 16 16 t9 24 17 r8.8 0oo

t2 r0 15 t2.2 0oo

100% 0or8 0 22 19 ll r 2.5

Physical Data - Control

Day 0 Day l Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8

DO New/Old

Temp Ne#Old

Ph Newlold

7.0 7 .1,6-9 7.7,6.7

24.2 15.0;24-4 25.0|24.4

8_31 8.28'8.3 t 9.25,',9.27

6.8,6.5 6.8 6.4

25.0',24.4 25.0;24.6

8.16'8. l9 8.32, 8.15

6.6 5.9 6.9 6.0 7.2 6.7

25.0 24.8 25.0 24.8 25.0 21.0

8.26 8.17 8.30 8.17 7.86 8.07

6.1

21.2

8.34

DO New/Old

Temp New/OId

Ph New/Old

7.4t7.0 7.7'6.8

25.0.24.4 25.0!24.4

8.2*8.32 8.26,'8.35

Physical Data- 257o

6.9 6.6 6.8'6.3

25.0,',24.4 25.0'24.6

8.05'8.29 8.30/8.26

6.6 6.3 6.9 5.5

2s.0 24.6 25.0 24.8

8.26 8.29 8.28 8.20

7.0

24.2

8.25

7.4 6.5

25.0 24.0

8.09 8.17

5.9

21.2

8.4J

DO Ne#Old

Temp New/Old

Ph New/OId

7.0 7.4,6.9 7.7t6.9

24.2 25.0t24.4 25.0n4.4

8.21 8.20/8.34 8.18/8.4 |

Physical Data - 507o

7.0,'6.5 6.8'6.2 6.6 6.3

25.0i24.4 25.A;24.6 25.0'24.6

7.96i8.36 8.23'8.33 8.23'8.41

6.8 5.r 7.2 6.8

25.0 24.8 25.0 24.0

8.23 8.37 8.06 8.28

5.8

21.?

8-5 |

DO New/Old

Temp New/Old

Ph New/Old

7.4t6.8 7.8t6.9

25.0/24.4 25.0n4.4

8. r 5/8.34 8.17/8.36

Physical Date - 100%

6.916,6 6.6;6.4

2s.0t24.4 25.0n4.6

7.88/8.35 8.06/8.32

6.5 6.5 6.7 5.9

75.0',24.6 25.0 24.6

8.07'8.30 8.06 8.33

7.2

24.2

8. l2

7.7 6.7

25.0 24.0

7.96 8. r E

6.4

24.2

8.39

Comments: Grit forming on the inside offi€ test chamb€r on mo6t &vs, LC5O esrimared at - | O()n o.

t] t ?[13



Survivaland on Test-Re
Start Date: 10126X2011 E:45
End Date: 11/312011 23:10
Sample Date:
Comments:

est ID: Aerated Chronic
Lab lD: WET lnc
Protocol: EPAF 9+EPA/600/+91/002

EFF2-lndustrial
CD-Ceriodaphnia dubia

Sample Type:
Test Species:

Gonc-%
D-Control 17.000 16.000 20.000 20.000 15.000 8.000

21.000 16.000 16.000 19.000 24.000 17.000
25.000 4.000 12.000 10.000 15.000 7.000
18.000 0.000 22.000 19.000 1 1.000 5.000

25
50

100

Transform : Untra nsformed
Conc-% Mean N-Mean tlean illin ilax G\P/o

1-Tailed
t-Stat Critical MSD

lsotonic
frlean N-Mean

D-Control 16.000 1.0000 16.000
25 18.833 1.1771 18.833
50 12.167 0.7604 1?.-167

100 12.500 0.7813 12.500

8.000 20.000 27.670
16.000 24.000 1s.930
4.000 25.000 60.492
0.000 22.000 69.513

6
6
6
6

-Q.777
1.052
0.960

17.417 1.0000
2.190 7.983 17.417 1.0000
2.190 7.983 12.333 0.7081
2.190 7.983 12.333 0 7081

AuxllLry Te!t3 Stabtic Crilical Sk3w Ku
Shapirswilfs Test indicalos normal dislibution (p > 0.05) 0.98886 0.91 0 O.0 l 707 0. 1 5065

Parfetfs Test indicabs equal variances (p = 0,16) 5.21762 11.31149
Hypoth..L Tort ('l .{rll, 0.051 OEC LOEC ChV TU USDU MSDp UsB ilSE F-Prob dt
Dunnetfs Tast lm >100 I 7.98258 0.49E91 59.E19,f 39.8583 0.24485 3.20
TEdnents vs Dconlrol

Linear lnterpolation (200 Resam ples)
95% CL(Expl SkewPoint Yo SD

rc05
lc10
tc15
tc20
lc25
rc40
rc50

2S.283
33.566
37.848
42.131

@)
>100
>100

o
tfi
tr
o
EI
ttog

1.0

0.9

0.8

0.7

0.6

0-5

0.4

0.3

0.2

0-1

0.0

{.1
4.2
-0.3

15010050

Dose %

-
_--

Paoe 1

I

fl 1 2[13
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End Date: 11/3/2011 23:10
Sample Date:
Comments:

Lab lD: WET Inc
Protocol: EPAF g+EPA/6t10/+91/002 Test Species:

EFF2-lndustrial
CD4eriodaphnia dubia

tlose-Reeponm Plot
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1-tail, 0.05 level
of significance
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f ChmnicrToxicitl Testing

^ Clstomer lD: Utah American- Crandall Canyon Minc TIE phas€ l- Filtercd

VTIE 'rnplc 
mrde by conpociting srmpLr collcctrd: l0Bt20ll

.:. Anrlyscs ltarcs/Times Beginning 10/26l!01l t l:00 p.m Endin&L!4!4gll!!.gqpJq- IC25 Esrlmrtld frorn T€st: jell:g
-- Dilution Wrtcr HrrdmsJt Moderately Hard Svnhaic Frcslr Watcr ADDrox. 200 mr/L. Orcrtrism Asc: Ccriodaohnia dubia <8 houn

Ceriodrphnie
: . nlp|h .e Toa.l Nub.r ofYoulg prod!..d lr TbEG Broodr (,,D.' = d.d)

Sample ID A B D E F Mean#Produced %Lethalitv

Control l6 t6 23 l9 | 7.0 0oo

25.no/o t8 24 26 24 24.3 0oo

50.0% 2r 25 26 2l l5 2l .3 0oo

100% I6 14 t7 19 uD 5D t 3.7 330 o

Physical Data - Control

I Day 2 3 Dav4 5 Day 6 7 Dav I
DO New/Old

Temp New/Old

Ph New/Old

7.4,6.9

25.0i24.4

8.30/8.24

7.6'.6.7

25.0!24.4

8.28/8_26

6.7 6.3

25.0 24.6

8.32 8.19

6.9 6.2

25.0 24.8

8.29 8.?6

7.1 6.8

25.0 24.0

8.14 8.05

7.0

24.2

8.28

6.9 6.4 6.8 6.3

25.4;24.4 25.0 24.6

8.24/8.15 8.33 Lt7

6.+

21.2

8.+0

I)ONew/Old

". Ph New/Old

7.3

24.2

8.17

7.416.9

25.0!24.4

8. r 8/8.37

7.8'6.9

25.0t24.4

g.l5'9.39

6.6 6.3

25.0 24.6

8.29 8.31

7.0 6.4

25.0 24.8

8.2? 8.39

7.3 6.8

25.0 24.0

8.r3 8.r9

Physical Dete- 25%o

7.0,6.5 6.9,6.3

25.0;24.4 25.0.',24.6

8.r3'8.31 8.24,8.29

6.0

21.2

8..14

7.3

24.2

8.06

DO New/Old

Temp New/Old

Ph New/Old

7.6t6.9 7.9'6.9

25.0t24.4 25.Ai24.4

8.07'8.39 9.05.,9.42

Physical Data - 50Yo

7-O,6.5 6.9'6.4

25.Q|24.4 25.0n4.6

8.06,',8.4r 8.23'E.41

6.7 6.3

25.0 24.6

8.24 8.4 |

6.9 6.6

25.0 24.8

8.27 8.53

7.3 6.9

25.0 24.0

8.06 8.i3

6.0

2J.2

8.53

:, DO New/Old

Temp New/Old

ft' Ph New/Old

7.4

24.2

8.03

7.5'7.0

25.0t24.4

E.05t8.22

7 .7',7.4

25.0t24.4

8.08i8.28

Physical Data - 100%

7.3'6.4 6.9 6.5

25.0i24.4 25.0/24.6

8.00/8.30 8.13'8.35

6.4 6.4

25.0'24.6

8. r 7 8.33

6.8 6.6

25.0 24.8

8.r4 8.36

7.7 7.0

25.0 24.0

7.97 8.23

X Comments: Grit formine on the inside ofthe tcst chamber on mosfi davs. 1,C50 estimared at , | 0Oo o-

6.5

24.2

8.35

--.-



Start Date 10126112011 23:00
End Date: 11/3/2011 23:2O
Sample Date:
Comments:

Leb lD: WET lnc
Protocol: EPAF 9+EPA/600/+91 /002

EFF2-lndustrial
CD-Ceriodaphnia dubia

Sample Type:
Test Species:

Gonc-16

25 1E.0q' 28.000 A.qp 28.000 24.(m 26.qr0
50 20.00 21.(m 25.000 26.000 21.(xl0 t5.0qt

100 10.0(p 14.m0 17.00 19.qD 11.000 5.000

Trcnsform : Unbansformed 1-Tailed
Conc-% tlean t{-ileen Hean Hin ilax CWfr N t-Stat Critical IUISD Mean H{lean
D{onfrol 17.m 1.0(x10 17.0m E.mo 2:}.0m 30.224 6 20.880 1.dxn

25 24.333 1,4314 24.333 18.000 28.000 14.157 6
50 21.338 1.2549 21.333 15.000 26.000 18.435 6

100 13.667 0.8039 13.667 5.000 19.000 36.925 6

-2.8Sr 2.190 5.626 20.889 1.0000
-1.687 2.190 5.626 20.889 1.0000
1.297 2.190 5.626 13.667 0.6543
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Barteffs Test indicates variances (g = 1.01341
df

Dunneffs Test 100 >100 1S.8 0.00261 3,20

UnI? lnbnobton (200 R-.npL.)
Polnt * 3D 35f CqE.Dl sf.trt

tc10
lc15
tc20 78.923
lc25
lc40
lc50

64.462 6.915 34.595 82.04f -0.7835
71.692 8.306 46,999 98.591 0.2120

>100
>100

1.0
0.9
0.8
0.7
0.6
0.5

o 0.4

E 0.3
g 0-2
I 0.1
IE 0.0

-0.1
-0.2
-0.3
{.4
-0.5
{.6

Doee %

50 100 150
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End Date:
Sample Date:
Comments:

10/2612011 23:00 Tesl lD: Gen
11/3/2011 23:20 Lab lD: WET Inc Sample Type:

Protocol: EPAF 9+EPA/S00/+91/002 Test Species:
EFFZ-lndustrial
CD-Ceriodaphnia dubia

Dosefieeponse Plot
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{: Chronic Toxicity Testing
Ceriodaphnia

Customer ID: Utah American- Crandall Canyon Mine TIE Phase I- C-18

UITIE sample made by compositing samples collected: 1.0/3{201I

AnrlysesDates/TimesBeginning l0D6/2011 I1:00p.m Endin-e ll 3'2911 ll:30p.m lC25 Estimated from Test: | 8.8oo

Dilutiotr wrter Hrrdrcrs: Moderstelv Hard Svnthctic Fresh Water ADDrox. 200 miy'L. Oruroism Aee: C€riodaDhnia dubia . t houE

Sample ID

Ceriodaphnia
Replicrtes- Total Numtxr of l'oung Producrd io Three Broods {"p" = dead)

A B C D E F Mean#Produced ToLethalitv

Control 2l 2t 27 28 12 r7 21.0 0oo

t7 t2 ilD t4 t7 13.2 l70 o

I3 25 2t 13 22 t4.8 0'o

100% 3D 1555D94D 6.8 50'o

Pbyslcrl Drtr - Co[trol

Dly 0 O.y t Day 2 Day3 Day4 Dly 5 Day 6 DayT DslE

DO New/Old 7.2 7.4!6.9 7.9'6.9

Temp New/OId 24.2 25.0124.4 25.0;24.4

Ph New/Old 8.?3 8.18i8.24 8.14'8.24

6.8 6.4 6.8 6.3

25.0,24.4 25.Q'24.6

8. t 2,',E. l7 8.28'8. l6

6.6 6.t 6.9 6. I

2r.0 24.6 25.0 24.8

8.2r 8.16 8.28 8.22

7.2 6.6

25.0 24.0

8.15 8.04

6_3

2-r.2

8.37

r--.

-)0 
Ne#Old

-.__ Temp New/Old

*. Ph Ne#Old

7.3

?4.2

8.25

7.5'6.9 7.9'1.0

25-0i24.4 25.0/24.4

8.2018.35 8.17'8.39

Physical Data- 257o

7.0;6.4 6.8 6.4

25.4i24.4 25.0'24.6

8- l8i 8.32 8.33'8.3 r

6.6 6.4

25.4'24.6

8.29 8.30

6.8 6.4

25.0 24.8

8.28 8.39

7.2 6.7

25.0 2-r.0

8.15 8.t9

6,1

21.2

8.50

DO New/Old

Temp New/Old

Ph New/Old

7.5,6.9 9.0,'6.9

25-0!24.4 2.5.0,24.4

8.221E.39 8.18/8.44

Physical Data - 50%

7.0,6.4 6.7 6.5

25.0t24.4 25.0'24.6

8.19/8.42 8.30',8.44

7.3

24.2

8.24

6.6 6.3

25.0'24.6

8.28 8.41

6.9 6.4

25.0 24.8

8.30 8.51

7.3 6.8

25.0 24.0

8.12 8.32

6.0

21.2

Ljj

DO Ne#Old

Temp New/Old

Ph New/OId

7.1

24.2

8.18

7.2t6.9 7.9t7.0

25.0t24.4 25.O/24.4

8. r 5/8.33 8.09/8.32

Physical Data - 100%

7.016.5 6.6'6.3 6.5 6.5

25.0n4.4 25.0;24.6 25.0'24.6

8.09/8.31 8.08'8.36 8.18 8.34

6.7 6.4 7.3 6.9

25.0 24.8 25.0 24.0

8.t5 8.39 8.t0 8.26

6.6

24.2

8.43

._ Commenb: Grit forinins on the inside offie test chamb€r on most davs. LC50 estimated at l0@o.
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Cedodaohnir Surviv:l and Reoroducdon Telt-ReDr€duc'tion

End Date: 111312011 23:30 Lab lD: WET Inc Sample Type: EFF2-lndustrial
Sample Date:
Comments:

Protocol: EPAF9+EPA/600/+91/002 TestSpecies: CD-Ceriodaphniadubia

Conc-tl 12 3 4 5 6

8.(m r7.0m 12.000 fi.000 14.(xD 17.(x)0
50 13.d'0 25.0m 21.m0 13.000 11.m0 6.(100
100 3.000 15.(x)0 5.@0 5.000 9.000 4.qr0

Transform : U ntransf ormed 1-Tailed lsotonic
Conc-% tlean N-Mean tlean tlin Max CWA N t-Stat Gritical MSD Mean N-Mean

25 13.167 0.6270 13.167 8.000 17.000 26.924 6
50 14-833 0.7063 14"833 6.000 25.m0 46.788 6*100 6.833 0.3254 6.833 3.000 15.000 65.718 6

2.505 2.190 6.847 14.000 0.6667
1.s72 2.190 6,847 14.000 0.6667
4.531 2.190 6.847 6.833 0.3254

Auxiliarv Tests Statistic Critical Skew Kurt
api ro-Wilk's Test i ndicates (p > 0.05) 0.96036 0.916 0.26537 -0.4034

Badl€tfs Test indicabs equal vedancea (p = 0.5O) 2.35129 11.3.1.19 , =HvFti|s|s T.silir[,0.051 l{oEc LoEc chv TU usDu lxsop [sB MsE F-Prob d!
Dunn€ns T€3r '50 lm 70.710i7 2 6.84703 0.32605 203.486 29.325 0.@22 3.20
Tr€a8nenls r's Dcontrol

Linear Interpolation (200 Resamples)
Polm % SD 95% CUETDI Skew

lc10'
lc15*
lc20*
1c25.
tc40
1C50

JgL 13.816 8.332 85.4e5 2.0663

$lg 17.336 10.415 92.018 1,1307
59.767
74.419

7.500 9.061 4.166 75.591 4.0642
1 1.250 10.401 6.24s 81.327 3.2856 i.0

0.9

0.8

0.7* indicates lC estimate less than the lowest concentration
E 06

905
GO

& 0.4

0.3

o.2

0.1

0.0

-
.-

!-

15050 100

,;r{'3 il'[ 2[13

Dose %
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End Date: 1113f2011 23:30
Sample Date:
Comments:

est lD:
Lab lD: \AIET lnc Sample Type:
Protocol: EPAF 9+EPAI600/+91/002 Test Species:

GenwalTlE C-1
EFF2-lndustrial
CD-Ceriodaphnia dubia

Dose-Responee Plot

olo

1-tail, 0.05level
of significance
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Chronic Toxicity Testing
Ceriodaphnia

_ Customer ID: Utah American- Crandall Canyon Mine TIE Phase I- PH 6

-TlE 
sample made by compositing samples collected: l0/3/201I

Analyses Dates/Times Beginning l0/26/201I !.1:15 p.m Endin@ lC25 Estimated from Testl 6l.760o

Dilution khr H"tdn*t Mod".t"ly H"rd Sn$
Ceriodrphnir

Rlplic.Lt- Totd N|||!b.r of I'o|rnt Prudu.cd h Tir.. Brood. ("D" = dnd]

SampleID A B C D E F Mean#Produced %Lethality

Control 32 29 23 27.0 0oo282228

75.0/o 22 35 JJ 36 35 J! 32.2 0oo

0oo24242l2928?l 24.550.0%

t00% 0oo?2r6 t4 l6 l3 14.7

Phvsical Data - Control

Day 0 Day l Day 2 Day 3 Day 4 Day 5 Day 6 Da1 7 Day I
DO Ne#OId

Temp New/Old

Ph New/Old

6.9

24.2

6.00

7.2t6.9

25.0i24.4

6.01/6.09

7.3'6_9

?.5.0D4.4

5.97rc.44

6.6 6.2

25.0 24.6

6.04 6.0r

6.7 6.3

25.0 24.8

6.06 6.06

7.2 6.8

25.0 24.0

5.98 6.06

6.8 6.4 6.7 6.3

25.0:24.4 25.0',24.6

5.98/6_06 6.15 6"05

6.3

21.2

6.06

^-.
tIDo New/Old

Temp New/Old

Ph New/Old

6.9

24.2

6.25

7.216.8 7.4t1.1

25.0124.4 25.0t24.4

6.20/6.31 8.18/6.44

Physicel Data- 257o

6.8/6.6 6.7 6.4

25.0/24.4 25-4,',24.6

6.24t6.44 6.30 6.49

6.7 6.3 7.0 6.5

25.0',24.6 25.0 24.8

6.31 6.49 6.3t 6.47

7.3 7.0

25.0 24.0

6.r9 6.47

6.3

24.2

6.48

DO New/Old

Temp New/OId

Ph New/Old

'1.1 7.3/6.8 7.3t7.0

24.2 25.0t24.4 25.0!24.4

6.39 6.41;6.]9 6.43'6.89

Physical Drte - 50%

6.7'6.6 6.7 6.4

25.0|24.4 25.4 24.6

6.39.'6.78 6.50,'6.74

6.6 6.5 7.t 6.7

2s.0 24.6 25.0 24.8

6.52 6.92 6.50 6.85

7.1 7.0

25.0 24.0

6.44 6.84

6.3

?1.2

6.90

DO New/Old

Temp New/Old

Ph New/Old

7 .2!6.7 7.7',7.1

25.0124.4 25.0t24.4

6.64t7.t3 6.68/7"01

Physical Data - 100%

7.1'5.6 6.8'6.5

25.On4.4 25.0!24.6

6.66t7.51 6.80t7.47

6.8 6.3 7.1 6.6

25.0 24.6 25.0 24.8

6.92,'7.& 6.79 7.69

7.4

24.2

6.67

1.6 7.1

25.0 24.0

6.63 7.66

6.5

21.2

8.09

Commcnts: Gri! formins on the insidc of the test chsmbd on most days. LC50 estimared 8l . | 0(F o.
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uction
Start Date: 1012612011 23:15
End Date: 11'3f2O11 23:40
Sample Date:

Comments:
Conc-%l23/056

25 2..@O 35.m0 33.qx) 36.000 35.mO 32.0q)
50 21.d!0 28.000 29.000 21.m0 24.000 2,1.0@

100 16.m0 22.000 7.qr0 14.000 16.qD 13.000

Transform : Untransformed 1-Tailed lsotonic
Conc-% lllean N-frllean Hean ilin itax C\f/o t-Stat Critical [iSO Mean N-lfrean

Test lD: GenTlEG
Lab lD: WET lnc
Protocol: EPAF 94-EPA/600/+91/0O2

GenwalTlE ph6 Chronic Cero
EFF2-lndustrial
CD-Ceriodaphnia dubia

Sample lD:
Sample Type:
Test Species:o

D-Control 27.000 1.0000 27.000
25 32j67 1.1914 32.167
50 24.500 0.9074 24.500*100 14.667 0.5432 14.667

22.000 32.000 14.055
22.000 36.000 16.144
21.000 29.000 13.841
7.000 22.000 33.309

6
6
6
6

-2.043
0.s89
4.877

29.583 1.0000
2.190 5.538 29.583 1.0000
2.190 5.538 24.500 0 8282
2.190 5.538 14 667 0.4958

Auxiliarv Tests Statistic Critical Skew Kurt
Shapiro-Wilk's Test indicates normal distribution (p > 0.05) 0. 0.916

11.3449
-0.7038 0.57758

Bartleffs Test indicates variances (p = 0.78 1.10542
EC LOEC chv TUT tt/lsB [ISE df

Dunnett's Test 1 5.53791 0.20511 323.389 19.1833 1.1E-05 3,20
Treslmonb vs [}codrd

Point SD Skew
1.

95%
m-3',T

tc10
rc15
tc20
tc25
rc40
tc50

39.549 6.002
46.824 6.358
#.237 6.712

@ 7,03e
u322
99.364

32.112 67.058 1.1519
35.667 72.ffiO 0.7885
39.306 76.620 0.5057
42.777 M.072 0.1977

1.0

0.9

0.8

o.7

0.6

05
0,4

0.3

o.2

0.1

0.0

-0.1

-0.2

-0,3

o
6
tr
0
o.ao
E,

100 150

:

Dose %
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ffi
End Date: fiBn01-l 23:40
Sample Date:
Comments:

'est lD: GenTlEG
Lab lD: WET lnc Sample Type:
Protocol: EPAF ${-EPA/600/+91 /002 Test Species:

TIE ph6 Chronic Cero
EFF2-lndustrial
CD-Ceriodaphnia dubia

Dose-Reeponse Plot
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; Chronic Toxicity Testing
Ceriodtphnia

Customer lD: Utah American- Crandall Canyon Mine TIE Phase I- PH ?

-IZflE sample made by compositing semples collected: l0/3/201I

:: AnalysesDates/TimesBeginning l0E6/2011 ll:t5p.m Endingll/.3/2011ll:40p lC25 Estimated from Test: -100&

^ Dilution wrt r Hrdn€ss: Moderately Hard Syrthctic Fresh Wrter Approx. 200 mg/L. Orgrntun Agc: .lggiqbDldglubig- jjlbgtr
Ceriodaphnia

Rcplicrtm- Totsl Numbcr of Young Produccd in Three Broods ("[" = deed]

SamplelD A B C D E F Mean#Produced YoLethalitl

Control 2? 26 21 28 2E 25.3 0oo

25.0o/o 27 24 26 32 26 28.2 0oo

25 26 3l 25.0 0oo

100o/o l3 2l 2'l11 2 r.0 0oo

Day 0 Day I

Physical Data - Control

Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Da3 8

DO New/Old

Temp New/Old

Ph Newlold

7.3

24.2

7.48

7.3 /6.8 7 .1',7 .l

25.0,t24.4 25-0'24.4

7.23i8.t8 7.29'8.37

6.7 6.5 6.6 6.4 6.6 6.2

25.0,24.4 25.4;24.6 25.0 24.6

7.35'7.71 7.38',7.69 7.43 7-66

6.8 6.7 7.0 6.9

25.0 24.8 25.0 24.0

7.45 7.72 7.30 7.60

5.2

24.2

7.80

IDo New/old

Temp New/Old

Ph New/Old

7.1

24.2

7.46

7.3i6.8 7.2;7.1

25.9;24.4 25.0;24.4

7.4018.10 7.34|8.19

Physical Data- 25olo

6.8,6.5 6.6 6.3

25.0;24.4 25.0',24.6

7.i7'7.98 7.46'.7.89

6.5 6,4 6.6 6.6

25.0 24.6 25.0 24.8

7.44 7.85 7.50 7.95

7.? 6.9

25.0 2-t.0

7.33 7.83

6.1

21.2

8.07

DO New/Old

Temp Ne#Old

Ph New/Old

7.1j6.8 7.3',7 -0

25.0'24.4 25.0124.4

7.37/8.03 7.39/8.00

Physical Data - 507o

6.e 6.5 6.7 6.4

25.0i24.4 25.0 24.6

7.43J8. t3 7.51 '.8.06

6.6 6.4 6.8 6.5

25.0,24.6 25.0 24.8

7.52 8.02 7.61 8.19

7.0

24.2

7.38

7.2 7.0

25.0 24.0

7.43 8.00

6.2

24.2

8.26

DO New/Old

Temp New/Old

Ph New/Old

6.8 7.4'6.9 7.6!7.A

24.2 25.0t24.4 25_0t24.4

'?.34 7.35t7.80 7.41t7.79

Physical Data - 100%

6.9,6.7 6.7'6.6

25.0t24.4 25.0i24.6

7.52t8.37 7 .59!8.29

6.6 6.4 6.9 6.6

25.0,'24.6 25.0 24.8

7.59 8.33 7.63 8.41

?.3 7.0

25.0 24.0

7.48 8.26

6.i

21.2

8.35

Comments: LC50 estimated at - 100^ o.
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End Date: 1113nO11 23:50 Lab lD: WET lnc Sample Type: EFFZ-|ndustrialt
-.

-.:

Protocol: EPAF9+EPA/600/4-911002 TestSpecies: CD-Ceriodaphniadubia

Conc-%
D-Control 22.000 26.000

25 34.000 27.000
50 ?2.000 25.0m

100 23.000 22.000

27.000 28,000 28.000
26.000 32.000 26.000
23.000 31.000 23.000
21.000 27.000 20.000

21.000
24.000
26.000
13.000

Conc-%
Tmnsform : Untransformed

Mean N-Mean tlean Min Max CV%
l-Tailed lsotonic

t-9tat Critical HSD Mean N#lean
D-Control 25.333

2s 28.167
50 25.000

100 21.000

1.0000 25.333
1.1118 28.167
0.9868 25.000
0.8289 21.000

21.000 28.000 12.145
24.000 34.000 13.917
22.000 31.000 13.145
13.000 27.000 21.925

-1.302 2.190
0.153 2.190
1.991 2.190

26.750 1.0000
4.766 26.750 1.0000
4.766 25.000 0.9346
4.766 21.000 0.7850

6
6
6
6

AuxilLry T€3t! Stetbdc Criticll Sksw Kurt
Sh-FLo-WilFs E-indicates norn'af distfrbui'|on{p >- 0J5) 0.9722 0.916 {.0317 -0.0592

Treatments vs D-Control

Bartlett's Test indicates variances (p = 0
NOEC
100 >100

0.93134
MSDU

11.3449
MSB

4.76601 0.18813 52.1

F df
3 0.02956 3,20

Point % SD
Linear Interpolation (200 Resamples)

95% CL(Expl Skew
lc05
tc10
lc15
1C20

lc25
tc40
lc50

M.107
61.563
78.281
sg99a-
/ >100 lw

>100

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

o,2

0.1

0.0

-0.1

-0.2
100

Dose %
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Start Date:
End Date:
Sample Date:
Comments:

'est lD: GenTlET Sample lD:
Lab lD: WET lnc Sample Type:
Protocol: EPAF 9+EPA/6001+91 IWZ Test Species:

EFF2-|ndustrial
CD-Ceriodaphnia dubia

Dosefieeponse Plot
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Chronic Toxicity Testing
Cefiodrphnto

- C||stomcr lD: Utah Americar Crandall Canyon Mine TIE Phasc I- EDTA 3 mg/L

llE srmple nade by compositing srmpkr coll.ctrd: l0/3120t l

Anrly6.s Dsa€s/Timcc Beginning 10262011 ll:25p.m Endinglu!40!LL4@g- IC25 Estimgtcd from Tcst: jl@

Dltutlou W"t

Ceriod!phnir

Sample ID A B D E F Mean#Produced %LethalitY

Control 0D 2t 25 33 26 2r.5 I Too

26 13 22 35 r8 IJ.J 0oo

il t2 26 t7.2 0oo

10070 0Por3 22 24 15 l9 r9.8

Physical Data - Control

Day 0 Day I Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Dar E

DO New/Old

Temp New/Old

Ph New/Old

7.0 7.2J6.9 7.2:7.t 6.7 6.7 6.9 6.5

24.2 25.0!?4.4 25.0/24.4 25.0;24.4 25.0 24.6

7,80 7,7918-25 7 .74;8.28 7.75'8.17 7.86'8.21

6.6 6.4 7.0 6.6 7.I 6.8

25.0 24.6 25.0 24.E 25.0 2-t.0

7.86 8.19 7.89 8.29 7.77 8.06

6.-l

21.2

E.i9

New/Old

Temp New/Old

Ph New/Old

7.2'6.9 7.2|7.1

75.0t24.4 2s.0!24.4

7.96i8.39 7.89t8.44

Physical Data- 257o

6.8,'6.6 6.8,6.6

?5.0/24.4 25.0;24.6

7.91',8.37 8.02/8.36

6.7 6.7 5.9 6.9

25,0 24.6 25.0 24.8

8.07 8.36 8.05 8.48

7.0

24.2

8.01

7.3 7.0

25.0 24.0

7.82 8.23

6.-t

21.2

8.53

DO New/Old

Temp New/Old

Ph New/Old

7.7t6.9 7.3t7.3

25.0t24.4 25.0!24.4

7.9218.31 7.89/8.40

Physical Data - 509/e

6.9'6.7 6.8 6.7

25.0/244 25.0;24.6

7.95t8.M 8.09'8.47

6.7 6.8 7.0 6.9

25.0 24.6 2s.0 24.8

8.r3 8.43 8.r3 8.52

7.2

24.2

7.94

7.3 7.4

25.0 24.0

7.90 8.36

6.4

21.2

8.51

-- Temp New/Old

Ph New/Old

7.U6.8 7.3t7.5

25.0t24.4 25.0t24.4

7,9ri8.38 7.89/8.35

Physical Data - 100%

6.9t6.6 6.9'6.8

25.0124.4 )5.0i24.6

7.9418.26 8.03,',8.28

6.7 6.E 7.0 7.0

25.0 24.6 2s.0 24.E

8.12,'8.28 8.09 8.33

7.3

24.2

7.93

7.3 7.3

25.0 24.0

7.96 8.21

6.4

24.2

8.4 t

Comments: LC50 estimated at 'l00oo.

.-.--
-
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Genwal TIE EDTA 3 Chronic Cero

End Date:
Sample Date.
Comments:

Conc-*123456
25 26.0(x) 26.000 13.000 22.0@ 35.000 18.000
5{! 24.dr0 11.000 7.000 12.0m 23.000 26.000

100 13.000 22.000 24.@0 15.0q, 26.000 19.qD

1-Tailed lsotonic
Conc-o/o *lean N-ilean Hean iiin llax G\tr/o N t€tat Critical tt{SD Mean N-Mean

22.417 1.0000

Lab lD: WET lnc Sample Type: EFF2-lndustrial
Protocol. EPAF$+EPA/600/+91/002 TestSpecies: CD-Ceriodaphniadubiat

:"

25 23.333 1.0853 23.333 13.000 35.000 32.489 6
50 17.167 0.7984 17.167 7.000 26.0m 47.097 6

100 19.833 0.9225 19.833 13.000 26.000 25.792 6

-0.382 2.190 10.497 22.417 1.0000
0,904 2.1s0 10.497 18.500 0.8253
0.348 2.190 10.497 18.500 0.8253

Shapir+'Wilk's Test indicates normal distnbution (p > 0.05) 0.916
11.3449

-0.8414 1 11354

Bartlett's Test indicates variances (o = 0.4
Test (1{a

Dunnett's Test
LOEC chv TUT

2.71d,08
MSDp ilSB F.Prob

10.4972 0.48824 41.1 68.925 0.62

Il LIn .r lnbt?olation (200 Re3ample.)

J polnt x so s5x cl(&pl st<lrt

- lc05 9..1il
rc10
1C15

tc20
rc25
l040
tc50

Dose %

o
dt

oa
|ao
E,

;-,

---
-

39.309
46.463

;ruL
r >100 )-'Tb0-

>100

on (200 Resamples)

1.0

0,9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0

4.1

4.2
15010050

fi 1 2U13

Page 1 ToxCalc v5.0.32 Reviewed by



qt
6
4fr,

6fry S:brt D.b: 1ff?6tm1123:25 Tast lD: GmTlEE3 sampls lD: cdfldTE EDTA 3 Chmnic C€ro

A Erd Dab: L$ lD: \'YET Inc S€mpte Typc: EFF2lndusrirt
/l Sampb Oab: Protocol EPAF 9lEPArUXtlrl4l,IXlrl T€{ SFd€s: CD.Cariodaphnla dub'retf Commcnr:

I Do|.irlpon . plot

ffi
ffi
@
@

s
ffi
ffi
ffi
&
s
ne/
ffi
{rh
tu/

B
ft
i;J

@^
I
g',7

@
f.h
i^g

@
fr
tii-irr

ffi
s
#
@

@

@
F.a*;t

#
@

@

&
&
ritrl-

:rry
@ Page 2

s

40

35

3t)

Ezs-3t

€zo
It

_o- 15
E

10

5

0

1-tei|, 0"05 level
of significance

octrIrat
$lC|

coq
o

lhlililf"'i 
1-l'l r'[x:t

f'-B $ 1 2013

Di'+. oi C;t' Lis fu i'Jiiirrl'J

Reviewed by:_ToxCalcv5.0.32



:;:. C h ron i c Toxicily Testing
- Cedodqhnit

._ Customer ID: Utah Arncrican- Crandall Canyon Mine TIE Phase I- EDTA 8 mg/L

tTIE rrnph made by conpositing samphs collcctcd: 10/3201I

' 
Anelyses Drtes/fimcs Beginning lu2620l I I t:25 p.m Ending-Ll/il20ll!2:.!9-p,q tC25 Estlmatcd from Test: jlojll

- 
Dilufioo W"f". H"do*tr Mod".t"l" H

Ccdod.phnis
R.plicrLr- Tobl NuEb.r of Yo!!g Pmdo..d ir Tbr.. Brood! ("D" - dcdl

SamplelD A B C D E F Mean#Produced Tolethaliq

Control 24 2l l0 2r l1 I8.2 0oo

25.0o/" 30 l0 26 27 23.7 0oo

50.0% 27 27 20 26 24.5 0uo

100% l6 r8 20 t8 17.7 0,o

Day 0 Day I

Physical Data - Control

Dey 2 Day 3 Day 4 Day 5 Day 6 Day 7 Da1 I
DO New/Old

Temp New/OId

Ph New/Old

7.0 7.2;6.8 7 .0/7.0 6.9 6.5 6.8 6,6

24.2 25.0'24.4 25.0,!24.4 25.0'24.4 25.0'24.6

8.t I 8.08',8.25 8.00'8.23 8.07'8-18 8.18 8.09

6.7 6.2 7.0i6.7

25.0 24.6 25.0/24.8

8.19 Lr3 Lr5/8.2r

7.?t7.0

25.0 2.[.0

7.93 8. r5

6.4

21.2

8.-r2

I}ONew/Old
- Temp New/Old

Ph New/Old

7.0

)41

8.03

7.2;6.8 7.1',7.1

25.0124.4 25.0i24.4

8.00r8.32 7.96i8.41

Physical Data- 257o

6.9'6.7 6.8 6.6

25.4'24.4 25.0',24.6

8.07'8.34 8.11',8.33

6.7 5.s

25.0 24.6

8.1r'8.33

?.0 6.5

25.0 24.8

8.16 8.44

7.i 7.1

25.0 24.0

?.92 8.28

6.4

24.2

8.53

DO New/Old

Temp New/Old

Ph New/Old

7.4',6,9 7.3'7.1

25.0j?4.4 25.0124.4

7.9418.39 7.93'8.40

Physical Data - 50%

6.9 6.4 6.8 6.7

25_0:24.4 25.0,'24.6

8.02 8.4r E.07'8.43

7.2

24.2

7.95

6.6 6.6

25.0 24.6

8.09 8.,14

6.9 6.8

25.0 24.8

8.1 7 8.50

7.4 7.2

25.0 24.0

7.89 8.37

6.+

24.2

8.5 |

DO New/Old

Temp New/Old

Ph Newlold

7.4,'6.8 7.3,'7.3

25.Qr24.4 25.0t24.4

7.93/8.32 7.96i8.35

Physical Data - l00o/o

7.0j6.6 6.8,'6.8

25.0i24.4 25.0!24.6

7.96i8.27 8.04,'8.25

7.2

24.2

7.91

6.7 6.7

25.0'24.6

8.10'8.3 I

7.0 6.9

25.0 24-8

8.07 8.32

7.5 7.2

25.0 24_0

7.89 8.23

6.4

24.2

8.42

- cornments: 

- 

Lc5o cstimat€d al I 00'o.

'.
."---

-



nia Survival and Test-Re
Start Date: 101261201123:25 Test ID: GenTlEES : GenwalTlE EDTA I Cero

Lab lD:
Protocol:

WET Inc
EPAF 9+EPAI600/+91 /002

Sample Type:
Test Species:

EFF2-lndustrial
CD-Ceriodaphnia dubia

D-Control 22.000 24.000 21.000
25 23.000 30 000 10.000
50 24.000 27.(n0 27.000

100 9.000 16.000 18.000

10.000 21.000 11.000
26.000 27.000 26.000
20.000 26.000 23.000
20.000 18.000 25.000

Rank 1-Tailed
Sum Critical

lsotonic
tlean N-MeanN

E
6
6
6

25
50
00

Conc-%
T-co-ni

1

Mean N-lUlean tlean [[in
18.167
23.667
24.500
17.667

1.0000 18.167 10.000
1.3028 23.667 10.000
1.3486 24.500 20.000
0-9725 17.667 9.000

24.000
30.000
27.000
25.000

C\P/O

33.286
2s.838
1 1 .178
2s.665

50.50 26.00
51.50 26.00
35,00 26.00

?2.111 1.0000
22.111 1-0000
22.111 1.0000
17.667 0.7990

Auxiliary Tests
Shapi ro-Wilk's Test indicates
Bartlett's Test indicates equal variances
HYpothesis Test {1

Test 1

(p.= o-

Sta
0.90043
3.76071

Critical

11.3449

Skew Kurt
-1.1046

=Q
TU
T

Treatments vs D-Control

Point % SD
Linear Interpolation (200 Resamples)

95% CLErpl Skew
rc05
tc10
tc15
rc20
lc25
lc40
1C50

62.438
74.875
87.313
99.750

\ ':v*fi00
>100

1,0
0.9
0.8
0.7
0.6
0.5
0.4
03
0.2
0.1

0.0
{.1
-0.2
-0.3
-0.4
-0.5

100

Dose %

o
utg
o
o.
6otr

15050

':,frfl1.tt}13
Reviewed by: ,Page 1 ToxCalc v5.0.32



$urvival and Reorcduction T n
est lD: GenTIEEB $ample lD: A8

End Date:
Sample Date:
Commerrte:

Lah lD: WET Inc Sample Type:
Protocol: EPAF $4-EPA/600/+91/002 Test $pecies:

EFFZ-|ndustrial
CD-Ceriodaphnia dubia

tloee-Response Plot
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Chronic Toxicity Testing
Ceriodaphnia

_ Cusaomcr ID: Uah American- Crandall Canyon Mine TIE Phase I- Thiosulfate | 0 mg/L

VTIE srnplc mrdc by conpoeltlng srnplcs collcctld: l 0/3i20 t I

^ Andyscs Drtes/TiEG3 Beginning 10262011 lt:40p.m Endine Il/3/201I 12:20 o.m lC25 Estimrtcd from T.st: -:f,L315

-' Dllution Wrtcr Hrrdoess: Moderately Hard Synthetic Fresh Warer Applox. 200 mg/L. OrErnism Agc: ..lggigbDh[b!gbh_:_E jgg!!

Ceriodaphnia
Rtplicttcs- Total l{umber of I'oung Produced in Three Broods {"D" - drld}

SamplelD A B C D E F Mean#Produced %Lethality

Control 17 16 19 13 14 l5 15.7 0oo

0oor0 14 ll l8 t7 | 5.0

t2 11 5D 10 16 t2 10.8 0oo

100% 0oo3.3

Day 0 Day I

Physical Data - Control

Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Dar I
DO New/Old

Temp New/Old

Ph New/Old

6.9

24.2

8.23

7.26.8 7.0i7.1 6.8,'6.7 6.8 6.6 6.9 6.3 7.0 6.4

25.4i24.4 25.0i24.4 25.0,24,4 25.0'24.6 25.0 24.6 25.0 24.8

8.24/8.35 8.2618.38 8.20/8. I | 8.30 8. r I 8.29 8.22 8.27 8.28

7.3 7.0

25.0 24.0

81 5 8.06

6.3

21.2

8.41

ItDo New/old

Temp New/Old

Ph New/Old

7.1

24.2

8.12

7.2t6.9 7.0'7.3

25.0/24.4 25.0,!24.4

8.09,',8.45 8.07',8.49

Physical Data- 257o

6.5,6.8 6.7 6.t

25.0,'24.4 25.A'24.6

8.07'8.35 8.21 8.39

6.7 6.s 7.0 6.7

25.0 24.6 25.0 24.8

8.29 8.36 8.22 8.47

1.0 7.1

25.0 2+.0

8.0-r 8.28

6.3

24.2

8.52

DO New/Old

Temp Ner+/Old

Ph New/Old

7.3',6.9 7.1'7.4

25.0 24.4 25.0t24.4

8.07'8.35 9.05,'9.37

Physical Data - 507o

6.9 6.6 6.8 6.8

25.0 ?4.4 25.0 24.6

8.04.8.38 8.14,8.44

6.i

21.2

8.4 t

7.2

24.2

8.06

6.7 6.6

25.0 24.6

8.24 8.45

6.9 6.9

25.0 24.8

8. 19 8.50

7.4 7.2

25.0 24.0

7.99 8.i8

DO New/Old

Temp New/Old

Ph New/Old

7.4t7.0 7.5t7.4

25.4t24.4 25.0t24.4

7.95rE.32 7.90t8.34

Physical Data - 100%

6.9,'6.8 6.9 6.9

25.0;24.4 25.0;24.6

8.03/E.23 8.12'8.24

7.3

24.2

8.00

6.7 6.8

25.4'24.6

8.14 8.27

7 _0 6.9

25.0 24.8

8.07 8.32

7.5 7.4

25.0 24.0

7.97 8.21

6.5

21.2

Li8

Comments: Grit formips on drc ioside oftlrc test chamber on most days. LC50 estimat€d at .100" o.

i:,:* u i 2fl13
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End Date:
Sample Date:
Comments:

Lab lD: WET lnc Sample Type: EFFZ-Industrial
Protocol: EPAF9+EPA/6001+911ffi2 TestSpecies: CD-Ceriodaphniadubia

Conc-%
D-Control

25
50

100

17.000 16.000 19.000
10.000 14.000 11.000
12.000 11.000 5.000
3.000 9.000 0.000

13.000 14.000 15.000
18.000 17.000 20.000
10.000 16.000 12.000
4.000 2.000 2.000

Transform : Untra nsformed
Conc-% lllean N-lHean Flean liin tlax C\folo

1-Tailed
t€tat Critical MSD

lsotonic
Mean N-Mean

D-Control 15.667 1.0000
25 15.000 0.9574*50 11.000 0.7021*100 3.333 0.2128

15.667 13.000 19.ff)0 13.789
15.000 10.000 20.000 26.ffi7
11.000 5-000 16.000 32 525
3.333 0.000 9_000 92.304

0.352 2.190 4.142
2.#7 2.190 4.142
6.520 2.190 4.142

6
6
6
6

15.667 1.0000
15.000 0.9574
11.000 0.7021
3.333 0.2128

Auxiliary Tests St tblic Criticel Skew Kurt
Shapiro-Wilk8 Te3t indicales mmd distribrrtbn (p > 0.05) 0.978(x 0.916 0.0598E -0.2756
Bartlett's Test ind icates variances (o = 0. 1.76843 11.3449

Test (l-tail, 0 NOEC MSE F-Prob df
Dunnetfs Test
Treatments vs D-Control

50 35.3553 4.14239 0.26441 192.611 10.7333 6.8E-06 3,20

Linear Interpolation (200 Resam ples)
Point
rc05
tc10
tc15
tc20
rc25
lo40
lc50

% SD 9s% Skew
25.729
30.625
35.521
yJL=

145.313 )
j*-o:4s-

70.652

9.452
8.s57
9.026
9.071
8.866
8.037
7.724

0.000
0.000
2.791
7.193

1 1.595
35.571
44.800

7?4
52.705
60.320
63.513
66.618
79.071
88.340

-0.5958
-0.5566
-0.4500
-0.4295
-0.5139
-0.1150
-0.1095

1.0

0.9

0.8

0.7

E 06

g 0-5
ct

fi 04

0.3

o.2

0,1

0.0

Dose %

ii i ztl13

Page 1 ToxCalc v5.0 32 Reviewed by:_
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: Chronic Tortcig Testing
Catodqhnlg

' Cuslomcr lD: Utah Amcrican- Crandall Canyon Mine TIE Phase I- Thiosulfate 25 mg/L

lTlE senplc mrde \r compositing 3smplcs collcctcdr l0Bl201l

: Anrlyscs DaleyTimcs Bcginning I 0/26120 I I I I :40 o.rn Endingll4!49-Ll!4iq-p.n!_ IC25 Estlmrted from Test: .IELL!!
" Dtlutloo W"t"4l4!!!!!_1499!q!9ry 1!!!{Syorh"ti" F ..h Wd"t Ap *

Ccriodrphnia
Rlplic.l+ Totrl Nurt r of lbrry Prodm.d ir ThrG. Broodt ("D" = d!d)

SamplelD A B C D E F Mean # Produced 7o Lethalift

Control t2 il t6 l6 l2 l4 t 3.5 0o.o

25.0o/o r3 l5 0oolt l4 l r.E

0ol4 l5 l5 II t2.2

100% r0 6.8 0o

Physicrl D.tr - Control

Day 0 Dry I Day2 llay 3 thy 4 Day 5 Dry 6 Day 7 Dry t
DO New/Old

Temp New/Old

Ph Ne#Old

6.9 7.2 6.9 7 .0i7.2 6.7 6.7 6.9 6.5

24.2 25.0t24.4 25.0,24.4 25.0'24.4 25.0 24.6

8.28 8.26/8.39 E.24,',8.41 9.24,'9" l6 8.35 '8. I 7

6.8 6.4

25.0 24.6

8.26 8. r 7

7.0 6.5

25.0 24.8

8.28 8.26

6.9 7.3

25.0 24.0

8.15 8.t8

6.2

2.1.2

E.3i

^-,
IDO New/old

Ph New/Old

7.1

74.2

8.t8

7.v6.9 7.2;7.2

25.0t24.4 25.0!24.4

8.12i8.45 8.09'8.49

Physical Data-XSVo

6.7 6.8 6.8 6.?

25.0,!24.4 25.0 24.6

8.12 8.38 8.1I8.39

6.8 6.8

25.0 24.6

8.t9 8.37

7.0 6.7

25.0 24.8

8.21 8.48

7.1 7.2

25.0 24.0

8.01 8.36

o.J

21.2

8.51

DO New/Old

Temp New/Old

Ph New/Old

7.2i6.9 7.3!7 .2

25.0',24.4 25.0/24.4

8.05/8.39 9.00/9.37

Physical Data - 507o

7.0.6.8 6.9 6.7

25.O;24.4 25.0:24.6

8.06'8.42 8.t3'8.46

7.2

24.2

8.07

6.7 6.8

25.0 24.6

8.r9 8.37

7.0 6.6

25.0 24.8

8.23 8.50

'1.3 7.1

25.0 2-r.0

7.97 8.31

6.3

24"2

8.42

DO New/Old

Temp New/Old

Ph New/Old

7.516.9 7 .4/7 _4

25.0t24.4 25.0t24.4

7.97t8.37 7.95/8.35

Physical Data - 100%

7.?,6.8 6.8,6.9

25.0/24.4 25.0!24.6

7.94i8.25 8.09/9.24

7.2

24.2

8.01

6.7 6.8

25.0,'24.6

8.1I 8.27

6.9 6.6

25.0'24.8

8.t3 8.23

7.5 7.2

25.0 24.0

7.95 L r6

6.4

21.2

8.38

Comments: Grit forminq on the inside of the test chamber on most davs. LC50 estimated at '100" o.

j



Survival and uction T
Start Date: 1

End Date:
Sample Date:
Comments:

est lD: GenTlEt2S
Lab lD: WET lnc
Protocol: EPAF 9+EPA/600/+91 /002

Genwal TIE Thiosulfate 25
EFF2-lndustrial
CD-Ceriodaphnia dubia

Sample Type:
Test Species:

Gonc-%- D-Control 12.000 11-000 16.000
11.000 13.000 15.000
14.000 9.000 15.000
5-000 9.000 9.000

16.000 12.000 14.000
9.000 9,000 14.000
9.000 15.000 11.000

10.000 3.000 5.000

25
50

100

Transform : U ntsansf ormed Rank
Sum

1-Tailed
Critical

lsotonic
htean N-tleanConc-% tlean N-lltlean tean tlin Max C\P/o

D-Control 13.500 1.0000 13.500
25 11.833 0.8765 11.833
50 12.167 0.9012 12167*100 6.833 0.5062 6.833

11.000 16.000 16.059
9.000 15.000 21.655
9_000 15.000 23.488
3.000 10.000 41.821

6
6
5
6

32.00 26.00
33.00 26.00
21.00 26.00

13.500 1.0000
12.000 0.8889
12.000 0.8889
6.833 0.5062

Barueft's Test indicates 11.3449
is Test ({-tail NOEC LOEC

Steel's Many-One 100 70.7107

Lln6.r lnbrpol.tlon (m0 Rrs.nplgsl
Polnt 16 SD 

'516CL(E 
Dl Skew

fo05' 11.2fi 17.1U 2.971 79.003 1.0290
lc10*
tc15
tc20
tc25
tc40
tc50

22.500 18.376 5.941 83.006 -0.0082
55.081 16.761 0.000 76.343 -0.7685 1.0

13.990 3.576 85.658 -1.2518
10.652 31.950 96.716 -0.7489

t indicates lC estimate less than the lowest concentration

0.9

0.8

0.7

g 0-6

R 0-5
6
# 0-4

0.3

4.2

0.1

0.0

Doee %

---l il i 2[13

:l--'-

;

Aurili.ry TeGb gtrliltic Cdtic.l Sksw Kurt
Shspiro-Wll(s Tsst indicat3s not}normal distdbution O <= 0.06) 0.6E(xl9 0.916 -0.076 -l 698

Treatments vs D-Control

Page 1 TorCalc v5.0.32 Reviewed by:_
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Sample Chemistries
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Chronic \ilhole Efilluent Toxicity Chemical Result Report

October 28, 201I

CUSTOMER NAI}TE:
Utah Arnerican- Crandall Canyon Mine (Accelerated Test #3)
Attn: Dana Morrelli
194 North 100 West
Huntington, Utah 84528

SAMPLE DESCRIPTION:
Chemistries to go with Chronic Toxicity Test sampled on 10,'03i201 I .

Test Results

Repl. I Repl.2 Repl.3

8490 NA NA

Total Hardness, Recon (EPA 130.2), mg/L

Total Hardness, Effluent (EPA 130.2), mg/L

Ammoni4 Efflucnt (EPA 350J/350.3), mg/L

Initial Chlorine Residual {EPA 330.5), mg/L

Final Chlorine Residual (EPA 330.5), mglL

Conductivity, Effluent {EPA | 20.1 }, umhos/cm

Alkalinity, Effluent (EPA 310.l), mg/L CaCOt

Recon Initial pH (EPA 150.1)

After 24 houn pH (EPA 150.1)

l00o/o Initial pH (EPA 150.1)

100% After 24 hours pH (EPA 150. I

t76

472

0.43

<0.05

N/A

970

382

8.45

8.27

7.71

7.El

{'/Lee Rawlines. Lab Director
6 Ennirorr**tit t t*{f'qg+-*Fi:q r'-rEt

i;[s 0 1 2013

Div. of 0'l' Ga*i a hlinrilJ
Page4 of ll



Quality Control Charts
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Div. of Cii, Gas & Minlng

Reference Toxicant Control Chart
Chronic Fathead Minnow LC50

Ut
T

rt
I
I
I
I
I
fI
I
I
I
I
I
I
I
I
I
I
-
-JI
l
I
I
I
It
I
I
I
I
I
II
I
I
l-

--rt
I

-tJo
z,
J
E
h
F{

i- LC50

-[ye 
41.26

- 
ucL 47.20

-LCL 
35.33

INCCIfiI]{JRATED

tEB 0 1 ?013

-""t."---rJ"*,fo"ft.",l"of*tsr.d}*-nf .f

October 2011



ry

@

@

m

rt
&
s
@

&
W

&
@

@

@

ffi
@

ffi
F
@

ffi
f\
W

#.^
Effifl

ffi
@

&
@

&
@

@

@

@

@

@

ffi
@

s
@

@
*il.'-

-
w
@

@

o
IEz
J
E
h
FI

3s.00

33.00

31.00
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21.00

19.00
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Reference Toxicant Control Chart
Chronic Fathead Minnow lC25

ff lc25
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31.40
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Reference Toxicant Control Chart
Chronic Ceriodaphnia LC50
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Chain of Custody

J

It

-)
I
f
I
I
II
I
D
I
D
D
l
I
I
I
]
-.
J

I
I
D
l
t
l
ltI
I
I
)
I
It
I
aLrt
l

lNcoRPcnpSED

FEB $ 1 2013

Div. of Oii' uas &' Miniilt



J

l

l

Chain of Castody Record

Cusromer: JIfAU AMERI fAN sampler: l)nNA MlppFt Ll
Sample Date: lfi - fll' _ I1 hojecil Cg,{NDAL L

Sample # Date Time Composite/Grab I.ocation Analysis Requested

I lil -7,-ll 4; r0 iIRAB flrtrunnlL ffiL

le Information

Received

+r. J
ime l?4frrll Z ,tAtt Itr*

inquishfl by: Date/Time
p/E fi,

SamFle 
"Win 

Lab by

)

]

1

Temperaftrre Received in the Lab:

W.E.T. lnc. Use On
Receiving Water:

Arrivcd in Shjpping
Contain*tYlN
s""r"a$y'lX I r*r,c,

Sufficicnt Quenrity
Sarnplc?

YcsK
No

Cooler Wct lcc_
anctcc-]
None T -

Brokcn, Damrgcd or
Lc*ing?

Ycs
NoT

Hand Delrvcry .{
W-E..T. lnc Courirr_
Shippcd

Corrccl Containcrs Usodr
Yes Y

-
No

STplo. _^ COC and t-abcts HoldingTime Mn
Custodlscals UscdV/N Mach? pO fror,ntrnun[/N/NA yes_ts_ 

If :I
sufficicnteuantityof *u* * ,"rnlJ.****T;*ff p':L t=rnffiHl?#No_ No _

WET Inc. Pag" ll of 12 March 20i,I
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Utah American

Crandall Canyon Mine

Toxicity Identification Evaluation- 10103 /20 I I

Phase II- Toxicity Identification

By: Water & Environmental Testing, Inc

F'ebruary 15"r 2012
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W.E.T. Inc.
watu f,r/vbontnattat Tatins he. 23s we 400 south, Am2ricrn For},, urah uN3 (80t) 7lt:!!6ll-F#!W4 1!!-9!!!!-

February lo'h, 2012

Dana Monelli
Crandall Canyon Mine
194 North 100 West
HuntingtorL Utah 84528

re: Summary Report for Phase II Toxicity Identification Evaluation on the Crandall Canyon Mine

Erecutive Summery

Included in the executive summary are the higtrlights of the Phase II testing completed on the

samples collected starting 10/03201l. Actual copies ofeach test and the associated data reducrion

have been included in the data scction ofthis report.

Sumnary of Phase II Testing

Second Baseline Tcgt

A second basetine test was set up to see ifthe toxicity was still present and to be used as the confol
for the chemical precipitation test. The results ofthis tests gave a IC25 of 57.3qi'. similsr to the first
baseline test. This tells us that the toxicity is still present and active in the sample. making it a good

conEol to comparc results with the chemical precipitation test.

Chemicel Precipitetion Test

In ihe initial test and first baseline test it was noted by the technicians that a gritty film developed

below the waterline in the test chambers during each 24 test period between renewals- especially in
the l(X)% dilution. This grit can be seen after pouring out the water and allowing the inside ofthe
cup to dry. I have taken pictrnes of several of the cups showing the solids that have developed and

included them in the appendix A.

The chemical precipitation test was designed to use a chemical base to increase precipitation and

rapidly complete the precipitation process. This was done by first raising the pH of the sample to
1l.23 using concentrated sodium hydroxidc. High pH initiates the formstion of calcium carbonate

molecules, combining the hardness and alkalinity, creating solids large enough to settle out of
solution. Under these conditions some metals will form metal hydroxide solids and also precipitate

out of solution. Next the sample was mixed for I5 minutes on a stir plate then removed from the stir
plate and allowed to stand for 30 minutes. After settling for 30 minutes the supemate was poured off
leaving about 20 mls of solution containing solids in the bottom of the beaker. This solution was

died at room temperature and the solids submitted for metals analysis to see whar if any metals were



removed from solution in the precipitation process. Approximately 2,5 grams of dried solids \\ere

produced in this process? a picture of the died solids has also been included in appendix A. The

chemistries before and after treatment are shoun in Table I.

Table 1

The supemate was then adjusted back the pH 7.85 using concentrated hydrochloric acid.

Concentrated forms of the acid and base were used to minimize dilution of the sample. The adjusted

solution was tested alongside the second baseline test to see how the procedure affected toxicity.

The results of the chronic ceriodaphnia test showed no toxicity in the chemical precipitation sample.

producing 33.7 young/adult in the control and 32.5 in the I00% dilution. The technicians did not

notice any solids or grit forming on the inside of the test chambers in the chemical precipitation test.

Natural Precipitation Test

After seeing the results of the chemical precipitation test which was successful in removing toxiciry.
the question was raised if the sample was allowed to stand would precipitation occur on its oun and

when the sample came to equilibrium would the toxicrty be removed in the process. If this process

was allowed to occur over an extended time and successfully remove the toxicity. this u'ould suggest

that extending the holding time of the treated water before discharge could be a viable way to remove

toxicity.

The sample was prepared by filling a2, I liter beakers with sample that had been warmed to 20

degree Celsius. A magnet was added and the beakers placed on a stir plate and stirred slowly for 24

hours. After 24 hours the stirrer was turned offand the sample was allowed to stand for 30 minutes.

The supemate was then poured offinto a sample storage bottle and placed in the fridge until needed.

Chemistries forthis sample are shown in Table 1, and pictures of the beakers are in Appendix A. A
new baseline test was nrn alongside this test using the same series 25, 50 and 100%.

Observations from sample preparation had white flakes floating on the surface of the sample after ?4

hours and white solids sticking to the inside of the glass beaker, The supernate was clear and during

the test no solids formed on the sides of the test chamber. However, toxicity was still present in the

natural precipitation sample with data from the test estimating an IC25 of 27 .29 o, similar to the

baseline test at 32.5%. The results from this test suggest that24 hours is not long enough for the

precipitation to happen and for the sample to come to a stable state. The test should be repeated if
needed as part ofphase 3.

Metals

The EDTA tests from phase I indicated the possibility toxicity from the presence of metals. Aliquots

E:[*t 0 1 ZU13

Sample Hardness mgll Alkalinity
mg&

Conductivity
umhos/cm2

Ammonia
mg/L

lnitial Sample 472 382 970 0.43

Chemical Precipitation 100 270 1,946 0.54

Natural Precipitation 4r2 304 870 not anlayzed



of the sample was sent out to Chemtech-Ford for analysis using 20A.7'200.8 to give the lou'est

possible detection limits. The thirteen most common metals were analyzed and the results are shoun

in Table 2. None of the metals tested were at a level high enough to be considered the cause of the

toxicity, nor is any combination close to the toxic limits.

Iron (ferric chloride) and Aluminum (alum) representing the metals portion of the tu'o coagulants

and/or flocculents used at the mine were analyzed to check if unreacted chemical(s) \\ere present in

the sample and perhaps contributing to the continued precipitation seen during the testing process.

Both of these metals were undetectable at the method MDL in the dissolved portion'*hich suggests

what little of the metals is present in the sample is attached to molecules large enough to be filtered

out.

Metals Analysis in Chemically Induced Precipitate

The solids formed in the precipitation test were dried at room temperatwe and delivered to the lab

for analysis of the same l3 metals. The results are shown in Column 4 of Table 2. The metals

concentrations of the dried solids have large portions of aluminum and iron showing that these

metals were removed from solution by the chemical precipitation process.

-. Table 2

Metals Total Metals
mg/L

(liquid)

Dissolved lVletals
mg/L

(liquid)

Metals in Chemical
Precipitate
mg/kg rvet

(solid)

Aluminum 0.09 <0.05 4,220

Arsenic <0.0005 5.74

Cadmium <0.0005 <0.50

Chromium 0.0027 <0.50

Copper <0.0010 0.0017 0.529

Iron 0.03 <0.02 1.750

Lead <0.0005 1,77

Mercury <0.0002 <0.06

Molybdenrrn <0.0014 0.43

Nickel 0.0160 15.8

Selenium 0.0005 3.47

Silver <0.0005 <0.50

Zinc <0.01 2.92

Conclusions



J

I It appears that the most likely scenario for the toxicity seen in this sample is the test organisms are

being subjected to an environment where solids are forming and precipitating from solution. This
process adds stress to the organisms which results in increased mortality and lorver reproduction.
The mechanism allowing the EDTA to remove toxicity in the Phase I tests must be one where the

EDTA combines with the calcium and magnesium in solution interfering with solids formation.

The chemical precipitation test was able to remove toxicity demonstrating that if the precipitation
process was completed the organisms are able to produce normal reproduction totals as compared to
the control. The ongoing precipitation is most likely due to either a residual of ferric chloride. an

excess of coagulant in the sample or the reaction of the coagulant initiating the hardness alkalinity
precipitation process which extends over time into the testing period.

Recommendations for Phase III Toxicity Etimination

Back in July when the first toxicity was found an on-site review of the treatment process shor,red a

recent change of coagulant used from alum to ferric chloride. As ferric chloride is known to be an

initant it was reconmended that they change back to alum which is much less of an irritant than
ferric chloride. This recofirmendation was accepted and the chemicals changed back sometime in
August. Following the change back to alum toxicity was found again in the September test u-here

the cause was thought to be residual ferric chloride in the system and that with time the s1'stem

would flush the residual out. A second failure in October initiated this Toxicity Identification
Evaluation.

The routine testing for the fourth quarter passed for both the Ceriodaphnia and Fathead Minnorvs
suggesting that the system is now clean or clean enough to pass the chronic toxicity requirements of
the permit. In the fourth quarter test there were still some solids formation on the inside of the test
chambers but not enough to cause the test to fail. The permit requires the IC25 to be higher than
65.5% and the result for the chronic ceriodaphnia portion of the test was 80.970 o.

The fourth quarter test passing suggests that activities taken at the mine have got the situation under
control and I do not recommend any additional work be done as part of Phase III at this time. Should
the problem retum several possible treatrnents have become evident through this TIE process. The
first being to closely monitor the volumes of coagulant and flocculent added. The second uould be

to extend the time following chemical treatment to allow complete stabilization to occur. Extending
the length of time would require a bigger pond or adding a secondary stabilization pond.

If you have any questions or need any additional information please feel free to give me a call at 801-
763-0660, or on my cell phone at 801-360-5438.

Sincerely,

#t#3
Water & Environmental Testing, Inc ;:tiru il 1 2Ul3
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: Chronic ToxicilY Testing
: Calodophnia

I cr3tomcr tD: Utah AmcricaF Crandall Canyon Minc TIE Phas€ 2- Bascline Test #2

VTIE 3.mple nrdc by compositing srmpl.s collcc'aed: I 2/l 820 I I
:
-' Anrlyscr ltates/Iimes Bcginning lZl820ll 6:00 o.rn Endin&l462qlE gg p.m- IC25 Esrimrtcd from T35l: j4g

)-. p;|or;on t"",." H.nqr6r: Moderately Hard Synthetic Frcsh water Approx, 200 mg/L. Orgrnism Age: -Gd@p!@bb-<LI4!!

Sample ID

Ceriodaphnia
Rcplicatcs- Totel ltumbcr of Youug Produted in Thrcc Broods 1"D" : dead)

A B C D E F Meen#Produced %LethalitY

Control 31 35 28 ?0 l5 27.5 0oo

25 33 30 t4 l8 l2 22.0 0oo

s0.0% r6 36 20 ?t ?q )1 24.0 0oo

100% ll 8D ]D 7D 5D 6.7 670 o

Physical Data - Control

Day0 Dayl Dey2 Day3 Day4 Day$ Day6 DeyT DayS

IIO New/Old

Temp New/Old

Ph New/Old

7.7 7.9!7.6 7.6/7 .t 7.3,'7.5 7.3'7.1 7 .4 7.4 1.3 'l .l 7.4 7.t 7.3

25.0 25.0/24.0 25.0i24.0 25.0i24.0 25.0,'24.0 25.0 24.0 25.0 24.0 25.0 24.0 2+.0

8.28 8. t4/8.35 L l l/8.3 r 8.52/8.54 8.34/8.s0 8.47',8.53 8.43 8.44 8.30 8.'14 8.38

IDO New/Old

--' Temp Newlold

Ph New/Old

8.6

25.0

8.26

8.0/7.6

25.0t74.0

?.98/8.46

8.0i7.3

25.0/24.0

7.99i8.40

Physical Data-25o/o

7 .517 .4 7 .417.1

25.0n4.0 25.0/24.0

8.26/8.54 8. r 4/8.54

7.6 7.4 7.3 7.0 7.6

25.0',24.0 25.0 24.0 24.0

L 19 8.44 8.2I 8.46 8.4 |

7.8',7.4

25.0'24.0

8.26 8.s2

DO Ne#Old

Temp New/Old

Ph New/Old

8.2t7.7

25.0n4.0

7.8818.43

7.7t7.4

2s.0124.0

7.88/8.37

8.7

25.0

8.r6

Physical Data - 50%

7.917.5 7.717.3

25.0/24.0 25.0',24.0

8.14/8.48 8.04/8.48

8.1 7.3 7.6 7.6

25.0'24.0 25.0 24.0

8.12 8.45 8.06 8.37

7.4 7.3

25.0 24.0

8.14 8.4 |

7.7

24.0

8.40

DO New/Old

Temp New/Old

Ph New/Old

8.9'7.7

25.0/24.0

7.84!8.26

8.3',7.5

25.0i24.0

7.85',8.26

9.1

25.0

8.04

Physical Data - 100%

8.2t7.8 8.2,'7.4

25.0/24.0 25.0'24.0

8.01/8.36 7.90' 8.34

8.4 7.7 7.5 7.4

2s.0 24.0 25.0 24.0

7.94 8.23 8.02 8.29

8.6 7.3

25.0 24.0

7.99 8.31

7.7

24.0

8.31

, Comrnents: Somc fipc solids formed on $e surfac€ ofthc l00o/o on davs 3 & 4. with sit formine on the inside ofthe test ch.mbcr on most

drvs
LC50 estimated at 84.loo

i-L$ t] t Z[13
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ffiffi
L End Date: 1?126t2O11 1

-Cgph6e2cc 

Sample lD: CnandallCanyon

L End Date: 1?fi6n011 18:fi1 Lab lD: WET Inc Sample Type: EFF2-lndustrial

I Sample Date: Protocol: EPAF 94-EPArE00/+g1tU02 Test Species: CD-Cedodaphnia dubia

F Comments.
w.':Conc-%123156
E D{onfrd t.qm l.dxro 1.qr00 t.o(xp l.qno l.(xm
b 25 l.(Xm 1.qlt0 l.(Fm l.0(XIl l.Om0 1.0m0E 5{r t.(xxto i.qno l.o(n 1.qn0 l.qm l.(xno

E roo r.ooo t.qm o.qxD o.txxxl o.qxro 0.ut00

@
at
l9

l -#i 
'Iffi:rb06: 2s i.qm r.tnm o 6 o 6 l.qxP 0.0600 o o

P so 1.oooo i.mm o 6 6 6 |.txro o.(Hxl o 6

E .1OO 0.3:133 0.3:t3t' 1 2 6 6 o.(x!(x! o.(Fcx) 1 I
E
Gt-
D
A rlrpc'0r!.b To.t ll.irll, 0.051 I{OEC I.oEC ChV TL
t Fillr/r EE I Tec 5{l l0O 7O.71O7 2

ffi
& Trimmed
&# Trim Level EC50 95% CL
a- 0.09t
r 5.096
t- ,..ffi
ft 20-0%
ibv Auto-33.3% &{.0s} 62.286 113.525 0'e

s 0.8

r. 0-7
W
F.l E 

o'
\! 

8,0-56\o*/ E 0_4

f..T\{y 0.3

...f.l} 0.2ri/
4 o'1icg
Fr 0.0qg

@toJ*'*
@

@

@
o
@
@

ReffiuSvl Z0l3Page 1 ToxCalc v5.0.32
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Start
End IEnd Date:
Sample Dal

CommentE:

a1
1.2nil2l11 18:00 Lab lD: WET lnc

eet-7
ID:

Sample Type: EFF2-lndustrial
CD-CeriodaPhnia dubiaProtocol: EPAF 9+EPA/S00/+91/002 Test Species:

liiCC;1 '1.'iA'iID

FtB 0 I Z0l3

Div. of C;1, Gm a i'ii.i,il;
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End Date: 1U26n01l 18:00 Lab lD: WET Inc Sample Type: EFF2-lndustrial
Sample Date:
Comments:

Protocol: EPAF9+EPA/60O1+91|OOZ TestSpecies. CD-Ceriodaphniadubia

Conc-%

25 25.000 3it.qro 30.m0 14.000 18.d)0 12.000
50 16.000 36.000 20.000 2r.oo0 29.dD 22.000

100 6.000 11.000 8.000 1.qr0 7.000 5.000

Transform : Untransformed I-Tailed lsotonic
t-Stat Critical MSD Mean ill-lllleanConc-% Mean N-Mean Mean Min illax CWA

D-Control 27.500 1.0000 27.500
25 22.000 0.8000 22.000
50 24.000 0.8727 24.000*100 6.667 0.2424 6.667

15.000 36.000 30.576
12.000 33.000 39.312
16.000 36.000 30.162
1.000 11.000 50.794

6
6
6
6

1.317 2.190
0.838 2.190
4.988 2.1s0

27.500 1.0000
9.148 2s.000 0.8344
9.148 23,000 0.83e4
9.148 6,667 4.2424

Bartlett's Test indicates variances (p = 0. 3.96718 11.3449
NOEC LOEC TU illSDu MSB MSE F-Prob df

Dunnett's Test
Treatments vs D-Control

52.3417 3.7E-04 3.20

Linear InbDohdon (200 R.3amplsr,
Point t6 SD 95t6 CL(Erpl Skew
rc05. 7.639 17.490 't.187 76.806 1.2003
lc10*
1c15.
tc20
tc25

:. tc4o
tc50

15.278 18.536 2.375 78.616 0.6804
22.917 19.261 3.562 80.424 0,1494 1.0

53.061 18.720 0.000 70.979 -0.3274
57.270 17.038 0.000 74.594 -CI.8736
69.898 6.726 44.187 85.660 -0.2097 0.8

78.316 5.655 5s.323 93.019 0.0332
* indicates lC estimate less than the lowest concentration

0.3

0.2

0.1

0.0

0.9

0.7

Eo'
R05
Q

# 0-4

10050

Dose %

r-L- $ 't 2013

Aulillary Tests Statbdc Crilicel Skew Kurt
Shapirowilk's Test indicat$ normal distribution (p > 0.05) 0.97846 0.916 0.02'156 -0.805

Page 1 ToxCale v5.0.32 Reviewed by:_



Date: 1U18E:O11 18:00 Test lD:
End Date: fin6n011 18:00 Lab lD: WET lnc Sample Type:
Sample Date: Protocol: EPAF 94-EPA/600/+91/O02 Test Species:
Comments:

Crandall Canyon Phase ll
EFF2-lndustrial
CD-Ceriodaphnia dubia

Dose-Reeponse Plot
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i:[B 0 1 Z0l3

Div. af ilil, G;s ti, f'tiiring

1*tai|, 0.05 level
of significance
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^Cu omer ID: Utah American- Crandall Canyon Mine TIE Phasc 2- Chemical Prrcipitation Tesl

VnE srnplc nrde by compositing s.nplcs collcctcd: l2l18/201I
;.
, ' Anrlyscs Drtcs/Timcs Beginning l2ll8l20l I 5:15 p.m Endingl4@ql!-]88@ lC25 Estlmttcd from Test -:lo!|:s

Diludon wrtcr Herdncrs: Modcratcly Hard Synthctic Fresh Watcr Approx. 200 mg/L. Organlsm Age: ..legigdgpbigdgb.ig- j-Ei@
Ceriodaphnia

Rrplicrtc- Total Numbrr of Young Produccd in Thrtc Broods 1"D" = deed)

Sample ID A B c D E F Mean#Produced %LethalitY

Chronic Toxicity Testing
Ceriodanhnia

Control 32 32 3239 34 JJ 33.7 0o,b

25.0Vo 0n:'o36JJ36 JJ 36 JJ 34.5

s0.0% 0*t o3l 3l 32 30 38 23 30.8

100% 30JJ 35 35 3l 3l 32.5 0':o

Physical Data - Control

Day 0 Day I Day 2 Dey 3 Day 4 Day 5 Day 6 Day 7 Dar I

DO New/Old

Temp Newl0ld

Ph New/Old

?.8 7.6t7.7 7.4/7.4 7.5',7.7 7.37.3 7.77.4 7.1 7.1

2s.0 25.0/24.0 25.0t24.CI 25.0/24.0 25.0',24.0 25.0 24.0 25.0 24.0

8.3r 8.15/8.35 8.08/8.37 8.5r/8.59 8.30/8.58 8.45 8.59 8.41 8.47

7.3 7.1

2s.0 24.0

8.30 8.46

7.7

2J"0

8.39

^-.

-O 
New/Old

-: Temp New/Old

Ph New/Old

7.5t7.7 7.6t7.3

25.0t24.0 25.0/24.0

8.07/8.41 8.01/7.40

Physical Data- 25Yo

7.7t7.5 7 .417.2

25.0t24.0 25.0124.0

8.39/8.61 8.20/8.57

7.8',7.4 7.5 7 .5

25.0 24.0 25.0 24.0

8.32,8.58 8.31 8.52

8.0

2s.0

8.r6

7.I 7.0

25.0 24.0

8.3l 8.51

7.1

2+.0

8.41

DO New/Old

Temp New/Old

Ph New/Old

7.5t7.6 7.6t7.4

25.0t24.0 25.0/24.0

8.01/8.49 8.00/8.39

Physical Data - 507o

7.917.4 7.7t7 .l

25.0t24.0 25.0/24.0

8.2619.64 8.15'8.59

8.3 7.3 7.6 7.7

25.0 24.0 25.0 24.0

8.2s 8.63 8.23 8.55

8.2

25.0

8.04

7.2 7.0

25.0 24.0

8.30 8.55

7.6

24.0

8.44

DO Ne#Old

Temp New/Old

Ph New/Old

8.4i7.6 8.2t7.5

25.0n4.0 25.0t24.0

7.98/8.60 8.00/?.s5

Physical Data - 100%

8.T7.5 7.9',7.2

25.0/24.0 25.0;24.0

8.13/8.71 Ll t',8.64

8.4'7.5 8.3 7.7

25.0'24.0 25.0 24.0

8.r6',8.70 8.10 8.62

8.5

25.0

7.94

7.2 7.1

25.0 24.0

8.36 8.65

1.7

2-r.0

8.56

''.*iComments:

-i Preoaration of the sample- Sodium hydroxide was added to a I liter aliquot of samole to raise the oH to I I .38 to

] initiate calcium carbonate orecioitation. The solution was mixed for I 5 minutes on a stir olate then allored to stand
.r 30 minules for the solids to settle out of solution. After 30 minutes the supernate was poured off and adj usted back to

the oriqinal oH using hydrochloric acid. The orepared samole was then tested alonqside the orisinal samole to see if
the toxi

,jj iJ 1 zti13

No solids formed on either the surface or on the sides of the test chambers-



I
-

Start Date:
End Date:
Sample Date:
Comments:

1A18nO11 18:15
1A26n011 18:00

Ceri
est lD:

Lab lD:
Protocol:

a Survivaland

WET lnc
EPAF 9+ EPA/600/+g 1 /002

Crandall Canyon Phase ll chronic
EFF2-lndustrial
CD-Ceriodaphnia dubia

Sample Type:
Test Species:

Conc-%123456
D.control 9.000 39.000 32.000 32.m0 34.m0 $.000

2s 36.000 33.000 36.000 33,000 36.000 33,000
50 31.000 31.000 32.000 30.000 38.000 23.000

100 33.000 35.000 30.000 35.000 31.000 31.000

Conc-% iiean H-Mean Mean Min Max CV% H Sum Critical Mean N-S/lean

25 34.500 1.0248 34.500 33.000 36.000 4.763 6
50 30.833 0.9158 30.833 23.000 38.000 15.543 6

100 32.500 0.9653 32.500 30.000 35.000 6.671 6

46.50 26.00
27.50 26.00
34 50 26.00

34.083 1.0000
31.667 0.9291
31.667 0.9291

0.07038 2 73836Shapiro-Wilk's Test indicates ution (P <= 0.05) 0.9047
6.010s1

0.s16
11.3449Bartlett's Test indicates l variances (p = 0.11

is Test {1-tail, 0.0 NOEC
s Many-One Rank Test 100 >100

Treatments vs D-ControlI
- tc10

tc15
rc20
rc25
1C40

lc50

>100
>100
>100
>100
>100
>100

Polnt % SD 95% CL(Epl Skflffi
{200 Resamples}

1.0

0.9

0.8

0.7

0.6

0.s

0.4

0.3

o.2

0.1

0.0

4.1

oo
tr
o
CL
]Do
E,

10050

Dose %

150

fr 1 2013

Page 1 ToxCalc v5.0.32 Reviewed by



|.ab lD: WET lnc $ample Type:
Protocol: EPAF 9+EPA/600/+91 IWZ Test Species:

{i,lt *;'j;*:1,'\Ti:D

r"[t 0 I z0l3

tj;/, sl L'ri, {.:res & |',{ining

EFFZ-lndustrial
CD-Ceriodaphnia dubia

Date: IAffiEAl1 18:15 Test
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Chronic Toxicily Testing
,' Cedodaphnia

- Custom.r lD: Utth Amcrican- Crlndall Canyon Mine TIE Pha.sc 2- Bas€line #3 Test

VflE sanple nodc by compmiting nmplcs collccted: ln8l20l2
: 

Anrlyrc Datcs/Times Bcginning lDSEOlz 5230 n.m Ending 2@gl2l4l-p.nq- lC25 Estimt.d from Tcst .i41&

: Dilutioo W"t"r H"tdn*t Mod.t t ly Hod Sn$

: CcriodaPhnir- _. _
RcDlL.r..- Tor.l NoDb.r olYomg Produ..d ir Thr!! Eroodr ("D" - d.rdl

r SemplelD A B C D E F Mean#Produced Tolethality

Control 41 41 38 39 39 39.338 0oo

34 37 32 35 24 3l,8 0oo

50.0% 22 20 30 28 t9 24.4 0oo

1009/" 15 t8 lOD 15 8D 12.0 330 o

Physicel Data - Control

Day 0 Day I Day 2 llay 3 Day 4 Day 5 Day 6 Day 7

DO New/Old

Temp New/Old

Ph New/Old

s.0 7.217.3 7.617.6 'r.817.4 8-0 7.9 7.1 7.0

25.0 25.An5.2 25.0125.2 25.0175.4 2s.0'25.2 25.0 25.4

E.34 7 .96,!8.2t E.3l ',E.34 8.17'8.30 8.29 8.31 8.3 I '8.36

7.4 6.8

25.0 25.0

8.25 8.29

6.6

25.2

8.r8

-

Physical Data- 25s/o

8.1'7.4 7.8',7.4

25.0,'25.2 25.0:25.4

8.20i8.47 8.27 8.45

7.5'1.0 7.5 6.7

7s.0 2s.4 25.0 25.0

8.29 8.48 8.23 8.40

6.7

25.2

8.3 |

DO New/Old

Temp New/Old

Ph New/Old

7.3,'7.3

25.0!25.2

Ll5,'8.35

7.9

25.0

8.25

Ll'7.9

25.0 25.2

8.30'8.41

DO New/Old

Temp New/Old

Ph New/Old

8.2

25.0

8.21

7.8i7.3

25.0t25.2

8.15/8.45

Physical Data - 507o

8.3'7.4 7.9',7.4

25.0/25.2 25.0;25.4

8.19i8.55 8.24/8"52

8. r '7.8

25.0,',25.2

8.29'8.50

7.8 7.0

25.0 25.4

8.3 t 8.54

'7.6 6.t

25.0 25.0

8.2 | 8.50

6.7

25.2

8.43

DO New/Old

Temp New/Old

Ph New/OId

7.6t7.2

25.0n5.2

8.l s/8.2 r

8.7

25.0

8.21

Physical Data - t00%

8.1'7.5 7.8i7.5 8.2',7.8

2s.0ns.2 25.0!2s.4 25.0'25.2

8.09/8.35 8.22',8.35 8.27 8.35

7.8 7.0 7.7 6.8

25.A',25.4 25.0 25.0

8.25 8.35 Ll8 8.34

6.9

25.2

8.25

i comments:
*,'davs.

LC50 estimated at 'l00oo

't;i] il 1 Z0t3



Stail Date:
End Date:
Sample Date:
Comments:

1 217:35
A4n41218:00

Test lD:
Lab lD:
Protocol:

and roduction T
CCTIEPz
WET Inc
EPAF 9+EPA/600/+gl /002

uction

EFF2-lndustrial
CD-Ceriodaphnia dubia

llTlE P2 base 3 chronic ceroSample lD:

Sample Type:
Test Species:

Conc-%
D-Control

25
50

100

4 5

38.000
29.000
25.000

6.000

41.000
34.000
?2.000
15.000

41.000
37.000
20.000
18.000

38.000
32.000
30.000
10.000

39.000
35.000
28.000
15.000

.000
24.000
19.000
8.000

ffi 1-Talbd botonlc

39.333 1.0000 39.333 38.000 41.000 3.474 6
'25 31.833 0.8093 31.833 24.000 37.000 14.790 6*50 24.000 0.6102 24.000 19.000 30.000 18.447 6

*100 12.000 0.3051 12.000 6.000 18.000 39.087 6

39.333 1.0000
3.207 2.190 5.122 31.833 0.8093
6,556 2.190 5.122 24.000 0.6102

11.687 2.190 5.122 12.000 0-3051

esb $tatistic kew Kurt
Test normal 0.97631 0.916

11.3449
(p > 0.05) -0.2228 -0.6163

Bartlett's Test indicates vaflances 6.47004
df

Dunnett's Test
Treatments vs D-Control

<25 1 818.597 16.4083 1.8E-09 3, 20

Linear lnterpolation (200 Resamples)
Polnt jt SO 95* CUEIpI Skfl

0.1

I
-

lc10*
lc15*
1C20

1C25

lc40
lc50

13.111 3.695 6.454 26.378 0.6670
19.667 4.713 9.682 33.?'22 0.1379 1.0

2J1J:L 4.s70 12.935 38.e56 -0.1324
(32.1gt7) g.Z+g 16.302 44.5y -0"3038 0's

ffif s.841 40.1 10 67.772 o.3oz9 o.B

68.056 5.496 51.408 82.786 -0.1805
* indicates lC estimate less than the lowest concentration

0.3

o.2

0.1

0.0

0.7

E 
ou

g 0-5
a
# 0.4

Dose %

t $ 1 2il13
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ffi
ffi
ffib Stail Date: ff28f2fr1217:35 Test lD: CCTIEPZ Sample lD:

- enO Date: U4nAE 18:f1 Lab lD: WET Inc Sample Type:

- 
Sample DatE: Prutocol: EPAF 9+EPAI600/+91/002 Test Species:

F CommenE:
H6t flose-ResnonEe Plot

3 chronic cero
EFF2-lndustrial
Ct}'Cedodaphnia dubia

@

1-tai|, 0.05 level
of signiftcance
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Chronic Toxicily Testing
C.dod.Phnla

-Clstomcr 
lD: Utah American- Crsndall Cuyon Mine TIE Phase 2- Naturgl Pr€ciPiittion

lIE samph made by compmiting samplc! coll.ctld: l28l20l2

^, Andyscs DatcdTincs Beginning 1282012 5:35t.m Ending 242012 5:00 p.m lC25 Estinrtcd from Test 27.l5oo

-: Dilutlo! w.rer 8!4!!!q: Moderatcly Hard svnlhetic F esh waEr AF

Sample ID

Ceriodaphnia
Replicetcs- Total Numbtr of l'ouag Produccd in Three Broods ("Dr' = deld)

A B C D E F Mean#Produced %LethalitY

Control 36 4l 39 37 39 39 38.5 0oo

25.0o/o 26 35 3422 36 26 29.8 0oo

50.0ol" l3 l8 29 lgD l5Dl8 18.7 33o o

r00% 4D l6D ll IzD 5D 9.0 670 o

Physical Data'Control

I Dav 2 Day 3 Day 5 Dav 6 Day 74

DO New/Old

Temp Ne#Old

Ph New/Old

7.4!7.2

25.0,',25.2

8. 1 7',8.21

8.2'7.7

25.0 25.2

8.37 8.28

7.4 6.8

25.0 25.4

8.36 8.35

6.9 6.7

25.0 25.0

8.28 8.27

7.9

25.0

8.31

7.5',7.1 7.5',7.4

25.0,'25.2 25.0',25.4

8.30',8.35 8.34'8.30

6.7

25.2

8.r 7

DO New/Old

Temp Ne#Old

Ph New/Old

7.4!7 .2

25-0;25.2

8.17',8.30

7.8

25.0

8.27

Physical Data- 257o

7.6;7.2 7 .5'7 ,3

25.0,'25.2 25.0,',25.4

8.27',8.41 8.29 8.37

8.2 6.9 7.0 6.8

25.0 25.4 25.0 25.0

8.3 t 8.44 8.26 8.36

8.2 8.6

25.0'25.2

8.33 8.36

6.6

25.2

8.2E

IX) New/Old

Temp Ne#Old

Ph New/Old

7.3;7.2

25.O,25.2

8.19/8.40

7.6

25.0

8.30

Physical Data - 507o

7,7',7.1 7.7'7.4

25.0/25.2 25.0i25.4

8.27t8.48 8.32/8.45

7.5 6.8 'l.t 6.6

25.0'25.4 25.0 25.0

8.33 8.51 8.28 8.44

8.2 7.6

25.0 25.2

8.33 8.45

6.6

25.2

8.3 7

:

DO New/Old

Temp Ne#Old

Ph New/Old

7.0

25.0

8.25

Physical Data - I0{}%

6.9t7.1 7.8t7.t 7.717.4

25.0n5.2 25.012s.? 25.0n5.4

8. t 7/8.33 8.2218.s3 8.27i 8.55

8.3'7 .6 7.7 6.9

25.fi'.zs.2 25.0125.4

8.29'.8.55 8.30i 8.55

7.r 6.7

25.0 25.0

8.25 8.i3

6.8

25.2

8.45

; Comments: No fims fomed on the surface or srit on the inside of trc tcst chamber in tllc 100% corcenration.._i Le50!sr!!0![!d !t jLly_o
'-; Thc samolc was prtoartd bv first warming I liter ofsamole to 20 decrccs Celsius in a elass beaker. A stir bar was then addcd and thc

X sample olaccd on a stir plate and stirred at low slEed for 24 hours. The srmple was then allowcd lo stand for 30 minutes and the supematant

-,t solution porfi€d offinto a sampl€ storase container until n€€ded. This solution was then testcd usins standard EPA methods for chronic
+'' toxicitv usins cericdanhnia dubia.
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ffirD:ccrEP2 sa
End Dste: z1t20121a:oo Lab lD: WET Inc Sample TyPe: EFF2-lndustrial
Sample Date: Prolocol: EPAF 94-EPA/6(X +91002 Test Species: CD4eriodaphnia dubia
Comments:

Conc-%123456
D-Control 1 .0000 1,0000 1.0000 1 .0000 1.0000 1.0000

2s 1.0000 1.0000 1.0000 1 .0000 1 .0000 1.0000
50 1.0000 1.0000 1.0000 1 .0000 0.0000 0.0000

100 0.0000 1.0000 0.0000 1.0000 0.0000 0.0000

NumberTransform: Arcsin Square nopt_
N-Mean ResP

Total
Gonc-%

D-Control
25
50

100

1 .0000 1.0000 1.0472 1.0472 1.0472 0.000 6
1.0000 1.0000 1.0d.72 1.0472 1.0472 0.000 6
0.6667 0.6667 0.8727 0.5236 1.0F-7? 30-984 6
0.3333 0,3333 0.6981 0.5236 1.cd.72 38.730 6

100 10000 1E+06 1E+08

Dose %

Number

Jij ti 1 ZUl3

0
0
2
4

6
o
6

shadro-wlab Tast indicates non-nomal distibr.ition (p <4005) 0.89707 0.91 6 -1 E-l 5 0.2987
Eouafitv of variance cannot be confirmed

P.l?meter Value SE 95?l Fiducial Liirits Control Chl€q Ctitical P-value Mu Sigma lbr

Infsrcapt -2.* 3.1E474 {.7601 3.6981
TSCR
Point ProbiF olo 95% Fiducial LimiF
ECO1

EC05
EC10
ECl5
EC2O
EC25
EC40
EC50
EC60
EC75
EC80
EC85
EC90
ECgs
EC99

2.674 19.4761
3.355 28.703
3.718 35.2951
3.944 40.5782
4.158 45.3356
4.326 49.8591
4.747 63.3616
5.000 73.1877
5.253 84.5378
5.674 107.432
5.842 118.151
6 036 132.003
6.282 151,762
6.8+5 186.616
7.326 275.026

0.0205 36.1702
0.2753S 46.3517
1.07876 53.9412
2.66123 60.8519
5.34044 68-4007
9-44047 77.755
30.0569 141.742
44.3901 276.432
55.7347 634.132
70.7625 2898,83
76.263 5405.01

82.642S 11250.9
90.8105 28tr!94.7
103.539 113927
130.534 155il74

$ oo
tr
8.0 5

S o+t
03

1.0

0.9

0.8

0.?

0.2

0.1

0.0

..

..-

--
Paoe 1/-,, ToxCalc v5.0.32 Reviewed by:
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U4f201218:00 Lab lD: WET lnc EFF2-lndustrial

CD-Ceriodaphnia dubia
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1217.35 Test
A4nO12 18:00 Lab lD:

Protocol:

CCTIEP2
WET lnc
EPAF 94-EPA/600/4-91 /002

TIE P2 Nprecip chronic cero

End Date:
Sample Date'
Comments:

Sample Type:
Test Species:

EFF2-lndustrial
CD'Ceriodaphnia dubia

25
50

100

26.000
13.000
4.000

41_000
22.000
18.000
6.000

39.000
35.000
18.000
16.000

4
37.000
36.000
29.000
11.000

5
39.000
34.000
1s.000
12.000

39.000
26.000
15.000

5.000

Conc-% Mean N-ilean Mean
38.500

Max cv% N

E'

6
6
6

t€tat MSD
1.0000

3.152 2.190 6.022 29.833 0.774s
7.213 2.190 6022 18.667 0.4848

10.728 2.190 6.022 9.000 0 2338

D-Control
'25
'50

'100

38.500
29.833
18.667
9.000

36-000
22.000
13.000
4.000

41.000
36.000
2s.000
16.000

4.573
19.707
29.667
52.587

o.7749 29,833
0.4848 18,667
0.2338 9.000

Auxiliarv Tests
Shapiro-Wilk's Test indicates normal ution (p > 0.

Skew Kurt
0.47755 -0.1240.97531

5.90766
0.916

11.3449Bartlett's Test indicates equal varia nces = 0.12
Test (1-tail,0.

Dunnett's Test
Treatments vs D-Control

<25
TU llSDu TTISB MS

195 0.15641 995.444 22.6833
F-Prob
5.5E-09 ,20

-ttPotnt r sD 95% cL(Expt gk
- lcos. 5.553 1.824 2.705 12.508 1.6803

tc10*
lc15*
1c20"
rc25

11.106 3.523 s.410 25.016 1.3569
16.659 4.531 8.115 32.163 0.7124

4.574 10.820 34.210 0.2057
4.366 13.834 36.858 -0.0273
4.194 28.114 53.482 0.3846

48.694 5.900 38.984 71.568 0.8020
" indicates lC estimate less than the lowest concentration

1.0

0.9

0.8

o.7

0.3

4.2

0.1

0.0

lc40
lc50

s 06
tr
e05
th

# 0.4

Dose %

.--t il I i[i3:l
Page 1 ToxCalc v5.0.32 Reviewed by:
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Sample Type: EFFZ-Industrial

CD0eriodaphnia dubia
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End Dab:
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Comments:
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1-tail,0.05 level
of signiftcance
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LABORATORIES
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Certificate of Analysis

Aulyrk
IhtdTlmc

Anrll'st Amllricrl
lqftlrb ildhod CAS lio, Fl*CFrrrmclcr

Alrrminum, Dissolved

Aluminum,Tonl

Arscnic, Total

Cldmium- Total

Chromiurn, Totol

CopFcr, Dissolved

Copper. Tolal

lron, Dissolvcd

Iron, Total

tea4 Totrl

Mercrry', Total

Moll'bdcnum, Toul

Nictcl, Total

Sclcnium, Toul

Silver, Total

Zinc. Totel

ll/il0fi)ll l5:4?

ll/30f2011 l5:51

I l/23I?01 t l5:49

I l/23/201 I l5:49

trE3n0tl l5:49

I ll23/l0l I l5:a'6

I l/$n0l I l5 {9

il/30/20il 15 J7

il[}020il 15 5l

llr23noll 15..t9

il/15/20u t6 i0
wz3n0lr t5 49

ll/23tr01I l5 49

illl3/1011 15 49

I rE3aoll 15 49

il/3t}Jaoll 15 sl

EPA2m.7 ?,119-9s'5

EPAlm.T ?419-9&5

EPA 2m.8 7J40-38-2

EPA:00.8 7+10{3-9

EPA:m.8 7+-l0-t7-3

EPA 200.E 74+l-5'1-8

EPA 200.8 7.lJ+5G8

EPA:m7 7J39-89{

EPA 200 ? 7,139-89{

EPA 200.8 743+92-l

EPA245.r 7{39-976

EPA 100.t 7439-9t-?

EPA 200.8 ?J-te01-0

EPA 200.8 ?78349-2

EPA 2m 8 74{G22J

EPA200 7 7't{O'666

ND

0.0!)

ND

HD

0.tr2?

0.mt7

ND

ND

0.03

ND

ND

0.00r4

0.0160

0.m05

ND

ND

0.05

0.05

0.0005

0.mo5

0.0005

0 00t0

0.0010

0.02

0.02

0.000s

0.m02

0.0005

0.0005

0.{no5

0m05

0.01

tng/L

mg/L

mg/t-

mg/L

mg/L

mg/L

mg/L

mga

mg/L

mg/L

mg/L

mg/L

mg/L

mgL

mg/L

mg/L

PNM

PNM

MIB

MJB

M'B
M.|B

L{JB

PNM

PNM

M'B

AKL

HJB

MJB

MJB

MJB

PNM

flemo.' WET,Inc

SamPb SIb.' Gen TIE

Cotrmgrlr; 6cn EfflucNrt

$ampfe ffatfr.' Warr

Semple De!e.' I l/15/?01I 9.00 AM

F€ce$tltt!a.' ll/l5f20l | 2:(FPM

Srmplcr WEI Inc.

Pltqfrct

li!cGn::; tti,-=r
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CHEMTECH-FORD

LABORATORIES

Certificate of Analys is

Aor$sis
Ihtc/Timr

Anellrt Anelltkrl
lnithk lltcrbod CAS i\oi Fbs

B
ffi
s
ffi
&
ffiIt iit

I
ffir

s
@

@

@

@

ffi
@

@

@

@

@

@

@

@

@

@
&S#ffir.

--

-@
@

Prrrmrlcr

Aluminum, Tool

Arsenic, Total

Cadmium, Total

Chrornium, Toul

Copper, Total

lron.Tual

Lcad. Total

Mercury, Total

Moll'bdenum. Total

Nicktl, Total

Sclenium. Toul

Silver Total

Zinc. Total

4220

5.71

ND

ND

0.529

| 750

177

ND

0.43

r58

347

ND

292

10.0 mg/kg rnrt

5.00 mg/hg rvtt

0,500 mg/kg rru
0.500 mg/kg rtet

0.500 mg/ltg ntt
5.00 mgAg uct

5.00 mg/lig trtt
0.06 mgflig rrcr

l.0O mg/tg uet

0.500 mgAg utt
5.00 mglkg wet

0.500 mg/kg $tt
1.00 mg/lig uet

lE5E0l2 l7:I3

l/5f,O|2 l7:13

t/2s12012 l? l3

l/25D0ll l7:13

lE5l3011 l7:13

l/tJ/1012 l7:13

tEil2ot: l7't3

lESE0l? ll:00

l/2580r2 17 13

l/l5E0l2 l7:13

v]l.t20t2 17.13

12512013 l7:13

t/25nol2 l? li

PNM EPAdOIOB

PNM EP.TdOIOB

PHM EPA 60108

PNM EPA 6OIOB

PNM EPA6OIOB

PNbI EPA 60IOB

PNM EPA 6OIOB

AKL EPA 7"I7IA

PNM EPA 6OIOB

PT{M EPA6OIOB

PNM EPA6OIOB

PNt*t EPA 60108

PNlvl EPA60108

74t9-9S5

?.r4G3E-2

?.uGJ3-9

7+40--t7-3

7J-+GiS8

7439-89-6

7{i9-92-l

7,1i9-97-6

7439-98-7

7+le01-0

?78:-+ 'l
7{JS22J
7.1{o.ffi

ilame.' ITET,Inc.

Sample SI!e; Crandal CanYon

Comments,' Precipitate

Sample lietlx: As Received

Sample Date: nngn0ll ll:00Ah'l

RecelptDete.' l/lgn0l1 l:46 PM

SemPler Lee Rawlings

Proftct:

i;is 0 1 Z0l3
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Chronic Whole Eflluent Toxicity Chemical Result Report

October 28, 201I

CUSTOMER NAME:
Genwal Resources
Attn: Cary Gray
194 North 100 West
Huntington, utah 84528

SA,MPLE DESCRIPTION:
Chemistries to eo with Chronic Biomoni t 0/03/201 I

Analysis Chronic Ceriodaphnia

Repl. I Repl.2 RePl- 3

NA NA

Total Hardness, Recon (EPA 130.2), mg/L

Total Hardness, Effluent (EPA 130.2), mgll.

Ammoni4 Efiluent (EPA 350.U350-3), mgtu

Initial Chlorine Residual (EPA 330.5), mg/L

Final Chlorine Residual (EPA 330.5), mg/L

Conductivity, Effluent (EPA I20.1), umhos/cm

Afkalinity, Effluent (EPA 310.1), mglL CaCd

Recon Initial pH (EPA 150.1)

After24 hours pH (EPA 150.1)

10ff/o Initial pH (EPA 150.1)

l00o/o After 24 houn pH (EPA 150

r76

472

0.43

<0.05

N'A

970

3E2

835

8.27

7.71

7.81

Reviewed: Lee Rawlings. Lab Director
Water & Environmental Testing. Inc.
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Qnatity Control Charts
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Reference Toxicant Control Chart
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17.00

15.00

Reference Toxicant Control Chart
Chronic Fathead Minnow lC25
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Appendix A

This appendix contains pictures of various stages of the TIE test demonstrating the observations seen by

the analysts as they worked with the tests. This first picture shows the solids buildup in a Ceriodaphnia

test chamber which developed during the 24 hours between renewals.

The next picture shows a week long buildup in a fathead minnow test chamber.

',.-.'-.-:r
0 i 2tj13



This picture is of the filter which was used in the TIE Phase I filter test showing the solids removed from

the sample. This amount of solids came from filtering approximately 4 Liters of sample.

This picture shows the solids from the chemical precipitations test, approximately 2.5 grams of dried

solids taken from 1 liter of sample.

These next two pictures are of the beakers where the natural precipitation process was completed, the
supernate removed and the beakers being allowed to dry, again showing solids buildup.
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$IBR
creating solutions for today's environment

December 5, 2011

Dana Marrelli
UtahAmerican Energy, Inc.
West Ridge Mine
P.O. Box 910
East Carbon, UT 84520

RE: Crandall Canyon Macroinvertebrate Study

Dear Dana,

Enclosed is the bound copy of the Spring 20ll Macroinvertebrate Report for the Crandall Canyon Mine.
This is the same as the elecffonic copy that we sent earlier. We will begin work on the Fall20l1 report

once we receive the lab report.

Thank you for the opportunity to conduct this ongoing work. Feel free to contact me if you have any

questions or comments.

Regards,

Karla Knoop, Hydrologist

f BR Environmental [onsultants, Inr.

Corporate He adqu arte r s

Bl60 S. Highland Dr,

Sandy, Utah 84093

lpl 801.943,4]44

If ] 801.s42.1852 INcoRPoRATED
www,jbrenv,rom

FEB 0 l'20f3

Div. of Oil, Gas & Mining



Crandall Canyon Mine
M acroinvertebrate Study

Iuly 201-1-

Prepared for:
Genwal Resources, Inc.

Crandall Canyon Mine

P.O. BOX 910

East Carbon, Utah 84520

Prepared by:

f BR Environmental Consultants, Inc.

8160 S. Highland Drive,

Sandy, Utah 84093

801.943.4L44

December 5, 2011
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Crandall Canyon Mine
M acro i nverteb rate Study

Iuly 201 1

1.0 Introduction
On July L4, }OlL, JBR Environmental Consultants, Inc. {JBR) collected benthic

macroinvertebrate samples from Crandall Creek, which is located near Huntington, Utah. The

samples were collected both upstream and downstream of an underground coal mine operated

by Genwal Resources, Inc. (Genwal) and permitted by the Utah Division of Oil, Gas and Mining
(DOGM) through its coal mining program. The mine, known as the Crandall Canyon Mine, has

been idle for several years. However, intercepted groundwater continues to discharge from
the sealed portals and Crandall Creek is the receiving stream for the discharged water.

Beginning in the fall of 2009, JBR has sampled the creek's benthic macroinvertebrates twice
yearly to determine whether or not the mine discharge is affecting Crandall Creek's aquatic

community, and prepared biannual reports based upon the laboratory data (JBR 2010; JBR

ZOLLa; JBR 2011b). This report discusses the results from the July L4, lOtL sampling event.

After giving some relevant background information, it describes the data collection and analysis

methodology, provides the laboratory data, and discusses the study results to date.

1.1 Background
The Crandall Canyon Mine began discharging groundwater in late 1995, and did so more or less

continuously for 12 years. During operations, groundwater entering the underground mine had

to be collected and purnped to the surface to ensure safe working conditions. Except for some

passive in-mine settling, this groundwater was not treated prior to being released to Crandall

Creek. lts discharge was regulated by the Utah Division of Water Quality (DWQ) through the

Utah Pollutant Discharge Elimination System (UPDES) permit program, and water quality limits

were imposed to ensure that Crandall Creek and downstream water resources were protected.

With very few exceptions, those permit limits were met during the 12 years of near-continuous
pum ped grou ndwater discharge.

Subsequent to mine closure in mid-2007 and without active pumping, groundwater discharge

ceased. The UPDES permit continued to be in effect, and the "no discharge" status was

reflected on the monthly discharge monitoring reports. However, after about three months

with no discharge, groundwater unexpectedly began flowing out of the mine from beneath the
portal seals. lt has continued without interruption since that time.
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While gravity-flow rates have been similar to the flow rates that prevailed during the

operational pumping, water quality changed once the discharge resumed in early 2008 (JBR

2010). In particular, total iron concentrations increased by up to three orders of magnitude

and exceeded the established UPDES permit limits. The iron-laden discharge also resulted in

iron-stained streambed substrate along an approximate 3,000-foot reach of Crandall Creek

immediately downstream of where the groundwater discharge enters the stream. In early

2010, Genwal began operating an iron treatment system, and total iron concentrations have

consistently been kept at less than 1.0 mg/L since March 20L0. However, the iron-stained

substrate is still present.

Crandall Creek is a small perennial stream that drains a 2,500-acre watershed located within

the bounds of the Manti-La Sal National Forest and conveys flow to Huntington Creek.

Genwal's intercepted groundwater enters Crandall Creek approximately 1.5 miles upstream of
the confluence of those two streams. Both Crandall Creek and Huntington Creek support

aquatic resources, and Huntington Creek is a noted trout fishery. These fish rely in part upon a

healthy and abundant macroinvertebrate community as a food source. The Utah Division of

Wildlife Resources (DWR), in a 1995 letter to Genwal, indicated that Crandall Creek had a small

resident cutthroat population and was also important spawning habitat for trout in Huntington

Creek (Moretti 1995).

lron is an essential element for both fish and the macroinvertebrates upon which they rely as a

food source, as well as all other terrestrial and aquatic biota. However, in the aquatic

environment, iron can be harmful or even toxic depending upon its chemical form and its

concentration. Largely as a function of the water's pH and dissolved oxygen content, iron is

typically present in either an insoluble ferric form or a soluble ferrous form. lt can also be

present as an integral component of individual sediment particles whose parent rock contains

iron. While the chemistry of iron in water can be complex and is not fully discussed here, it is

important to note a couple of key points. Commonly, iron found in groundwater is in the

ferrous form, but when exposed to the atmosphere, this dissolved iron often oxidizes to the

ferric form and then precipitates (Hem 1985). These iron precipitates can physically degrade

aquatic habitat by covering bed substrate and organic matter; the covering can also reduce

food sources for both fish and macroinvertebrates. The particulates (either from precipitates

or fine sediments) can clog an organism's gills or filtering apparatus, and thereby hinder oxygen

intake. lron can also precipitate directly onto an organism's body, physically harming its body

structure and function. In its soluble (dissolved) form, iron can also be toxic when ingested by

aquatic life.

Taking all of these things into account, EPA has conservatively recommended a (nationwide)

criterion (chronic) of 1.0 mg/l- iron, as part of their published National Recommended Water

Quality Criteria for the protection of aquatic life (EPA 2009). Following EPA's recommendation,

Utah, in its Water Quality Standards given at U.A.C. R317-2-14, adopted a maximum dissolved

iron criterion of 1.0 mg/L for all streams that are classed for aquatic wildlife beneficial uses.
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DWQ set the Crandall Canyon Mine's UPDES permit limit at 1.0 mg/L total iron to provide

protection at an even more conservative levelthan the stream standard without accounting for
any dilution effects.

L.2 Purpose of Study
In 2009, due to ongoing elevated iron concentrations associated with Genwal's permitted

groundwater discharge, the relevant regulatory (DWA, DOGM) and management (U.S. Forest

Service (USFS), DWR) agencies became concerned about the potential impacts of the discharge

on aquatic life. In mid-August, 2009, DOGM issued a Citation for Non-Compliance (#10044)

that required Genwal to engage a qualified biologist to collect macroinvertebrate samples from

Crandall Creek twice each year (in June and September) and prepare comprehensive reports

that describe and evaluate each study's results.

This report is intended to meet the ongoing DOGM requirements for the biannual sampling and

reporting. lts purpose is to assess both the spatial and temporal variation in the

macroinvertebrate community of Crandall Creek with the goal of determining what, if any, iron-

caused impacts have occurred or are still occurring in that community.

In addition, study results can be used to assess the overall health of Crandall Creek. Because

they are sensitive to water quality and respond quickly to stressors, including water pollutants,

and also because they are fairly stationary within a given stream feature, benthic

macroinvertebrates integrate variations in water quality or other habitat components (Davis et

al. 2001-). Numerous indices and metrics such as diversity, taxa ratios, richness, and the like can

be calculated and used to assess the macroinvertebrate community at a given site in regard to
its ability to tolerate environmental pollution. The presence or absence of a specific

macroinvertebrate taxon can indicate a perturbation that may not have been captured by grab

samples analyzed for specific water chemistry. ldeally, these repeat studies may provide

insight on the general condition of Crandall Creek as well as the iron-specific impact (if any) of
Genwal's discharge on the creek's aquatic community.

?.O Previous Studies
Prior to the initiation of sampling in 2009 in response to the previously noted DOGM citation,

Crandall Creek's macroinvertebrate community had been periodically assessed by others. In

1980, macroinvertebrate samples were collected at several locations along Crandall Creek

before the mine start-up, A follow-up macroinvertebrate study was conducted in 1994, after
several years of mine operations; at the time of sampling, groundwater had not been

intercepted in a quantity sufficient to require surface discharge. In addition, the USFS samples

benthic macroinvertebrates in Huntington Creek every five years. Brief descriptions of each of
these other studies were given in a previous JBR report (JBR 2010).
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To comply with DOGM Citation #10044, JBR collected macroinvertebrate samples in Crandall

Creek in September 2009 (JBR 2010), in June 2010 (JBR 201la), and again in September 2010

UBR 2011b). During these studies, samples were collected at three locations. The uppermost

sampling reach (CRANDUP-01) was upstream of any influence of the mine's groundwater

discharge, thus serving as a reference reach. The middle reach (CRANDMD-0Z) included the

area immediately downstream of the discharge location where flow mixing, aeration, and iron
precipitation were occurring. The downstream reach (CRANDLWR-03) was a short distance

upstream of the confluence with Huntington Creek, outside of the area with a visibly impacted

substrate. During the September 2009 event, sample collection methodology was generally

based upon the reach-wide, multi-habitat sample methodology outlined in the (EMAP) Field

Operations Manual for Wadeable Streams (EPA 2001), modified as per discussions with the

Manti-La Sal National Forest fisheries biologist. During the 2010 sampling events, targeted-

riffle samples were added to the protocol.

Overall, the study results from the 2009 and 20L0 sampling indicated that the Crandall Creek

macroinvertebrate community downstream of the mine's discharge appeared to have been

negatively impacted. However, both downstream reaches of the creek were still supporting a

variety of macroinvertebrates, signifying that the mine discharge had not completely

decimated macroinvertebrate populations.

3.0 Site Locations and Descriptions

3.1 Site Locations
Prolonged snow melt runoff with high flow rates prohibited collecting macroinvertebrate

samples in June Z01t. With prior approval from DOGM, sampling was postponed until July.

Although flows were still elevated, macroinvertebrate samples were collected on July 14,2OLl
after peak runoff had diminished. The samples were collected at the same three sites that
were sampled during the 2009 and 2010 sampling events, The uppermost site (CRANDUP-01) is

near the upstream edge of the upper parking lot and outside of any influence of the mine's
groundwater discharge. lts downstream endpoint is approximately 2 meters above the flow
measurement flume and the reach extends upstream approximately 150 meters. The middle

site {CRANDMD-02} includes the area immediately downstream of the discharge location where

flow mixing and aeration are occurring, and where the iron previously precipitated. lts

upstream endpoint (Transect K) is approximately 5 meters downstream of the discharge point,

with the reach extending downstream approximately 150 meters. The downstream site

(CRANDLWR-03) was chosen to be approximately 2 meters upstream of the mine road crossing

near the confluence of Crandall Creek and Huntington Creek, and its reach extended upstream

from that point approximately 150 meters.
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As per EMAP protocol, during the September 2009 study 11 cross-section transects were

established at regular intervals within each of these reaches, and were flagged and marked (JBR

20101. These same transects were used in the 2010 studies.

3.7, Site Descriptions
The report that presented the 2009 study results (JBR 2010) described stream morphology,

substrate, and riparian vegetation. During the June 2010 (JBR 2011a) sampling, additional

observations were made on bed substrate at each reach, in order to provide some context for
variation in macroinvertebrate communities among the three reaches. Substrate at

CRANDMD-02 is notable for iron-stained particles and the presence (seasonally) of filamentous

algae. CRANDLWR-O3 substrate is generally calcified and cemented in place.

July 2011 channel conditions were generally similar to those noted during the previous

sampling events. Snow melt runoff had subsided, but a thunderstorm event elevated flows and

resulted in turbidity during sampling. At Site CRANDMD-02, filamentous algae appeared to be

reduced (likely due to season and scour from snow melt!, and surface iron staining also

appeared to be less noticeable (however, kicking up substrate during sampling re-exposed iron-

stained particles). The following photos provide a visual description of the site conditions at

the time of the July 2011 sampling.

CRANDUP-OI on July 14, 2011
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CRANDMID-O2 on July 14, 2011

CRANDLWR-03 on July ld 2011
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+.0 Methods
JBR collected two macroinvertebrate samples, a multi-habitat sample and a riffle sample, from

each of the locations described above. Sample collection for the multi-habitat sample was the

same as described in JBR (2010) and was based upon the reach-wide sample methodology

outlined in the (EMAP) Field Operations Manual for Wadeable Streams (EPA 2001). The specific

application of this sample methodology was modified as per discussions with the Manti-La Sal

National Forest fisheries biologist who is responsible for USFS macroinvertebrate sampling on

the Forest. Section 4.1.1 below describes the modified methodology. The riffle sample was

collected following the EMAP targeted riffle sample methodology. Section 4.L.2 below

describes the targeted riffle methodology.

The collected and preserved samples were then delivered to the National Aquatic Monitoring
Center (the Buglab) in Logan, Utah for processing and taxonomic identification. The Buglab is

a cooperative venture between the U.S. Bureau of Land Management (BLM) and Utah State

University. lt focuses on processing macroinvertebrate samples, and processes a large

percentage of the samples collected on federal land in the western U.S. The DWQ Monitoring

Manual (DWQ 2006) specifies that macroinvertebrate samples be processed by the Buglab.

DWQ s methodology is described in Section 4.2., and the BubLab's complete report (Judson and

Miller 2011) is attached as Appendix 1.

+1 Sample Collection Methods

4.1.7 Modified Multi-Habitat Sample Collection
The EMAP methodology for the multi-habitat sample specifies that one macroinvertebrate

subsample is taken at each of the eleven transects within the delineated reach. These

subsamples are then combined into a composite sample. The sample location at the first
transect is randomly selected using a six sided dice (i.e., sample is taken at a location 25, 50, or

75 percent of the distance from the channel's left edge depending upon the roll of the dice),

with the sampling point at subsequent transects chosen systematically. However, the Manti-La

Sal National Forest regularly collects only 4-5 macroinvertebrate subsamples within each reach,

which are then combined into a single composite sample. The 4-5 subsamples are collected

from as many habitat types as possible in order to sample the full range of habitat types

present within the reach. In order to be more consistent with the methodology used by the

Forest, the EMAP reach-wide, multi-habitat sample methodology was modified to only include

five samples. However, to keep the modified methodology as similar to EMAP procedure as

possible (which improves consistency and keeps the samples as replicable as possible), the five

samples were collected at every other transect starting with Transect B, where possible.

As Crandall Creek is a narrow stream at all sites, and particularly CRANDUP-01, sample location

at each transect was not chosen randomly or systematically, rather the site that was most

suitable to sampling was chosen (i.e., the location that allowed placement of the sampler). All

sampling was conducted using a 5O0-micron mesh D-frame kick net. The samples were
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collected in a downstream-to-upstream order to avoid including organisms dislodged from

upstream samples.

For sampling transects the following procedures were utilized.

1. The kick net was quickly and securely positioned on the bottom of the channel with the

opening facing upstream. Gaps between the frame and substrate were minimized.

2. The sample area was checked for heavy organisms, such as mussels and snails. Any

such organisms were placed into the composite sample bucket. All substrate particles

larger than golf balls and that were at least halfway into the sample area were picked

up and rubbed with hands or a brush to dislodge organisms into the net. Particles that
were more than halfway outside the sample area were pushed aside and not sampled.

After particles were washed, they were placed outside of the sample area.

3. Starting at the upstream end of the sample area, the remaining substrate was kicked

vigorously for 30 seconds. The water was allowed to clear before removing the net

from the water column.

4. The net was lifted out of the water then quickly immersed several times to concentrate

sample material in the end of net. Care was taken not to further disturb channel

substrate with the net, or allow for organisms to escape.

5. The net was inverted into the composite bucket, which had been % to /, filled with
stream water. The net was inspected for clinging organisms and forceps were used to
place these organisms into the bucket.

6. The net was rinsed in the stream before moving to the next transect.

7. The dominant substrate and habitat type were recorded on the field data sheet.

After sampling was completed at the five transects, the following procedures were employed to
prepare a multi-habitat composite index sample to be sent to the lab.

1. The contents of the sample bucket were manually swirled to separate organisms from

the sample material. The sample material was poured through a 300-micron mesh

sieve and the inside of the bucket was inspected for organisms. Organisms were rinsed

off any large objects (rocks, organics, etc.) with a spray bottle filled with stream water

before discarding the objects. Additional serial bucket rinses were employed until no

remaining organisms were noted in the sample bucket.

2. Using the spray bottle, the sample material inside the sieve was rinsed to one side and

transferred into the sample container using as little water as possible. The sieve was

carefully examined for clinging organisms and these were placed into the sample bottle

using forceps.
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The sample container was completely filled with 95-percent ethanol so that the final

concentration was between 75 and 90 percent. The container was slowly tipped

horizontally and rotated to allow complete mixing of the ethanol and sample.

Sample containers were labeled with the information listed below. A duplicate of this

label was written on ethanol-safe paper and placed inside of the container. Samples

were then delivered to the Buglab for analysis.

* Type of Sample (e.9., multi-habitat or riffle)
* Stream Name
* Site LD.
* Forest (Manti-La Sal National Forest)
* Date and Time of Collection
* Number of Jars

4.1.2 Targeted Riffle Sample Collection
The EMAP methodology for the targeted riffle sample specifies that eight macroinvertebrate

subsamples be taken within available riffle macrohabitat units within the delineated reach.

These subsamples are then combined into a composite targeted riffle sample. The sample

locations are identified by surveying the delineated reach prior to sampling to visually estimate

the number and area of riffle units. lf the reach contains more than one distinct riffle
macrohabitat unit but less than eight, the eight sampling points are allocated among the units

to spread the effort throughout the reach as much as possible, with it possible to collect more

than one kick sample from a single riffle unit. lf the number of riffle macrohabitat units is

greater than eight, one or more habitats is skipped at random. Within each riffle unit, EMAP

specifies that the sample locations be chosen at random from nine equal quadrats (visually

estimated). However, as already noted, Crandall Creek is a narrow stream at all sites, and

particularly CRANDUP-01. As a result, the riffle samples from each macrohabitat unit were not

chosen randomly, rather the site that was most suitable to sampling was chosen (i.e., the

location that allowed placement of the sampler), The samples were collected in a downstream-

to-upstream order to avoid including organisms dislodged from upstream samples.

Once locations were chosen, samples were collected and composited following the same

procedures outlined for the modified multi-habitat sample.

4.2 Analysis Methods
As noted above, the Buglab identified the taxa represented in the macroinvertebrate samples

that JBR collected. The lab processed the samples using methods similar to those

recommended by the United States Geological Survey (Cuffney et al 1993, as referenced in

Judson and Miller 2011). For all six samples, 100 percent of the sample material was processed

(i.e., sub-sampling procedures were not used). Generally, organisms were removed under a

3.
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dissecting microscope at 10-30 power and separated into taxonomic orders. Organisms were

then identified to a lower taxonomic level (family, genus, and/or species, as feasible). Once

identified and counted, samples were placed in 20-ml glass scintillation vials with
polypropylene lids in 7oo/o ethanol, given a catalog number, and retained. The results report
(Judson and Miller 2011) includes a complete list of taxa and the number of organisms by taxa

(see Appendix 1).

The Buglab also provided data summaries and calculated various indices and metrics (Judson

and Miller 20LL), many of which will be discussed in the results discussion. These include:

abundance, total taxa richness, EPT (Ephemeroptera, Plecoptera, and Trichoptera) taxa

richness, Ephemeroptera taxa richness, Plecoptera taxa richness, Trichoptera taxa richness,

percent EPT abundance, percent Ephemeroptera abundance, percent Chironomidae

abundance, Intolerant taxa richness, percent tolerant organisms, Community Tolerant Quotient
(CTQd), Hilsenhoff Biotic Index (HBl), percent contribution of the dominant taxon, clinger taxa

richness, percent clinger abundance, percent collector-filterer abundance, and percent scraper

abundance. Definitions/descriptions of these individual metrics and their usefulness are given

in their report (Judson and Miller 2011), which can be found in Appendix 1.

In addition, JBR used the BugLab's data set to calculate several other metrics that various

literature sources consistently indicate as being potentially useful for macroinvertebrate

analysis, particularly in regard to potential metals pollution. These are described below.

Ratio of Specialist Feeders to Generalist Feeders - Specialist feeders include shredders and

scrapers and generalist feeders include filterers and gatherers. Generalists are typically more

tolerant to environmental stressors, so their proportion often increases in response to
degraded water quality or stream habitat. This ratio has been used successfully to assess

impacts from mining (Mize and Deacon 2002).

Ratio of EPT to Chironomidae - ldeally, communities have a near-even distribution among all

four of these major groups. The Chironimid Family, in general, is more tolerant than most of
the taxa in the Ephemeroptera, Plecoptera, and Trichoptera orders (Barbour et al 1999).

Therefore, this ratio can indicate environmental stress when it shows disproportionate

numbers of Chironomidae (Davis et al 2001).

Percent Baetis, Hydropsychidae, and Orthocladinae; Ratio of Boetr's to all Ephemeroptera -
These two similar measures express the documented higher tolerances of Baetis,

Hydropsychidae, and Orthocladinae, than other members of their families. Mize and Deacon

(2002) among others have used the presence of these taxa when assessing environmental

conditions specific to mining (some studies have found the opposite conclusion with Eoetrs;

however, the majority appear to consider it one of the more tolerant of the mayflies),

Percent Heptageniidae, Chloroperlidae, and Rhyacophila; Ratio of Heptageniidae to all

Epherneroptera - Similarly to the above-noted tolerant taxa, Heptageniidae, Chloroperlidae,
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and Rhyacophila were considered by Mize and Deacon (2002) when assessing elevated trace

metals impacts. Heptageniidae, Chloroperlidae, and Rhyacophila were chosen due to their

apparent sensitivity to such elements, thus their absence can indicate poor water quality.

Many other authors have associated a lack of Heptageniidae organisms, in particular, with
heavy metals pollution (i.e. Kiffney and Clements 1994).

As with analysis of any set of macroinvertebrate data, multiple metrics and their predicted

response to perturbations (as given by EPA (2009a) and others in the scientific community) will

be relied upon to make a finding of impact or nonimpact in regard to Genwal's groundwater

discharge and Crandall Creek. Whether looking at data from an individual sample, comparing

data from different sites for a spatial assessment, or examining temporal changes, no one

metric can ever be presumed to tell the whole story. First, there is typically some natural

variability in community makeup, so reliance on a single metric can be misleading. Further,

some metrics are better at ascertaining specific conditions than others (i.e., organic pollution

versus metals pollution). For these reasons, most researchers use a variety of metrics and

would expect to see similar indications in several of them before making a conclusion regarding

impact to a given site. In contrast, there is some redundancy among metrics because they use

at least some of the same data. EPA (Barbour et al 1999) and others have developed

techniques for combining various metrics into a single index, and also for ranking sites based

upon individual metrics in a way that a potentially impacted site can be compared to reference

sites (known to be unimpacted). In this study, the low number of sample sites, lack of
replicates, and inadequate information on historical baseline make these techniques impossible

or impractical to use. Further, the natural variability of any of one these metrics is not known,

so it is difficult to determine whether a difference between sites as shown by one metric is due

to degraded conditions or simply a reflection of natural variability.

Instead, as was done for the previous JBR reports (2010; 2011a; 201Lb) on macroinvertebrate

sampling in Crandall Creek, individual metrics were calculated for each site and graphed to
provide an easy visual means of comparison (Appendix 2). Although some metrics are not

independent of each other, there was a specific intent to choose metrics that are of different

types (i,e., tolerance as measured by CTQd, community composition as measured by EPT

abundance, feeding mechanism as measured by specialist-to-generalist ratio), as recommended

by EPA (Barbour et al 1999). Metrics that would be expected to decrease as site conditions

worsen (e.9., richness) are shown in blue and those that would be expected to increase as site

conditions worsen (e.9., HBI) are shown in green, further facilitating visual interpretation.

Comparisons between CRANDUP-01 and CRANDMD-02, across matrices, allow an assessment

of whether conditions are degraded below Genwal's discharge. The presumption is that if
multiple matrices indicate the same trend (e.9., impact), there is a greater likelihood that there

is a degradation between sites as a result of mine discharge. Similarly, comparisons between

CRANDMD-O2 and CRANDLWR-O3 can be made to assess whether there is a spatial limit to the

degradation (recovered cond itions downstrea m ).
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5.0 Results and Discussion
The laboratory results report that was prepared by the Buglab (Judson and Miller 2011) is

provided in full as Appendix 1. That report includes the raw data (taxonomic lists of organisms

that were sampled, counts, etc.) as well as numerous tables giving various metrics and indices

that the lab calculated based upon the data. The Buglab's report (Judson and Miller 201L)

does not discuss or interpret the study results. This section focuses on those tasks, beginning

with a brief summary of the data and a general discussion of the results.

A total of 61- operational taxonomic units (OTUs) were identified in the 6-sample set, which is

similar to the June 2010 sampling event, when 65 OTUs were reported (JBR 2011a). At 3L, the

number of families and number of genera were within the ranges those previously reported in

JBR (2010;1OIIa;2011b). Variations in these numbers can be caused by flow conditions, time
of year, macroinvertebrate life cycles, and environmental degradation.

All of the insect orders most commonly found in macroinvertebrate communities (Coleoptera,

Diptera, Ephemeroptera, Plecoptera, and Tricoptera) as well as individuals from some non-

insect classes were represented in both sample sets. Composition (e.g., proportion of members

of the order Diptera) continues to show that none of the three Crandall Creek sites is in
optimum condition, though there is variation among the sites, which will be described further

below. CTQd, which can range from about 20 in the best quality streams up to about 100 in the

poorest, was between 63 and 84 in the Crandall Creek July 20L1 samples. Though this range of
values is improved over the previous two sampling events (JBR 2011a and 2011b), it still

indicates a stream that is providing less than ideal aquatic habitat.

Although Crandall Creek as a whole may provide less-than-ideal habitat, all of the sites had at

least a somewhat diverse assemblage of taxa, and all supported at least some taxa that are

considered intolerant to pollution or other habitat alterations. Knowing that (1) Crandall Creek

overall has an aquatic community that is not optimum, and (2) in spite of Genwal's discharge,

the creek is still supporting aquatic life provides a useful context for the remainder of the

results discussion. Those two things being said, by the majority of the metrics discussed below,

there continues to be a less healthy macroinvertebrate community at both CRANDMD-02 and

CRANDLWR-O3, which are downstream of the discharge, than at CRANDUP-01, which is

upstream of the discharge.

Habitat differences among the three sites (described briefly above in Section 3.2) could be at

least partially reflected in the results and their interpretation. For example, CRANDUP-01 and

CRANDLWR-03 have similar substrate size compositions, but at the latter much of the substrate

is embedded and cemented. This lack of interstitial spaces results in poor physical habitat for

macroinvertebrates at CRANDLWR-03. Therefore, the site comparisons in Section 5.2 must

consider that habitat is degraded at this site due to characteristics unrelated to any that have

potentially occurred due to the discharges of iron-laden water. Additionally, the substrate at

CRANDMD-02 is similar to that at the other two sites, but proportionally has more graveled
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riffle reaches than the other two sites, These features generally offer the best physical habitat

for macroinvertebrates, but at CRANDMD-02, much of this high-quality substrate is now iron-

stained and covered with filamentous algae.

5,1 Comparison of Targeted Riffle and Multi-Habitat Samples
As with the 2009 and 2010 analyses (JBR 2010; 2011a; 2011b), numerous metrics and indices

have been calculated and graphed for the September 2010 samples. These graphs are included

in Appendix 2. They provide a visual means to determine whether there were differences

between the samples collected from targeted riffle sites and those collected from the multi-

habitat sites.

One of the reasons that the first study report (JBR 2010) recommended that targeted riffle
samples should be collected along with the multi-habitat ones during future monitoring events

was based upon the observation that habitat types varied sornewhat between each reach. lt
was felt that the spatial data comparison would be more robust using the results of targeted

riffle sampling. In addition, Utah's DWQ monitoring program calls for macroinvertebrate

samples to be collected using only a targeted riffle method (DWQ 2006). Collecting targeted

riffle samples in Crandall Creek, as well as continuing to collect multi-habitat samples, would

allow a broader means of data interpretation in the future, as the data set grows.

Notably, at CRANDMD-O2 the riffle sample reflected much better macroinvertebrate habitat

than did the multi-habitat sample. Overall, however, conclusions regarding trends or spatial

differences are the same regardless of sample types, so both riffle and multi-habitat results are

used in the following discussions.

5,2 Spatial Variation in Macroinvertebrate Community
As noted above, numerous metrics and indices based upon the September 2010 sampling at

CRANDUP-01, CRANDMD-02, and CRANDLWR-03 have been calculated and graphed. These

graphs are included in Appendix 2 and provide a visual aid for analyzing the spatial variation in

the macroinvertebrate community along Crandall Creek. CRANDUP-01 is upstream of any

potential impact from Genwal's discharge, CRANDMD-02 is immediately below the discharge

where impacts would presumably be the greatest, and CRANDLWR-03 is further downstream

where impacts could presumably be either similar those seen at CRANDMD-02 or reduced, thus

indicating a spatial limit to the impact.

Out of the 20 metrics graphed in Appendix 2, t4 of the targeted riffle sample results and 16 of
the multi-habitat samples results indicate a decline in macroinvertebrate community health

between CRANDUP-01 and CRANDMD-02. These are similar percentages as were shown with
the 2009 and 2010 samples (JBR 2010; 2OlIa; 201-1b). The noted decline in the aquatic

community between these two sites is based upon a range of tolerance, community

composition, diversity, and feeding group metrics, which strengthens the conclusion that the

mine discharge has negatively affected habitat. Similarly, based upon the majority of the
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metrics {and again across metric types), CRANDUP-01 has a healthier macroinvertebrate

community than does CRANDLWR-03.

5.3 Temporal Variation in Macroinvertebrate Community
As previously mentioned, macroinvertebrate studies were conducted in Crandall Creek in 1980

and 1994. However, those data are of limited use for temporal comparisons due to unknowns

in either sampling locations and/or collection methodology. Instead, the four sets of data

collected by JBR from September 2009, June 2010, and September 2011, and July 2011) are

examined herein to assess temporal variation.

Examination of the graphed metrics does not show a strong overall trend in either

improvement or degradation at any of the sites across the period of sampling; some metrics

indicate improvement, some indicate degradation, and others are essentially the same. The

previous sample report (JBR 2011b) noted that CRANDUP-OI- had poorer macroinvertebrate

conditions in June 2010 than in either of the two September sampling events. This was likely

due to the high snowmelt runoff that was occurring at the time of sampling.

Comparisons made among like seasons when stream flow rates and macroinvertebrate life

cycles are more likely to be similar may be more meaningful; however to date there are only

two sampling events for each season, which limits interpretations. The July 2011 samples

indicated improvements over the June 2010 samples at all three sites. While these noted

improvements were reflected at CRANDMD-02 (particularly in the riffle set) and CRANDLWR-

03, the fact that improvements were also reflected at the upstream, unaffected site precludes

an interpretation that the downstream improvements reflect recovery from the iron-laden

mine discharges. Instead, these differences could be all or partially due to more optimum flow

conditions (e.9., later in the runoff cycle) during the more recent sampling event, for example.

5.4 Metric Refinement
With the inclusion of the latest set of data, collected July 2011, a total of four sampling events

are now available for analysis. While a set of four events limits the potential for robust

statistical analysis (especially given the different seasons represented) or development of an

integrated index, the large number (20) of metrics can be winnowed down. As noted above in

Section 4.2, there was some redundancy among the 20 metrics that were initially selected.

However, different metric types (e.9., tolerance, diversity, community composition, feeding

mechanism) were represented. Reducing the number of metrics that are looked at from here

out should reduce the redundancy but still include a variety of metric measures; the new set of
metrics should also reflect the same general conclusions as does the full set.

In order to refine the set of metrics upon which subsequent reports will focus, the range (as

indicated by the highest and lowest value) of each metric across the four data sets was

compared for each of the three sites. The riffle samples and the multi-habitat samples were

both included in this analysis. The spread in the values of each metric encompasses at least
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some measure of seasonality, natural variation, or trends, albeit within the short timeframe

between fall 2009 and spring 2011. The primary goal of the monitoring has been to determine

whether or not the sites downstream of the mine discharge have been affected by it, and the

data collected to date consistently shows that CRANDMD-02 and CRANDLWR-03 have poorer

macroinvertebrate communities than does CRANDUP-OI. The metrics that may show this

result most clearly may be those where the distributions in the data between the upstream and

downstream sites are the most divergent.

For each metric, the maximum and minimum values at the site immediately below the mine

discharge (CRANDMD-02) were compared with those at the upstream, unaffected site

(CRANDUP-01) and categorized as being either: within the spread of values, completely outside

the it, or overlapping it. None of the 20 metrics had completely disparate spreads between

CRANDUP-0L and CRANDMD-02 (i.e., there was always some overlap). For 9 out of the 20

metrics (richness, EPT taxa abundance, number of intolerant taxa, HBl, number of clinger taxa,

number of long-lived taxa, percent scrapers, percent chironomids, and percent tolerant

organisms ), the CRANDMD-O2 range was within the range reported for CRANDUP-0I. The

remaining lL metrics were outside the range in one direction of the other (though sometime

only minimally); in all but one of those, the direction outside the overlap reflected degradation

at the downstream site compared to the upstream (i.e., was consistent with the overall

interpretation using all 20 metrics). Coincidently or not, several of these are metrics that have

been noted to be indicative of mining and/or elevated trace elements. Further, these divergent

metrics encompassed tolerance, diversity, community composition, and feeding mechanism

measures. A comparison between CRANDUP-01- and CRANDLWR-03 showed similar results, but

with fewer metrics found to be within the CRANDUP-OI range. A table at the end of Appendix

2 shows this comparison.

6.0 Recommendations for Future Study
JBR recommends that future sampling events use the same methodology and equipment as

was used in 2010. Samples should include both a multi-habitat sample at each site and a

targeted riffle sample at each site.

Future sample reports should focus on a reduced set of metrics. The following 10 metrics are

recommended based upon the assessment in Section 5.4: Shannon's Diversity; evenness; CIQd;

percent shredders; ratio of specialist feeders to generalist feeders; percent EPT; ratio of EPT to
Chironomids; percent Heptageniidae, Chloroperlidae, & Rhyacophila; percent Baetis,

Hydropsychidae, & Orthocladiinae; and percent of Baetis to all Ephemeroptera. In addition,

percent scrapers will also be retained as a metric, due to its potential usefulness to tie into the

presence/absence of filamentous algae. (Note that any of the other "discarded" metrics will

either still be available within the Buglab reports or can easily be calculated from data

contained with those reports.) In addition to the spread of values as indicated by the maximum
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and minimum, box-and-whisker plots should also be considered to provide a more refined

analysis.

7.0 Summary and Conclusions
f n July }OLL, benthic macroinvertebrate samples were collected from three reaches of Crandall

Creek. One reach was located upstream of Genwal's Crandall Canyon Mine groundwater

discharge while the other two reaches were located downstream of the discharge. One of the

primary goals of the study was to determine whether the previously elevated iron

concentrations have impacted Crandall Creek's macroinvertebrate population.

Macroinvertebrate community composition at these three reaches was determined by

taxonomic identification of the organisms collected during the sample collection, and

numerous indices and metrics were calculated for ease in interpreting results.

Overall, the study results indicate that the Crandall Creek macroinvertebrate community

immediately downstream of the mine discharge continues to show negative impacts of the

mine water discharge. Although the furthest downstream reach of Crandall Creek (CRANDLWR-

03) also has a degraded macroinvertebrate community, its poor substrate condition (embedded

and cemented) is likely a contributing (if not dominating) factor affecting macroinvertebrate

community health at that site. However, both downstream reaches of the creek are still

supporting a variety of macroinvertebrates, indicating that neither the past iron-laden

discharge nor the continuing treated discharge has completely eliminated macroinvertebrate

populations.
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Aquatic Invertebrate Repoft For Samples Collected By JBR Environmental Consultants - Sandy, UT

Report prepared for:
Dave Kikkert
JBR Environmental Consultants - Sandy, UT
8160 S. Highland Drive
Sandy, UT 84093
80 1 -943-41 44; dkikkert@jbrenv.com

Report prepared by:
Sarah Judson and Scott Miller
U.S.D.l. Bureau of Land Management
National Aquatic Monitoring Center
Department of Watershed Sciences
5210 Old Main Hill
Utah State University
Logan, Utah 84322-5210
Sarah: 435.797 .331 0; sarah.judson@usu.edu
Scoft: 435.797 .261 2; scott.miller@usu.edu

28 September 2011

Sampling Locations

Table 1. Sampling site locations

CRANDLWR-03 Crandall Creek, Lower, Emery County, UT

CRANDMD-02 Crandall Creek, Middle, Emery County, UT
CRANDUP-O1 Crandall Creek, Upstream, Emery County, UT

39.464
39.460

39.460

-111.1460
-111.1650
-111.1680

2363
2384
2389
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llethods
Fisld sampling

Samples were collected on July '14, 2011 (Table 2). Aquatic invertebrates r €re collected quantitavely and qualitatively fom
rifils and rcachwide habitiats with a Kick Net

Laborato|y nt€thods
Gen€ral prcc€dures for proc€ssing invertebrato samples were similar to those recommended by lhs United Statss

Geological Survey (Cuftey et al. 1993) and arc described in greater detail and rationalized in Vinson and Hawkins (1996).
Samples were suFsampled if the sample appeared to contain more than 600 organisms. SuFsamplss wer€ obtained by
pouring the sample into an appropriate diameter 500 micron sieve, floating this malerial by placing ths sieve within an enamel
pan partially fillsd with watsr and leveling the material within the sieve. The sieve was then removed from the water pan and
the matarial within the sieve was dividsd into two equal parts. One haf of the sieve was then randomly chosen to be
processed and the other half set aside. The sievs was then placed back in ths enamel pan and the material in the sieve again
loveled and split in half. This process was repeated until approximately 600 oEanisms remained in ona-half of thg sievo. This
material was placsd into a Petri dish and all organisms wsre rcmoved under a disseclirE microscope at 10-30 power.
Additional sub-samplss w€r€ taken unlil at least 600 organisms were removed, All organisms within a subsample u,,ere
removed, and separated into taxonomic OrdeB. When the sorting ofthe sub-samples was completsd, tho entire sample was
spread throughout a la|ge white enamel pan and searc+led for'10 minutes to remove any taxa that might not have bssn picked
up dudng the initial sampls sorting process. The objective of this "big/rare" search was to prcvide a more complete taxa list by
finding rarer taxa that may have been excluded during the sub-sampling prccess. These rarer bugs u€r€ placed into a
s€paratg vial and ths dsta enter€d saparately from the bugs removed during the suFsampling process. All the organisms
removsd during the sorting process wers then idsntified using appropriate identification keys (see literature cited list for list of
taxonomic resources used). Once the data had bsen entered into a computor and checked, the unsorted portion of the sample
w€s discarded. The identified portion of the sample was placed in a 20 ml glass scintillation vial with polypropylens lids in 70%
gthanol, given a catalog numboG and retained. In this report, metrics were calculated using data from the subsampled and
big/rars podions of tho sample. Abundance data are presented as the estimated number of individuals per square meler for
quantitative samples and the estimated number per sample for qualitiative samples.

Table 2. Field comments and laboratory processing information.

Sample Station Sampling
Date

Habitat
Sampled

Sampling Sampling
Method Area

Sqmts

o/o of Number of
sample individuals

processed identified

146827

146828

146825

146826

146823

146824

CRANDLWR-03

CRANDLWR-03

CRANDMD-02

CRANDMD-02

CRANDUP.Ol

CRANDUP.Ol

0711412011

0711412011

07t14t2011

07t14t2011

07t14t2011

07t14t2011

Reachwide

Targeted Riffle

Reachwide

Targeted Riffle

Reachwide

Targeted Riffle

Kick Net

Kick Net

Kick Net

Kick Net

Kick Net

Kick Net

0.37

o.74

0.37

4.74

0.37

0.74

77

647

201

456

230

551

100

100

100

100

100

100
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Data Bummarlzatlon
A number of mgtrics or scological summarigs can be calculatsd fom an aquatic invertebrate sample. A summary and

description of commonly used metrics is availabls in Barbour et al. (1999,
htto://\,r^nrw.eoa.oov/owor/monitorino/rbo/index.html#Tableyo20oP620contents) and Kan and Chu (1998). Both of these
publicalions suggest use of tho folloving metrics for assessing the health of aquatic invertebrate assemblagss: Total taxa
richness, EPT taxa richness, Ephemgroptera taxa richnoss, Plscoptera taxa richness, Tdchoptera taxa richness, % EPT
abundance, % Ephemeroptera abundance, % Chironomidae abundan@, Intolerant taxa richness, % tolerant organisms,
Hilssnhofi Biolic Index, % contribution of the dominant taxon, clirEer taxa richness, % clinger abundance, % collsctor-filtsr€r
abundance, and the % scrapor abundancg. Assessments ars b€st made by comparing samples to samples mllec{ed
similady at reierence sites or from samples collec-ted prior to impacts or management ac{ions at a location. ln this report, the
follorwing metrics wsr€ calculated for each sample.

Taxa richnass - Richness is a component and gstimate of community structurc and strsam health based on the number of
distinct taxa. Taxa richness normally decreases with decreasing water quality. In soms situations organic enrichment can
cause an insease in the number of pollution tolerant taxa. Taxa richngss was calcrilated for ope]ational taxonomic units
(OTUS) and th€ number of unique genera, and families. The values for operational taxonomic units may be over€slimates of
the true taxa richness at a site if individuals w€r€ lhe same taxon as thos€ idsntified to lo\wer taxonomic levels or they may be
underestimates of the fue taxa dchness if mulliple iaxa wsrc pr€ssnt within a largor taxonomic grouping but were not
identified. All individuals within all samples $,ere generally identified similarly, so that comparisons in operational taxonomic
richness among samples within this dataset ars appropnsts, but comparisons to other data sets may not. Comparisons to
other datasets should be made at the genera or family level.

Abundance - The abundance, density, or number of aquatic macroinvsrtobrates per unit alea is an indicator of habitat
availability and fish food abundance. Abundance may be reduced or inseased depending on ths typs of impact or pollutant.
Increased organic enrichment typically causes large ind€ases in abundance of pollution tole€nt taxa. High flols, increases
in fine sediment, or the presence of toxic substances normally cause a decrease in invertgbrats abundance. Invertebrate
abundance is prosentad as the numbor of individuals per square meter for quantitative samples and the number of individuals
collecied in each sample for qualitativs samples.

EPT - A summary of the taxonomic richness and abundance within the insect Odels Ephemeroptera, Plecrptsra, and
Trichoptsra (EPT). Thes€ orders at€ commonly consider€d sensitive to polhrtion (Kan and Chu 1998).

Percent contribution of the dominant family or taxon - An assemblage largely dominated (>50%) by a single taxon or
several taxa from ihe same family suggests envkonmental stress. Habitat condruons likely limit the number of taxa that can
occur at the site.

Shannon divErslttr Index - Ecological diversity is a measure of community struclurc defined by the relationship betu€en the
number of distinct taxa and thsir |€lativs abundances. Tho Shannon diversity index was calculated for each sampling
localion for which the|e were a sufficient number of individuals and taxa collected to oerform the calculations. The
calculations were made following Ludwig and Reynolds (1988, equation 8.9, page 92).

Ewnnesa - Evonness is a measure of the distribution of taxa within a community. The evenness index used in this rgport
was calculated following Ludu,ig and Reynolds (1988, equation 8.15, pags 94). Value ranges trom 0-1 and approach zero as
a single taxa becomes more dominant.

Cllngar taxa - Ths numb€r of clinger taxa havo b€€n found by Kar and Chu (1998) to respond negatively to human
disturbance. Clinger taxa were determined using informalion in Msnitt et al. (2008). These taxa typically cling to the tops of
rocks and ar€ thought to bg reduced by sedimentation or abundant algal growths.

Longllv. taxa - The number of long-liv€d taxa w6s calculated ths numbor of taxs collected that typically have 2-3 year lifu
cycles. Disturbances and water quality and habitat impairment typically r€duces the numbgr of long-lived taxa Kan and Chu
(1998). Life-cyde length deteminations were based on informalion in M€ritt st al. (2008).

Blotlc Indlces - Biotic indices use lhe indicator taxa conoept. Taxa are assigned water quality tolerance values bassd on
thoir tde€nce to pollution. Scores a|€ typically lv€ightsd by taxa relative abundance. In the United States the most
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commonly used biotic index is the Hilsenhoff Biotic Indsx (Hils€nhof 1987, Hilsenhoff 1988). The USFS and BLM throughout
the westem United States have also ftequgntly used ths USFS Community Tolsrance Quotient

Hibenhoff blotlc Index - The Hilsenhoff Biotic Index (HBl) summarizos ths overall pollution toleranc€s of the taxa collected.
This index has been used to detec{ nutrient enrichmsnt, high sediment loads, low dissolved orygen, and thermal impacts. lt
is best at deiscting oeanic pollution. Families were assigned an index value from 0- taxa normally found only in high quality
unpolluted water, to 1G taxa found only in s€vercly polluted wstels. Family level values were taken from Hils€nhofi (1987,
1988) and a family level HBI was calqJlaled for €ach sampling location for which there n€re a suficient numb€r of individusls
and taxa collected to perform the calculations. Sampling locations with HBI values of 0-2 are considered clean, 24 slightty
enricftsd, +7 snriched, and 7-10 polluted. Rather than using maan HBI valuss for a sample, taxon HBI values can also be
used to determine the number of pollution intolsrant and tolorant taxa occuning at a site. In this report taxa with HBI values
S 2 w€t€ considered irfolerant clean water taxa and taxa with HBI values : I wers considered pollution tolerant taxa. The
numb€r of tolerant and intolerant taxa and the abundances of tolerant and iniolsrant taxa lv€re calculated for each sampling
location.

USFS communlty tolerant quolient - Taxa are assigned a tolerant quolient (TO) ftom 2 - taxa found only in high quality
unpolluted watsr, to 108 - taxa found in severely polluted waters. TQ values were developed by Winggt and Mangum (1979).
The dominance weighted community tolerance quotient (CTQd) was calculated. Values can vary fiom about 20 to 100, in
goneral the lover the value the better the water quality.

Functional fs€dlng group m.a3urg3 - A common classification scheme ior aquatic macroinvertebrates is to categorize
them by feeding acquisition mechaniams. Categories arc based on food particle size and food location, e.9., suspended in
the water column, deposited in sediments, leaf litter, or live prey. This classificalion system reflecB the maior source of the
rgsource, oither within lhe stream itself or from riparian or upland areas and the primary location, either erosional or
depositional habitats. The numb€r of taxa and individuals of the iollowing feeding groups were calculated br gach sampling
location. Functional tueding group designations w€re f|om Menitt et al. (2008).

ShrcddeB - Shredders use both living vascular hydrophytes and docomposing vascular plant tissue - @arso particulata
organic matter. Shredders are sensitive to changes in riparian vegetation. ShrcddeB can be good indicators of toxicants that
adher€ to oqanic matter.

ScrapeB - ScrapeF feed on periphyton - attached algae and associated material. Scraper populations increase with
increasing abundancs of distoms and can decaease as filamentous algae, mosses, and vascular plants increase, ofien in
r€sponse to incr€ases in nitrogen and phosphorus. Scrapers decrease in relative abundance in response to sedimentation
and higher levels of oqanic pollution or nutrient enrichment.

CollectoF ilter€]l - Collector-filterers feed on suspended fine padiculate oqanic matter. Colleclor-tilterers are sensitive to
toxicants in the water column and to pollutants that adhsr€ to organic matter.

Collec{or-gatherrrs - Colleclor-gathet€|s fsed on deposited fine particulate organic matter. Collector-gathst€rs are sensitive
to deposited toxicants.

Pradator3 - Prsdaiors fded on living animal tissue. Predators typically make up about 25% of the assemblage in stream
envircnments and 50% of the assemblags in still-water gnvimnments.

Unknown feedlng group - This cat€gory includes taxa that are highly variable, parasites, and those that for which the
primary feeding mode is cuner{ly unknown.
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Results

Abundance data and taxa richness are reported as the estimated number of individuals per square mgtsr for quantitrative
samples and the numb€r per sample for qualitative s€mples. NC = Not calculated. * 

= unable to calculate. EPT = totals for ths
insecl ode|s, Ephememptera, Plecoptera, Trichoptera. QL = qualitalive sample.

Sample Sampting
date

Station Total
abundance

EPT
abundance

Dominant
family

% contribution
dominant family

146823

146824
146825
146826

146827
146828

07t14t2011
0711412011

07t14t2011
0711412011

07t14t2011
07t14t2011

CRANDUP-01

CRANDUP-01
CRANDMD-02
CRANDMD.O2

CRANDLWR-03
CRANDLWR-03

622
741
541

614
207
871

435

619
73

291
97

348

Baetidae

Heptageniidae

Chironomidae
Baetidae

Chironomidae
Chironomidae

26.53

34.82
64.14
25.57
26.09

37.43

Mean 599.3 310.5 35.76

Diversity indices
Sample Sampling

Date
Total Total
taxa genera

richness richness

Total
family

richness

EPT
taxa

richness

Shannon Evenness
diversity

index

146823
146824
146825
146826
146827
146828

07t14t2011
07t14t2011
07t14t2011
0711412011

0711412011

07t14t2011

2-700
2.030
1.870

2.550
2.450
2.140

0.760
0.620
0.600
0.730
0.850
0,640

CRANDUP.O.l

CRANDUP-01
CRANDMD-02
CRANDMD-02
CRANDLWR-o3
CRANDLWR-O3

15

11

I
13

I
13

2A

17

17

22

13

21

35
26
22
33
18

28

21

19

16

21

I
16

27.0 17.0 18.3 11.3 2.290 0.700

Genera richness by major taxonomic group.
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Total abundance by major taxonomic group.
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146823 07t14t2011

146824 07t14t2011

146825 07t14t2011

146826 07t14/2011

146827 47n4ft011

146828 07t14t2011

CRANDUP-01

CRANDUP-01

CRANDMtr.O2

CRANDMD.O2

CRANDLWR4
3
CRANDLWR-O
3

3

3

57

40

0

0

138

98

401

215

70

422

370

531

54

250

78

305

000
000
000
000
000

000

41

47

16

24

5

27

24 16

400
30

16 13

135

05
04
05
04
05

0016

3.80.09.018.726.70.00.017.2 224.0 264.7

Biotic Indices
Sample Sampling Station

date
Hilsenhoff Biotic I ndex

Indication

USFS
Community

CTQdIndex

146823
146824
146825
146826
146827
146828

07t14t2011
07t14t2011
07t14t2011
07t1412011
07t14t2011
07t14t2011

CRANDUP-01
CRANDUP.Ol
CRANDMD-02
CRANDMD.Oz
CRANDLWR-03
CRANDLWR.O3

Possible slight organic pollution
Possible slight organic pollution
Some organic pollution
Possible slight organic pollution
Possible slight organic pollution
Possible slight organic pollution

3.53
3.65
5.01
3.55
3.74
4.35

69
63
84
75
83
77

Mean 3.97 75.2

Taxa richness and relative abundance values with respect to tolerance or intolerance to pollution were based on the
Hif senhoff Biotic Index (HBl). lntolerant taxa have HBI score <= /. Tolerant taxa have a HBI score >= $. Data are
presented as estimated count per square meter for quantitative samples and total number per sample for qualitative
samples.

Sampling
date

lntolerant taxa Tolerant Taxa
Richness AbundanceSample Station Richness Abundance

146823
146824
146825
146826
146827
146828

0711412011

0711412011

0711412011

07t14t2011
0711412011

07t14t2011

CRANDUP.Ol
CRANDUP.Ol
CRANDMD.O2
CRANDMD-02
CRANDLWR-O
CRANDLWR.O

I
7
5
I
2
6

0
0
0
1

0

0

(26)
(271
(23)
(24)
(11)
(21)

100
120
24
82
11

40

(16)
(16)

(4)
(13)

(5)
(5)

0
0
0
1

0

0

(0)
(0)
(0)
(3)
(0)

(0)
(0)
(0)
(0)
(0)

0 0
6.2 22 62.8 10 o.2 0
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O Functional feeding groups
Taxa richness by functional feeding group. The percent of the total is shown in parentheses.

Sample Sampling
date

Shredders Scrapers Collector-
filterers

Collector-
gatherers

Predators Unknown

146823 07t14t?011

146824 07t14t2011

146825 07t14t2011

146826 07t14t2011

146827 07t14t2011

146828 07t14t2011

CRANDUP.Ol

CRANDUP-01

CRANDMD-02

CRANDMD-02

CRANDLWR{

CRANDLWR-O

4

1

2

4

I

2

4

3

2

3

1

2

I
6

6

I
5

7

12

11

I
12

I
14

3

1

2

2

0

0

(11)

(4)

(e)

(12)

(6)

(7)

(11)

(1 2)

(e)

(e)

(6)

(7)

(s)

(15)

(e)

(e)

(11)

(7)

(26)

(23)

(27)'

(271

(28)

(2s)

(34)

(42)

(36)

(36)

(50)

(50)

(s)

(4)

(e)

(6)

(0)

(0)

?

4

2

3

2

2

(5)1.3(42)1 1.0(26)7.0(10)2.7(e)2.5(8)2.3

Invertebrate abundance by functional feed group. The percent of the total is shown in parentheses.

Sample Sampling
date

Shredders Scrapers Collector-
filterers

Collector-
gatherers

Predators Unknown

146823

146824

146825

1 46826

146827

146828

07t1412011

07/14t2011

Q7t14t2011

07t14t2011

07t14t2011

07t14t2011

CRANDUP-01

CRANDUP-01

CRANDMD-02

CRANDMD-02

CRANDLWR-O

bnnruolwno

16

11

5

B

5

11

(3)

(1)

(1)

(1)

(2)

(1)

192

283

40

B3

11

7

(31)

(38)

(7)

(14)

(5)

(1)

14

19

8

7

I
3

(21

(3)

(1)

(1)

(4)

(0)

289

312

355

324

126

651

(46)

(421

t66)
(53)

(61)

(75)

100

114

7B

148

57

198

(16)

(15)

(14)

(24)

(28)

(23)

11

3

54

43

0

0

(2)

(0)

(10)

(7)

(0)

(0)

Mean 9.3 (2) 102.7 (16) (2) 342.8 (s7) 115.8 (20) 18.5 (3)

The 10 metrics thought to be most responsive to human induced disturbance (Karr and Chu 1998).

Sample Sampling
Date

Totial Epheme- Plecoptera
taxa roptera taxa

taxa

Long- Intolerant
lived taxa
taxa

Trichoptera
taxa

Clinger o/o o/o o/o

taxa tolerant contribution predators
indi- dominant

viduals taxon

146823 07t14t2011

146824 07t14t2011

14682s 07t14t2011

146826 07t14t2011

146827 07t14t2011

146828 07t14t2011

CRANDUP-01

CRANDUP-01

CRANDMD-02

CRANDMD-02

CRANDLWR43

CRANDLWR.O3

35

26

22

33

1B

28

o

5

4

5

2

3

3

2

2

3

0

1

4

3

1

3

2

3

2

2

3

2

0

I

I
7

5

I
2

6

11

11

7

I
4

7

0.00

0.00

0.00

0.16

0.00

0.00

23.95

33.47

53.79

25.57

26.09

36.17

16.08

15.38

14.42

24.10

27.54

22.73

27.0 4.2 6.21.72.71.8 8.2 0.03 33.1 7 20.04
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Taxonomic list and counts for 6 samples collected on July 14,2011 . Count is the total number of individuals identified
and retained. Samples heading refers to the number of samples containing that taxon.

Order Family S ubfamily/Genus/Species Samples Count

Phylum: Annelida

Glass: Clitellata

Phylum; Arthropoda

Class: Arachnida

Trombidiformes

Trombidiformes

Trombidiformes

Trombidiformes

Trombidiformes

Trombidiformes

Class: lnsecta

Coleoptera

Coleoptera

Coleoptera

Diptera

Diptera

Diptera

Diptera

Diptera

Diptera

Diptera

Diptera

Diptera

Diptera

Diptera

Diptera

Diptera

Diptera

Diptera

Diptera

Diptera

Diptera

Diptera

Diptera

Diptera

Diptera

Diptera

Ephemeroptera

Ephemeroptera

Ephemeroptera

Ephemeroptera

Ephemeroptera

Ephemeroptera

Ephemeroptera

Ephemeroptera

Ephemeroptera

SubClass: Oligochaeta

SubClass: Acari

Anenuridae

Hydryphantidae

Hydryphantidae

Lebertiidae

Sperchonidae

SubClass: fterygota
Dytiscidae

Elmidae

Elmidae

Ceratopogonidae

Ceratopogonidae

Chironomidae

Chironomidae

Chironomidae

Chironomidae

Empididae

Empididae

Empididae

Empididae

Empididae

Psychodidae

Simuliidae

Simuliidae

Simuliidae

Stratiomyidae

Tabanidae

Tipulidae

Tipulidae

Tipulidae

Tipulidae

Tipulidae

Ameletidae

Baetidae

Baetidae

Baetidae

Ephemerellidae

Heptageniidae

Heptageniidae

Heptageniidae

Leptophlebiidae

Arrenurus

Protria

Wandesia

Lebertia

Sperchon

Narpus concolor

Optioserurs quadrimaculatus

Ceratopogoninae Sphaeromiini Probezzia

Chironominae

Orthocladiinae

Tanypodinae

Hemerod romiinae Hemerodromiini

Hemerod romiinae Hemerodromiini Chelifera

Neoplasta

Wiedemannia

Pericoma

Sim uliinae Prosimuliini Helodon

Simuliinae Simuliini Simulium

Caloparyphus

Tabanus

Dicranota

Limoniinae Antocha montimla

Limoniinae Eriopterini Ormosia

Limoniinae Hexatominl Limnophila

Tipulinae Tipula

Arneletus

Baetis

Diphetor hageni

Drunella

Cinygmula

Epeorus

33

11

4

3

1

79

29

1

51

2

2

4

?7

20

30

47
14

3

14

57

?8

1

1

2

8

3

32

17

6

7

4

2

4

7

I
501

7

69

I
281

111

2
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Hemiptera

Plecoptera

Plecoptera

Plecoptera

Plecoptera

Plecoptera

Plecoptera

Plecoptera

Trichoptera

Trichoptera

Trichoptera

Trichoptera

Trichoptera

Trichoptera

Trichoptera

Trichoptera

Trichoptera

Phylum: ldo]lusca

Class: Bivalvia

Veneroida

Phylum: Nemata

Class:

Genidae

Chloroperlidae

Nemouridae

Nemouridae

Nemouridae

Pedodidae

Pedodidae

Taeniopterygidae

Brachycentridae

Hydropsychidae

Hydropsychidae

Hydropsychidae

Limnephilidae

Rhyacophilidae

Rhyacophilidae

Rhyacophilidae

UenoidaE

Chloroperlinae

Amphinemurinae

Zapada

Tapada cinctipes

lsoperlinae lsoperla

Brachycentrus americanus

Arctopsychinae Parapsyche

Arctopsychinae ParapsychE elsis

Hydropsychinae Hydropsyche

Rhyacophila

Rhyacophila angelita group

Rhyacophila wfixa group

Neothremma

1

1

1

4

?

4

5

1

1

1

?

2

3

3

2

4

1

5

2

I
I
7

14

2

13

58

I
1

1

3

2

4

19

11

26

2

12

3

SubClass: Heterodonta

Pisidiidae Pisidiinae Pisidium

SubClass:

Total: OTU Taxa: 61 Genera: 39 Families: 31 Individuals: 2162
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Taxa Lists for
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Taxonomic list and densities of aquatic invertebrates identified and retained from a sample collected July 14, 2011 at
station CRANDUP-01, Crandall Creek, Upstream, Emery county, Utah. The sample was collected from reachwide
habitat using a Kick Net. The total area sampled was 0.370 square meters. The percentage of the sample that was
identified and retained was 100% of the collected sample. A total of 230 individuals were removed, identified and
retained. The sample identification number is 146823. OTU=operational laxonomic unit. Notes - identification to
genus or species was not supported because: | - immature organisms, D- damaged organisms, M - poor slide mount,
G - gender, U - indistinct characters or distribution, R - retained in our reference collection.

Order Family S ubfa mi ly/Gen us/S pecies Life Stage Density Notes

Phylum: Annelida

Class: Clitellata

Phylum: Arthropoda

Class: Arachnida

Trombidiformes

Trombidiformes

Trombidiformes

Class: Insecta

Coleoptera

Diptera

Diptera

Diptera

Diptera

Diptera

Diptera

Diptera

Diptera

Diptera

Diptera

Diptera

Diptera

Diptera

Ephemeroptera

Ephemeroptera

Ephemeroptera

Ephemeroptera

Ephemeroptera

Ephemeroptera

Plecoptera

Plecoptera

Plecoptera

Plecoptera

Plemptera

Trichoptera

Trichoptera

Trichoptera

Trichoptera

Phylum: Mollusca

Class: Bivalvia

Veneroida

Phylum: Nemata

Class:

SubClass: Oligochaeta

SubClass:Acari

Lebertiidae Lebertia

Sperchonidae Sperchon

SubClass: fterygota
Elmidae

Ceratopogonidae

Ceratopogonidae

Chironomidae

Chironomidae

Chironomidae

Chironomidae
Empididae

Empididae

Simuliidae

Tipulidae

Tipulidae

Tipulidae

Ameletidae

Baetidae

Baetidae

Ephemerellidae

Heptageniidae

Heptageniidae

Nemouridae

Nemouridae

Perlodidae

Pedodidae

Taeniopterygidae

Hydropsychidae

Rhyacophilidae

Rhyacophilidae

Uenoidae

Narpus concolor

Ceratopogoninae Sphaeromi ini Probezzia

Chironominae

Orthocladiinae
Tanypodinae

Hemerodromi inae Hemerodromiini Chelifera

Wiedemannia

Limoniinae Antocha monticola

Limoniinae Eriopterini Ormosia

Tipulinae Tipula

Ameletus

Baetis

Diphetor hageni

Drunella

Cinygmula

Epeorus

Zapada

Zapada cinctipes

lsoperlinae lsoperla

Arctopsychinae Parapsyche

Rhyacophila

Rhyacophila vofi xa group

Neothremma

adult

adult

adult

adult

larvae

larvae

pupee

larvae

pupae

larvae

larvae

larvae

larvae

larvae

pupae

larvae

larvae

larvae

larvae

larvae

larvae

larvae

larvae

larvae

laruae

laruae

larvae

larvae

larvae

larvae

larvae

larvae

larvae

adult

adult

16.22

8.11

8.11

5.41

2.70

5.41

2.70

13.51

13.51

37.84

24.32

2.70

13.51

2.70

5.41

2.70

10.81

2.70

8.11

148.65

16.22

35.14

143.24

18.92

8.11

2.70

8.11

18.92

2.70

2.70

8.11

8.11

5.41

5.41

2.70

Pisidiidae

SubClass: Heterodonta

Pisidiinae Pisidium

SubClass:
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OTU Taxa:
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Taxonomic list and densities of aquatic invertebrates identified and retained from a sample collected July 1 4,2011 at
station CRANDUP-O1, Crandall Creek, Upstream, Emery county, Utah. The sample was collected from targeted riffle
habitat using a Kick Net. The total area sampled was 0.743 square meters. The percentage of the sample that was
identified and retained was 100% of the collected sample. A total of 551 individuals were removed, identified and
retained. The sample identification number is 146824. OTU=operational taxonomic unit. Notes - identification to
genus or species was not supported because: | - immature organisms, D- damaged organisms, M - poor slide mount,
G - gender, U - indistinct characters or distribution, R - retained in our reference collection.

Order Family S u bfamily/Genus/Species Life Stage Density Notes

Phylum: Arthropoda

Class: Arachnida

Trombidiformes
Trombidiformes

Class: Insecta

Coleoptera

Diptera

Diplera

Diptera

Diptera

Diptera

Diptera

Diptera

Diptera

Diptera

Diptera

Diptera

Ephemeroptera

Ephemeroptera

Ephemeroptera

Ephemeroptera

Ephemeroptera

Plecoptera

Plecoptera

Plecoptera

Trichoptera

Trichoptera

Trichoptera

Phylum: Mollusca

Class: Bivalvia

Veneroida

SubClass: Acari

Arrenuridae Arrenurus

Lebertiidae Lebertia

SubClass: Rerygota

Elmidae

Ceratopogonidae

Ceratopogonidae

Chironomidae

Chironomidae

Chironomidae

Chironomidae
Empididae

Simuliidae

Simuliidae

Tipulidae

Tipulidae

Ameletidae

Baetidae

Ephemerellidae

Heptageniidae

Heptageniidae

Nemouridae

Perlodidae

Perlodidae

Hydropsychidae

Rhyacophilidae

Rhyacophilidae

Narpus concolor

Ceratopogoninae Sphaeromiini Probezzia

Chironominae

Orthocladiinae

Tanypodinae

Hemerod rom iinae Hemerodromiini Chelifera

Simuliinae Prosimuliini Helodon

Simuliinae Simuliini Simulium

Dicranota

Limoniinae Antocha monticola

Ameletus

Baetis

Drunella

Cinygmula

Epeorus

Tapada

lsoperlinae lsoperla

Arctopsychinae Parapsyche elsis

Rhyacophila

Rhyacophila rofixa group

adult

adult

laruae

pupae

larvae

pupae

larvae

larvae

larvae

lervae

laruae

larvae

larvae

larvae

laruae

larvae

larvae

larvae

larvae

larvae

larvae

larvae

larvae

larvae

larvae

adult

2.69

14.80

2.69

1.35

2.69

8.07

4.04

49.78

2.69

12.11

8,07

4.04

4.04

1.35

2.69

238.15

32.29

247.57

10.76

10.76

6.73

29.60

2.69

14.80

22.87

4.04Pisidiidae

SubClass: Heterodonta

Pisidiinae Pisidium

Total: OTU Taxa: 26 Genera: 2g Families: 17 741.37

INCORPORATED

FEB 0 I 20f3
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Taxonomic list and densities of aquatic invertebrates identified and retained from a sample collected July 14, 2O11 at
station CRANDMD-02, Crandall Creek, Middle, Emery county, Utah. The sample was collected from reachwide
habitat using a Kick Net. The total area sampled was 0.372 square meters. The percentage of the sample that was
identified and retained was 100% of the collected sample. A total of 201 individuals were removed, identified and
retained. The sample identification number is 146825. OTU=operational taxonomic unit. Notes - identification to
genus or species was not supported because: | - immature organisms, D- damaged organisms, M - poor slide mount,
G - gender, U - indistinct characters or distribution, R - retained in our reference collection.

Order Family Subfa mi ly/Gen us/S peci es Life Stage Density Notes

Phylum: Arthropoda

Class: Arachnida

Trombidiformes

Class: lnsecta

Coleoptera

Coleoptera

Coleoptera

Diptera

Diptera

Diptera

Diptera

Diptera

Diptera

Diptera

Diptera

Diptera

Ephemeroptera

Ephemeroptera

Ephemeroptera

Ephemeroptera

Ephemeroptera

Plecoptera

Plecoptera

Trichoptera

Phylum: Mollusca

Class: Bivalvia

Veneroida

Dytiscidae

Elmidae

Elmidae

Ceratopogonidae

Chironomidae
Chironomidae

Chironomidae

Empididae

Simuliidae

Stratiomyidae
Tipulidae

Tipulidae

Baetidae

Baetidae

Ephemerellidae

Heptageniidae

Leptophlebiidae

Nemouridae

Perlodidae

Rhyacophilidae

Pisidiidae

SubClass: Acari

SubClass: fterygota

SubClass: Heterodonta

Pisidiinae Pisidium

Narpus concolor

Optioserurs q uadrimacu latus

Ceratopogoninae Sphaeromiini Probezzia

Chironominae
Orthocladiinae

Tanypodinae

Hemerodromiinae Hemerod rom iini Chelifera

Simuliinae Prosimuliini Helodon

Galoparyphus

Dicranota

Tipulinae Tipula

Baetis

Diphetor hageni

Drunella

Cinygmula

Zapada

lsoperlinae lsoperla

Rhyacophila vofixa group

adult

larvae

larvae

adult

larvae

larvae

larvae

larvae

larvae

pupae

larvae

larvae

larvae

larvae

larvae

larvae

larvae

larvae

larvae

larvae

larvae

adult

5.38

2.69

48.44

5.38

10.76

29.60

290.63

26.91

13.45

2.69

21.53

2,69

2.69

8.07

2.69

2.69

37.67

2.69

2.69

13.45

2.69

s.38

Total. OTU Taxa: 22 Genera: 16 Families: 17 540.89

INCORPORATED

FEB 0 | 2013

Uiv. of Oii, Gas & fr,tining



Taxonomic list and densities of aquatic invertebrates identified and retained from a sample collected July 1 4,2O11 al
station CRANDMD-02, Crandall Creek, Middle, Emery county, Utah. The sample was collected from targeted riffle
habitat using a Kick Net. The total area sampled was 0.743 square meters. The percentage of the sample that was
identified and retained was 100% of the collected sample. A total of 456 individuals were removed, identified and
retained. The sample identification number is 146826. OTU=operationaltaxonomic unit. Notes - identification to
genus or species was not suppofted because: I - immature organisms, D- damaged organisms, M - poor slide mount,
G - gender, U - indistinct characters or distribution, R - retained in our reference collection.

Order Family S ubfa mi ly/Gen us/S peci es Life Stage Density Notes

Phylum: Annelida

Class: Clitellata

Phylum: Arthropoda

Class: Arachnida

Trombidiformes

Trombidiformes

Trombidiformes

Class: lnsecta

Coleoptera

Diptera

Diptera

Diptera

Diptera

Diptera

Diptera

Diptera

Diptera

Diptera

Diptera

Diptera

Diptera

Diptera

Ephemeroptera

Ephemeroptera

Ephemeroptera

Ephemeroptera

Ephemeroptera

Ephemeroptera

Plecoptera

Plecoptera

Plecoptera

Trichoptera

Trichoptera

Trichoptera
Trichoptera

Phylum: Mollusca

Class: Bivalvia

Veneroida

Phylum: Nemata

Class:

Hydryphantidae

Lebertiidae

Elmidae

Ceratopogonidae

Chironomidae

Chironomidae

Chironomidae

Chironomidae

Empididae

Empididae

Empididae

Psychodidae

Simuliidae

Stratiomyidae

Tipulidae

Tipulidae

Ameletidae

Baetidae

Ephemerellidae

Heptageniidae

Heptageniidae

Leptophlebiidae

Nemouridae

Nemouridae

Perlodidae

Hydropsychidae

Limnephilidae

Rhyacophilidae

Rhyacophilidae

Pisidiidae

SubClass: Oligochaeta

SubClass:Acari

Protzia

Lebertia

SubClass: Pterygota

SubClass: Heterodonta

Pisidiinae Pisidium

SubClass:

Narpus concolor

Ceratopogoninae Sphaeromiini Probezzia

Chironominae

Orthocladiinae

Tanypodinae

Hemerod rom iinae Hemerodromiini Chelifera

Neoplasta

Pericoma

Simuliinae Prosimuliini Helodon

Caloparyphus

Dicranota

Tipulinae Tipula

Ameletus

Baetis

Drunella

Cinygmula

Epeorus

Zapada

Tapada cinctipes

lsoperlinae lsoperla

Arctopsychinae Parapsyche elsis

Rhyacophila

Rhyacophila vofixa group

adult

adult

adult

adult

larvae

larvae

pupae

larvae

larvae

larvae

pupae

larvae

larvae

larvae

pupae

larvae

larvae

larvae

larvae

larvae

larvae

larvae

larvae

larvae

laruae

larvae

larvae

larvae

larvae

larvae

larvae

adult

adult

13.45

5.38

4.04

37.67

40.36

21.53

1.35

2.69

106.29

1.35

2.69

37.67

1.35

1.35

1.35

32.29

2.69

?.69

1.35

157.42

41.71

40.36

8.07

1.35

2.69

1.35

20.18

1.35

1.35

6.73

6.73

4.04

2.69

I

I,U

Total: OTU Taxa: 33 Genera: 23 Families: 22 613.55

!;v. of Oil. Gas a frlinino
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Taxonomic list and densities of aquatic invertebrates identified and retained from a sample collected July 14, 2011 at
station CRANDLWR-O3, Crandall Creek, Lower, Emery county, Utah. The sample was collected from reachwide
habitat using a Kick Net. The total area sampled was 0.372 square meters. The percentage of the sample that was
identified and retained was 100% of the collected sample. A total of 77 individuals were removed, identified and
retained, The sample identification number is 146827. OTU=operational taxonomic unit. Notes - identification to
genus or species was not supported because: | - immature organisms, D- damaged organisms, M - poor slide mount,
G - gender, U - indistinct characters or distribution, R - retained in our reference collection.

Order Family Subfamily/Genus/Species Life Stage Density Notes

Phylum: Annelida

Glass: Clitellata

Phylum: Arthropoda

Class: Arachnida

Trombidiformes

Trombidiformes

Trombidiformes

Trombidiformes

Class: lnsecta

Diptera

Diptera

Diptera

Diptera

Ephemeroptera

Ephemeroptera

Ephemeroptera

Ephemeroptera

Ptecoptera

Trichoptera

Trichoptera

Trichoptera

Phylum: Mollusca

Class: Bivalvia

Veneroida

SubClass: Oligochaeta

SubClass: Acari

Arrenuridae Arrenurus

Lebertiidae Lebertia

Sperchonidae Sperchon

SubClass: fterygota
Chironomidae

Empididae

Empididae

Empididae

Baetidae

Baetidae

Heptageniidae

Heptageniidae

Perlodidae

Hydropsychidae

Limnephilidae

Rhyacophilidae

Orthocladiinae

Hemerod romiinae Hemerod rom iini

Neoplasta

Baetis

Epeorus

Hydropsychinae Hydropsyche

Rhyacophila angelita group

adult

adult

adult

adult

adult

larvae

pupae

larvae

larvae

larvae

larvae

larvae

larvae

larvae

larvae

larvae

larvae

adult

5.38

5.38
2.69

10.76

10.76

53.82

2.69

5.38

8.07

10.76

37.67

10.76

18.84

5.38

2.69

5.38

5.38

5.38

D,U

I,D

Pisidiidae

SubClass: Heterodonta

Pisidiinae Pisidium

Total: OTU Taxa: 18 Genera: I Families: 13 207.21

INCORPORATED

FEB O I ZOI3
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Taxonomic list and densities of aquatic inveilebrates identified and retained from a sample collected July 1 4,2011 at
station CRANDLWR-O3, Crandall Creek, Lower, Emery county, Utah. The sample was collected from targeted riffle
habitat using a Kick Net. The total area sampled was 0.743 square meters. The percentage of the sample that was
identified and retained was 100% of the collected sample. A total of 647 individuals were removed, identified and
retained. The sample identification number is 146828. OTU=operationaltaxonomic unit. Notes - identification to
genus or species was not supported because: I - immature organisms, D- damaged organisms, M - poor slide mount,
G - gender, U - indistinct characters or distribution, R - retained in our reference collection.

Order Family S ubfa mily/Gen us/S pecies Life Stage Density Notes

Phylum: Annelida

Class: Clitellata

Phylum: Arthropoda

Class: Arachnida

Trombidiformes

Trombidiformes

Trombidiformes

Trombidiformes

Class: lnsecta

Diptera

Diptera

Diptera

Diptera

Diptera

Diptera

Diptera

Diptera

Diptera

Ephemeroptera

Ephemeroptera

Ephemeroptera

Ephemeroptera

Ephemeroptera

Hemiptera

Plecoptera

Plecoptera

Plecoptera

Plecoptera

Trichoptera

Trichoptera

Trichoptera

Trichoptera

Arrenuridae

Hydryphantidae

Lebertiidae

Sperchonidae

Ceratopogonidae
Chironomidae

Chironomidae

Empididae

Empididae

Empididae

Tabanidae

Tipulidae

Tipulidae

Ameletidae

Baetidae

Baetidae

Heptageniidae

Heptageniidae

Genidae

Chloroperlidae

Nemouridae

Perlodidae

Perlodidae

Brachycentridae

Hydropsychidae

Limnephilidae

Rhyacophilidae

SubClass: Oligochaeta

SubOlass:Acari

Arrenurus

Wandesia

Lebertia

Sperchon

SubClass: Rerygota

Orthocladiinae

Hemerodromiinae Hemerodromiini

Hemerodromiinae Hemerodromiini Chelifera

Neoplasta

Tabanus

Limoniinae Antocha monticola

Limoniinae Hexatomini Limnophila

Ameletus

Baetis

Epeorus

Chloroperlinae

Amphinemurinae

lsoperlinae lsoperla

Brachycenirus americanus

Hydropsychinae Hydropsyche

Rhyacophila angelita group

adult

adult

adult

adult

adult

pupae

pupae

larvae

larvae

larvae

larvae

larvae

larvae

larvae

larvae

larvae

larvae

larvae

larvae

larvae

larvae

larvae

larvae

larvae

larvae

larvae

larvae

larvae

20.18

1.35

1.35

44.40

30.95

2.69

10.76

314.85

16.15

13.45

32.29

22.87

3.36

2.69

1.35

5.38

181.64

5.38

111.68

1.35

1.35

9.42

4.04

12.11

1.35

1.35

1.35

12.11

I

D

Total: OTU Taxa: 28 Genera: 16 Families: 21 870.54

iNCORPCRATED
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APPENDIX 2
MACRO I NVE RTEB RATE METRI CS
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Range (Minimum & Maximum) of Values for Each Metric, by Location
(Using data from Fall 2009 through Spring 2011)

Metric Name
CRANDUP.Ol CRANDMD.Oz CRANDLWR.Os
Minimum Maximum Minimum Maximum Minimum Maximum

Richness 21 45 22 36 18 28
Shannon's Diversity 2.03 2.78 1.87 2.59 1.7 2.50
Evenness 0.62 0.76 0.54 0.75 0.53 0.85
EPT Taxa Abundance 56 738 69 291 26 348
# of lntolerant Taxa 3 11 5 B 1 6
HBI 3.53 5.86 3.55 5.01 1.91 4.51
# of Clinger taxa 4 11 6 11 4 7

Long-lived Taxa 0 7 1 4 0 3

CTQd 63 B1 75 93 77 97
Percent Shredders 1.5 15.7 0.9 5.4 0.0 3.2
Percent Scrapers 0.0 38.2 0.0 13.5 0.0 5.3
Specialist Feeders: Generalist
Feeders

0.1 0.9 0.0 0.3 0.0 0.1

Percent EPT 1B.g 83.5 5.0 47.4 4.8 46.9
Percent Chironomids 8.8 66.0 18.2 64.1 20.5 54.7
EPT:Chironomids 0.3 9.5 0.1 2.6 0.2 1.8
Percent Baetis, Hydropsychidae,
& Ofthocladiinae

9.3 39.2 32.6 55.2 25.0 65.7

Baetis: All Ephemeroptera
{Percent)

0.0 72.7 15.0 100.0 48.3 100.0

Percent Tolerant Organisms (HBl-
based)

0.0 38.1 0.0 6.7 0.0 0.3

Percent H eptageniidae,
Chloroperlidae, & Rhyacophila

o.7 39.9 0.6 10.1 0.0 16.9

Heptageniidae: All Ephemeroptera
(Percent)

0.0 48.6 0.0 70.0 0,0 38.3

JBR Environmental Consultants, Inc.
Crandall Canyon Mine Macroinvertebrate Study July 201 I

nppffrffi@Rp6HnTED

rFB 0 | 2013
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HNALco SAFETY DATA SHEET
PRODUCT

NALGLEAR@ 7763

1. I cHEHIcAL PRoDUcT AND coiIPAT*Y IoEHTIFIcATIoN

PRODUCT }{AME :

COMPANY IDENTIFICATION :

EHERGEIIICY TELEPHOHE NU}IBER(S} :

NFPA 7O4M/HMIS RATING
HEALTH: 0/1 FLAMMABILITY:
0 = Insignificant 1 = Slight 2 = Moderate

NALCLEAR@ 7763

Nalco Company
1601 W. Diehl Road
Naperuilfe, lllinois
60563-1 1 98

(800) 424-9300 (24 Hours) CHEMTREC

111 INSTABILITY: O/O OTHER:
3 = High 4 = Extreme * = Chronic Health Hazard

o|r haard ddudon has fourd that thb prodrc{ b not haardo|l3 urder 29 CFR i9l0. i2OO.

* EIIE RG ENCY OVERVI EUTI'*

GAUNON
May cause initation with prolonged contact.
Do not gd In e}les, on shn, on dotrrrU. Do not take inbmally. Wbar 3ultable prohc't\€ do0ting. f€ep contain€r
t[hUy cloeed. In case of conbci with eyge, dnse imrredlabtj wrur denty C uriter and saek meibd advice. Afier
contec{ with €kin, vuash lrm€didely wih pl€nv of wabr. U3o a mild soap if available. Prdect product lhom freezing.
tllbar sultable profrac{ive doftlng, glolr€s and qe/la prctectin.
!!g €tgv€ ordd€3 of carbon (COx) umbr firc cqrditbnl. May eroh,s oxklea of nirogen (NOx) urd€r fit€ onditiom.
W&r in conbcn wilr the produc,t will cause sllDo€ry froor conditiorE.

PRIMARY ROUTES OF EXPOSURE :

Eye, Skin

HUMAN HEALTH HAZARD$ - ACUTE :

EYE CONTACT:
May cause initation with prolonged contact.

SKIN CONTACT:
May cause initation with prolonged contact.

INGE$TION :

iNCORPORATED

FEB 0 I 20t3

Div, of Oji, Gas a i,4ining

Not a likely route of exposure. lf swallowed a jelly mass rnay brm wfrich in digestion may cause blockage.

ila|coGompany1601W.Dieh|Road.Napervi||e'|l|inois60563-1@
For additional copies of an MSDS visit wrrwrr.nalco.conr and request access.
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HNALco SAFETY DATA SHEET
PRODUCT

NALCLEAR@ 7763

INHAI-ATION:
Not a likely route of exposure. Repeated or prolonged exposure may initate the respiratory tract.

SYMPTOMS OF $(POSURE :

Acute:
A review of available data does not identrff any symptoms from exposure not previously mentioned.
Chronic :

Frequent or prolonged contact wfth product may defat and dry the skin, leading to discomfurt and dermatitis.

AGGRAVATION OF EXISTING CONDITIONS :

EYE@NTACT:
lmmediably flll3h with plonty of urahr lbr at le8t 1 s minub. tf symptom darelop, 3o€k medbal advlce.

SKN CDNTACT:
R€movB contamln$d dohing. tltrhsh off afiBtrd ar€a immediably with soap and plenty of wabr. lf sympbms
devdog s6k m€dical advlce.

INGESTION:
Do nd indue vornillng wihout medi:al dvice. lf conscious, rBhout mouth and gir,o waF b ddnk. Get medi:al
afi€ntion.

INMI.ATION:
Rcmove b fiash air, tcat gympbmatcally. f 3ymptom devsbp, s€€k rn€dical arhrica.

NOTE TCI PHYSICIAN :
Bas€d on th€ indlvldual te*'tions d the patbnt, h€ ptrysiclan! Judgement 3houtd bo u3od b oontol Bymptcms and
dinid condition. lf $rralloilEd aFlV rrass nray frm ti,tri:n fn dipsUon may cause blockags.

A rqri€rf of alrailaue data doee nd identifi any rrcrsening of o(isling condltions.

FI.ASH POINT:

LOWER EXPLOSION LIMIT:

UPPER EXPLOSION LIMIT:

EXTINGUISHING MEDIA:
Foam, Dry pouder, Carbon dioxide, Other extinguishing agent suitrable for Class B fires

UNSUITABLE E)ffINGUISHING MEDIA :

Do not use water unless flooding amounts are available.

Not flammable

Not flammable

Not flammable

INCORPORATED

FEB 0 | 20t3

Lliv. of Cii, Gas * fu,!inina

Nalco Gompany 1601 W. Diehl Road . Naperville
For additional copies of an MSDS visit rvrrrnr.nalco.com and request access.
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HNALco SAFEW DATA $HEET
PRODUCT

NALCLEAR@ 7763

EHERGEHCY TELEPHOHE HUIBER(S}

May elrolve dHes of ca6on (COx) und€r f]€ condltions. May enrohre uides of nlbogen (NO() urd€r fire conditions.
\ltrabr in contact with the product will causs slippery f,oor conditions.

SPECIAL PROTECTIVE EQUIPMENT FOR FIRE FGHNNG :
In casa of fite, wear a full hce pcitive-pressure sef oontiined br€ahing appatdls and protoct € suit.

PERSOML PRECAI,JIIONS :
R6sbict€co63 b. .aree F ?pgop4ab until clea]t|lp operdorc are compl€b. l{oti{y apprcpdab govemment,
ocguEfom! h€alth and aafety and environmantal auhoritiee. Ersure dean+p b condriAeb by trained pe]3onnel
only. Do mt buch spilled mabrial. Sbp or r€duce any teaks if it is sab to Oo io. Use peraonai protec{h;€ €quipment
r€cornmend€d in S3c-lion 8 (E Fure Conbols/personal prcbcdon). Spill may bo slippery.

METHODS FOR CLEANING UP :

SITALL SPILLS: S-oak up 3pill wih absorbent mabdal. Place reelduea in a suibble, ccn €red, propedy lab€led
conlainer. lltlah aftcted area LARGE SPILLS: tllhter in conH witr th€ prcduc{ will crceb i v6tuniirnus, slippery
gel. Soak up as thoroughly as poaelble wih inst *so]bent mabbl or 3ardust. Do NOT hoee domr area until iil
posdua tsacas of polymer a]e l€flE\r€d. Conbct an appor€d w*le haul€r fur dispoeal of contNminabd rccor€red
mabrial. Dbpose of maFial in comdiancs wih r€guladons indicaEd in S€c{ion 13 (Dispocat Consideratims).

E]MRONMENTAL PRECAUTIONS :

l-lannful b aquatb orgenisms., Pt3v€nt mabrld tom enbdng s#e13 or webnmys., lf drains, sbea.rs, soil or sese|t
b€corE contaminaled, ndify local auhodty.

TIANDLING:
Do not take inbrnally. Haw ernergency €quipnont (br fir€s, sltilb, leaks, etc.) t€adily aveilable. Emur€ all containcrs
are bbebd. Do not get in eyer, on skin, m dodring. Use wifr adequate wntiiation. kiaep tre con66ere dosed whe.l
not in use.

STORAGE CONDITIONS :
Sbre in suibble labeled ontaineB. sbr€ lh€ containeF tighty dosed. Sbre separably fronr oxidizeB. probct
ptoduct from freeing.

SUITABLE CONSTRUC11ON MATERII{L :
Compatibiliv with Plasffc Mabriab can vaty; wE th€rebre ncommend that compatibitig is bsbd pdor b use.

OCCUPANONAL H(POSURE LIIITIITS :

This product does not contain any substance that has an estrablished e)qgosure limit.

I 
ENGINEERING MEASURES :

iNCORPORATED

FEB 0 | 20f3

Div. of tii, Gas i{ i'dininq

Halco Gompany 1601 W. Diehl Road . Naperville, lllinois 60563-1198 ;(ffi0)30$1000
For additional copies of an MSDS visit yrunr.nalco.com and request access.
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HNALco

EHERGEIiICY TELEPHOHE

{8m} 42+9300 {24 Houre}

General ventilalhn is rccomtnend€d. Local erdraust rantilation may be nmaary wlren dugb or misb arB gEnerabd.

RESPIRATORY PROTESNON :

Vtherc concentdons ln alr may e)rceod the limib gh,sn in this 3€c{irn or when signlfrcdlt mbtB, vapoB, aerosob. or
durb ate gEnorabd, an appornd air purifllng r€spirtur equipp€d wilh .uibbts fiher ca,tidgEs is riommended.
Comult the t€spirabr, caM-dge manubctuEr dab b vr'iry the suitability of s@frc dwices. In cwnt of cmeqcncy
or pbnned snfy Inb unknowt oonconbaliom a pocilivE gessut€, fulFfacefteoe SCEA ghould be used. lf r€sdrabry
pfobction is r€quiGd, insfitub a compleb r€sfirabry p]lbcth prcgram induding etc.tion, fit bcling, faining,
mainbnance and irEpectixt.

}IAND PROTEGTION :
Wh€n handling thi! ptoduct the use of cfi€mical glotr€8 i3 r€comm€nded. The cfioioe of work glow depen& on uro.k
oottdiuong ard whal dl€mlcals a]c handled. Pbes€ conH th€ PPE manulbcturs br adrrice m wllat gpe of gto\re
material mry be suibblE Gloves should be eptaed imm€disly if slgns of degradatim alg obserwd.

SKIN PROTECTION:
tt ear lErdard probcthro dohing.

FfE PROTEGTION:
la&ar chemical apbh gogglee.

HYGIENE RECOIIMENDANONS :
lry Sood $(rk attd pdronal hygiene pretices to aroftl €xpcure. K€op an eye we3h buntaln a\railablo. l(eep a
saHy sho*€r avaibHe. lf clo0ting ir conbrdnated, r3mo\€ ctothlng and tlroo'ughly sesh tha afr€cbd area. Liunder
conbminabd dofting befure rause. Afuvays ryash thoroughty afor handtiry ctenri:ats. Vltren handing thb product
nqrsr eat ddnk c lmoks.

HUMAN EXFOSURE CFIARACTERIZATIOil :
B*ed on olr ecornr€nd€d produd application ad p€Fonal probctvo equiprnent the pobntial humn erposu]e iB:
l.ow

9. PHYSICAL AHD CHEIIICAL PROPERTIES

PHY$ICAL STATE

APPEARANCE

ODOR

SPECIFIC GRAVITY
DENSITY
SOLUBILITY IN WATER
pH (100 %)
VISCOSITY
FREEZING POINT
VOC CONTENT

Emulsion

Opaque Off-white

Hydrocarbon

1.03 - 1.07 @ T7 "F I 25 "C
8.6 - 9.0 lHgal
Emulsifiable
I
400 - 1,200 cps @ 77 "F / 25 'C
<40F/<-20"C
27.4 % EPA Method 24

INCORPCRATED

FEB 0 | 20f3

Note: Thecs physlcal prcperliea alr Vpi(d rralu€s br thir pEduc{ and ar€ suqFc{ b changcDiv. of Oil, Gas & Mining

O
Halco Company 1601 W. Diehl Road . Naperuille, lllinois 6056$1198 . (630)305-1000

For additional copies of en MSDS visit wrmr,nalco.com and request access.
4/10
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I
HNALco

(800142+9300 (2f Hourcl CHEitTREc

SAFETY DATA SHEET
PRODUCT

NALGLEAR@ 7763

EHERGEITICY TELEPHOI{E NUlrrlBER{Sl

10. STABILITY AHD REACTIVITY

STABIUTY:
S'Sle under nqml conditimr.

HAZARDOUS POLYilERIZATION :
Harlous polymerization will not occur.

COND]TONS TOA\/oID:
F €eing gnp€rafrJt€l. E,dl€nps d bmperatire

IIIATERI.AI-S TO A\O]D :

Addition of wabr r€sults In gelliitg. Contact with stong oxidtsee (ag. chlodne. p€ruHss, cfiromabs, nitric acid,
perchlorato, concenhabd orygen, p€nnarEarEb) may gen€rab het, firea, elgloeiqrs and/or bxic r.apols.

}IAZARDO{,'S DECOMPOSMON PRODTJCTS :
Under fire conditions: Oxides of carbon, Oxides of nitrogen

No toxicity studies have been conducted on this product.

I sENst'zAtoN:
Thls product b not €rgecled b be a 3€nsitiz€r.

CARCINOGENICIW:

!!gp^gt F" +Ft"na€s ln this product {e lblad as carcinogens by the Inbmdional Agency br Re€aftfi on Cancet
(IARC),.the Natimal Tor.toology Program (NTP) or th€ tunedcan Cjmiarence ot eorenrmeriut tndusbial Hygieflisb
(ACGTH).

HUi'AN HAZARD CI-IAMCTERIZATION :

Baed on our hzard cfiaracbtsatlon, the pobntial human lrzard ia: Low

ECOTOXICOLOGICAL EFFECTS :

The follqring results are for the product, unless othenvise indicated.

ACUTE FISH RESULTS :

1% Aqueous Solution of a Similar Product
1% Aqueous Solution of a Similar Product

l- Div. of oil, cas & t,4inino

HalcoGompany1601W.Dieh|Road.Napervi||e'||linois
For additionalcopies of an MSDS visitnnnrrr.nalco.com and request access.
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HNALco

EHERGEHCY TELEPHOHE HUHBER(SI
(EO01424-9300 (24Hoursl CHEIITREC

SAFEW DATA SHEET
PRODUCT

NALCLEAR@ 7763

Species Exposure LC50 EC50 Test Descriotor
Daphnia nEnna 48 hrs 280 mq/l 1olo Aqueous Solution of Product
Mysid Shrimp (Mysidopsis
bahia)

96 hrs 400 nry/l 1olo Aqueous Solution of Product

Daphnia magna 48 hrs 0.12 - 0.69
mo/l

Similar product tested in clean
water

ACUTE INVERTEBRATE RESULTS :

MOBILITY:
The environm€ntal hte was €stimeied ulrng a level lll fugacity rbdel ertedded in fie EPI (estimalion program
inbriace) Sdb TM, ptovitt€d by the US EPA. The model asaunree a scady 3trb co.dltion bdhN€en the tbtaiinput anC
outslrt The levd lll model das not requil3 equiliMum behi€en the defined rnedia. The infomation prwided is
inbtded b ghre t|e user a general stimate of the environmntNl faE of thb prodrrct und€r ihe defined conditions of
the modeb.
lf rel€as€d Inb the onvitonm3r this msrid is ereecbd b distibub b the air, rvater and 3oiulodiment in the
apprcxim# mspc{ito Frcentages:

Air Water Soil/Sediment
<5olo 10 - 30o/o 70 - g0%

BIOACCU M ULATI ON POTE NTIAL
This preparation or material is not expected to bioaccumulate.

ENVIRONMENTAL HMARD AND EXPOSURE CHARACTERIZATION
Based on our hazard characterization, the potential environmental hazard is: Moderate
Based on our recommended product application and the product's char:acteristics, the potential environmental
exposure is: Moderate

lf released into the environment, see CERCLA/SUPERFUND in Section 1F.

lf thls_p,rcdrc-t becom€s a wasb, it is nct a haadous rvasb a3 defned by the Resoure Cons€n ation and Recorery
Act (RCRA) 40 CFR 261, since it des nd hav€ the drarac'te.bUca d Su5pert C, mr is it tisoEd urder Subpert D.

As a non{tzadotts wasG, it i3 ncf sutrject b ftderal rcgutation. Comult stab or local r€gutation 
'6r 

any additbnal
handling. bedment or dkpcd requir€tnentB. For dispocal, cfiH a ptoperty ttcenseA Gae festneni, sOrage,
dilpcal or.€cycling lbdlity.

The in|b|neilbn in this sec'tion is ftr rebrence only and 3fiould nd take the pla of a shipping p4er (bi of lading)
sFcific b an order. Please nob. that the prcpor shipping Narre / Ftard ciass mry nad b ni*acrnc. prgpertiri,
and mod€ of lransportaffon. Typical PoperShippingNameEforthbgoduc{a;gaioilo;'s.-'INUORPORATED'

FEB 0 | 2013

PRODUCT lS NOT REGUI-ATED DUBft{€f i:il, hii.r & ioitininn

LAND TRANSPORT:

Proper Shipping Name :

Ha|cocompany1601W.Dieh|Road.Napervi||e,lllinoisgoses-t1gW
For additional copies of an MSD$ visit www.nalco.com and request access.
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HNALco

{8001424-9300 (24 Houru} CHEHTREC

SAFEW DATA SHEET
PRODUCT

NALGLEAR@ 7763

EmERGENCY TELEPHOTf E H UitBER(Sl

ArR TRANSPORT (|CAO/|ATA) :

Proper Shipping Narre :

MARTNE TRANSPORT (|MDG/|MO) :

TRANSPORTATION

PRODUCT IS NOT REGULATED DURING
TRANSPORTATION

Proper Shipping Name : PRODUCT IS NOT REGUI.ATED DURING
TRANSPORTATION

15, REG U LATORY IN FORTIATION

Thb ssc0on cont|ins addltional Inbrmatbn that may havE rd€l/ilcs b rugubbry complianca. The inbmafion in this
3€dion b lbr ]*r€nce only. lt is not eftaustiw, and ahould mt bs relid upon b bke th6 place of an indMduallzed
compliancs or hzard a$$sment t{dco accepos m lbbility br the use of this infuirnation.

MTIO}.|AL REGUTATIONS, USA :

OSFIA TIAZARD COMMUNICANON RULE,29 CFR 1910.1200:
Our hazad evalualion has bund hat this prcduct is not huardot,|s und€r 29 CFR I 91 O. 1 2OO.

CERCII/ISUPERFUND, 40 GFR 302 :
Notificalion of spills ot lhb product b not l€quired.

SARA'SUPERFUND AMENDMENTS AND REAUTHOREANON ACT OF 1SSS CATIE ilD - SECTIONS 302, 31 1,
312, AND 313:

SECT|ON 30il - EXTREMELY FTAZARDOUS SUBSTANCES (/O CFR 356) :
This ptodtft* d(E not cdrtain 3ub6tanc6 listBd in App€ndix A and B as an Extemely Haadou3 SubsbncE.

sEcnoNs 311 AND 312 - MATERTAL SAFEW DATA SHEET REQUTREMENTS (40 CFR 370):
Our hazard waluetion has burd hat this prcduct is nd haardolls under 29 CFR iglO.12OO.

Un&r SARA 311 and 312, the EPA has eatablbhed thr€shold qr.rant'lbs h h6 rapoding ot hzaftbrc dl€micals.
The cunent lhreholds are: 5(n pounds or the thrcshold planning quaniily [fPQ), f,fii:helrer ls lour€r, for exu€mely
hazardous aubstances and 10,0(Xl pounds br all o0ler haadous itremicaf.

sEcTroN 3.t3 - UST OF TOXTC CHEMTCALS (lo CFR 372) :
Thb product do€8 not contain subsbnc€s on the List ofToxic Chemicab.

TOX|C SUBSTANCES CONTROL ACT fiSCA) :
The gubatances in this F€paration ar€ includ€d on or erempted fiorn the TSCA 8(b) lrnanbry (a0 CFR 710)

FOOD AND DRUG ADMINISTRATION (FDA) F€dera| Food, Drug and cosmetic Ac-t : INCoRPoRATED
wh€n t|se lituatlons nececaitab complianco with FDA Egulationr, this prcduct b acceptable under: il dFR'iie.izo
compon€nb of pap€r.and pepelboaid in @rilac{ wi[| aqueous and fadl tooos and 2i'cFR tz€FtB (Ffr40tgnb of

I 
paper and paperboard in contact with dry foods.

Italco Company 1601 W. Diehl Road. Napervitle, lllinois60563-1198. (630)305-1000
For additional copies of an MSDS visit unmr.nalco.com and request access.
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HNALco SAFETY DATA SHEET
PRODUCT

NALCLEAR@ 7763

EHERGEHCY TELEPHOHE HUHBER{SI

llmibtion: For use as an adjuvent in lho manulbctur€ of papor and pepe|board in an amount not b €xceed that
n€c€ssaty b accoridbh the bchnical €ftd and not b e,(ceed 2 perent (as povmer) by yreight of the pep€r or
pap€rtoard.

NSFINIERMNOML:
This ptoduct h* received NSF/lntsrnatonal canificatlon un&r NSFTANSI Standard 60 In the coagulation and
fiocculdion caEgory. This prcduct has €csirr€d NsFrlnbmational c€rtificdion undor NSF/ANSI Standard 60 in he
FilHirn Ait cabgory. The fficial name is "Polyacrylamide.,' Maximum product apdication dos{e is : 3 mgn.

FEDEML WATER POLI-UTION COnfTROt ACT, CTEAN WATER ACT, 40 CFR 401 . I 5 / brm€dy S€c. 307, /O CFR
I I 6.4 , brm€dy S€c. 31 1 :
Thls Foducn may contain taca le\rds (<0.1% br carcirEgens, <l % all oft€r subctanceo) of the bllofling subtenc€(s)
lbbd undor the Eguldion. Additionat cornpon€nb mey be unlnbntionally pr€s€nt at baca lar€b.

Substance(s) Gitations
r Benzene Sec. 307, Sec. 31 1

CLEAN AIR ACT, S€c. 112 (Haadils Air PollutNnts, a3 am€nd€d by 40 CFR 63), Sc. 602 (.f0 CFR 82, Cta$ | and
ll Ozone Defleting Substanc6) :
Ttis prodtd rlay conbin haca le\tols (<).1% br cadnogens, <1% all o0nr sub8fianc6) ot the blldring substance{s)
llsbd und6r the t€gulatim. Addilional componentB may be uninEntionalty pr$ent at trace leveb.

Substance(s) Citations
I Benzene
. Acrylamide

Sec. 1 12

CALIFORNIA PROFOSITION 65 :
Thb p]odud contein! m lbbd Eubstances known b th€ Sbfts of Calibmia b cause carEr. birth d€6ec1s or othcr
repodudiE harm, at l€n€b, which would requira a wamlng under th3 statub.

MICHIGAN CRITICAL MATERIALS :
Subdances lirbd und€r thb rsgulation a]e nd inbntimally added or expec&d b be pl€s€nt in thb product. Lid€d
oo.nponenb may be pr€sent at baca lev€ls.

STATE RIGHT TO KNOVT/ I.AWS :

Sub€tilce8 lbbd under this r€gulatio.r are not inbntonally d&d or exp€cbd b be pGs€nt in thb product. Usbd
componsfiB may be pcs€nt at traca lw€ls.

INTERNATIOI-IAL CHEMICAL CONTROL I,AWS :

iNCORPORATED

FEB 0 I 2013

Uiv. of Oil, Gas * lrtininc

Heho Gompany 1601 ltt/. Diehl Road 'Napervllle, lllinois 60563-1198 . (630)305-1000
For additional copies of an MSDS visit rrvvrnr.nalco.com and request access.
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HNALco SAFETY DATA SHEET
PRODUCT

NALCLEAR@ 7763

EHERGEI,ICY TELEPHOHE HUIIB ER(SI

{800} 42+9300 {24 Hoursl CHEIITREC

CANADIAITI ENVIRONMENTAL PROTECIoN ACT (CEPA) :
The subatance(e) In this peparatlon are included in or g)cmpbd fiom the Domestc Substanca Lht (DSL).

AUSTMLIA
All subo0ancee in thb prcduct corndy with the tlational Indusffial Chemicab Notificaton & Ass€ssm€r Sch€me
(Nrcl{As).

CHINA
All substances in thb ptoduct comdy with lhe Prqrisions on the Envlronmentat AdminEtration of New Chemical
Substancea ard al€ lisbd m the Inwnhy d E)dsdng Chemftral Subsianc8 China (IECSC).

EUROPE
Tha subctates in thb pFparation ha,s b€en rwbn€d br ompliance with the EINECS or ELINCS inwntories.

JAPAII
All subtanc€s in thb product comply with the Law Regulatng the Mildbctu.e and lmportation Of Chenical
Subctances md are lFted on the E dstirg and New Chemical Suh[ance8 list (ENCS).

KOREA
All subsbnc€s in thb product cornply tflith the Toxlc Chemlcd Confrd Lgw OCCL) and ar€ lbbd on the Existing
Cherlcalr tist (ECL)

NEWZEAI-AND
All 3ubsbnc€s In lhb product comply wih the Huardou3 Sub€tanc$ and New OE€nbms (HSNO) Ad 19g6,ard ar€
lisbd on or are ercinpt iom the New Zealand Invenbry of Ch€micab.

PHILIPPINES
All 3ubstanc€s in thb Foduct comply wih the Republic Act 0S69 (RA 6969) ffd are lbbd on tfte Philippines Inv€nbry
of Ch€micab & Chemical Subctanc6 (P|CCS).

16. OTHER IHFORTIATIOH

Due b our cdnmirnent b Product SHrard*rip, re harc evaluabd he human and environmental huads and
opoourca of this prcdud Based on our rccommgded use of thb product, we havs charactedzed Up produc{s
general dsk Thls InlbraElbn should provide assbtance foryour own &k lf€nqsmsnt Factic6. Wb hare e\raluabd
our producfs risk as follotrs:

* The human risk is: Lotr

* The environmental risk is: Moder:ate

INCORPORATED

FEB 0 | 2013

Div. of 0il, Uas * i.,iinrnc

Any t|3o inconsbH witr our r€commeri.letorr3 may aftct the ri3k char&torizdkrn. Our sales r€pr€s€nHvE will
assH you b (hmine if your produc't applicalion ls comisbnt with our r€commendditG. Togdter w€ can
lmdement m approprbb risk rEneerEnt p(Eess.

This product rEbrial saHy dab sh€et pro,vld€s h€fth and saiety Infomatim. The prodlct i3 b tr us€d in
applbatiom consisbnt wlth our prodrd llbratrle. IndMduab handling this produd shanld be inbrmed of the
I*ommendGd seftny prautiona and should har access b thb inlbfinalim. For any other uses, exposures 3houH

f{aho Company 1601 W. Diehl Road - Naperville, lllinois 60563-1198 . {630}305-1000
For additional copies of an MSDS visit www.nalco.com and request access.
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HNALco SAFEW DATA SHEET
PRODUCT

HALCLEAR@ 7763

EHERGEHGY TELEPHONE NUmBER(SI
(800142+9300 (24 Hourrl CHEHTREC

be e\raftJabd_so that ryopdab handling pract'E€s ard baining programs can be $bblbhed b imure 3ete mrl(pl@
operations. Pl€Ge consult your local 3ale! lepr€s€nbtiw for any fudher inbnnation.

REFERENCES

ThtesltoH Limit Value br Clrenrical Subctances and Physiral Agenb and Bblogicat E)eosure Indices, Am€rican
Gonblence of Go\€mrsrtal Indusfrial Hygienisb, OH., (Rriet tnibntn COnoM Vetrid'ry, erie nBearch Corp.,
B€fte3da, MD.

llzardous Subatrtc€s DS Banlq National Ubrary d M€dicine, Belh€sda, Marytand CrOMES Cps|fl CD,ROM
Versbn), Micrunod€rq Inc.. Engteu/ood, CO.

IARC Mmographs m lhe Evaludion of the C8rdnogenb Rbk of Che.ni€b b Man, een€n.a: Vvbrld Hcaul
OE€nizalion, InFnalio€l Agency fur Reaearch on @ncer.

hEgrebd- Risk lnbmston sysbrn, u.s. Enrrironm€ntal probction Agency, Itr,bshlngbn, D.c. (toMEs cpsil
C[!'ROMVe]|'bn),
Micromeds, lnc., Englewsd, CO.

$ngt Fpqt m Carcinogens, Ndimal Toxidogy Program, U.S. D,epafinfit of Health and Hurnan Services, Public
Health Seryloe.

Title.2€ Code of F€deral RglFqgnq P€t I 91 0, Subpart Z, Todc and Huardous Substanc€s, Occupafiional Sabty
a.d Health Adminbtdbn (osHA), (tuiel lnsightn cI>'RoM vonBion), tuiet R€leardr corp., g€o|gsda, uo.

Regbry of To)dc EftctB of Chemical Substances, NaUoml lmtitub br Oocupalimal Safety and Healttr, Cincinnaii,
oH,
FOMES CPSn CD'ROM Version), Micronpdex, lrr., Englarvood, CO.

lrie.l lryigttt.w (An inbgnted guitb b indusfH cfiomicals ccn€r€d under mE'or Gguletory and adrisory prograru),
Norh Am€tican Module, \fGshm Eurcpean tribdule, Chemicat Invenbrles Mbdub and tie Gertrle ubiu66rtei
lmlghtil CI}ROM Veralonl, ms1 psu"",6t Corp., Be0psda, MD.

The Terabgen Inlbrnation System, Univeolty of lr,ashingbn, Sed€, WA FOMES CPStrr C[!.ROM V€nion),
iliqonr€der(, Inc", Engbwood, CO.

Prepared By : Prcduct Safuty Deparfinent
Date issued : 04/1 412011
Version Number ; 1.24 INCORPi-iEATI t]

FEB 0 I 20f3

Div. of 9t1, fi1,.i -x l,iininfi

Ha|coGompany1601W.DiehlRoad.Napervi|te,|||incris60563W
For aftfitional copies of an MSDS visit vymrv.nalco.com and request accs$.
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DETERMINATION OFTHE PRESENCE OF FOLYMER USING THE FLOCCULATION
METHOD

l. PTJRPOSE

The purpose of this method is to provide a means of qualitatively determining the presence of a
flocculent or coagulant within a solution, water sample, etc. Additionally, in cases where the polymer
present within a sample is known, this method can be tentatively used as a quantitative measure.

2. PRINCIPLE

Slurry of kaolin clay is very easily flocculated or coagulated when either a flocculent or a coagulant is
present. Therefore, for qualitative purposcs, the sample being tested is mixed with kaolin clay slurry,
and the effects are visually assessed by comparison to a blank. If polymer is present, significant
coagulation or flocculation will be seen from the sample being tested as compared to that seen in the
blank-

These principles can also be applied to the quantification of the concentration of polymer present
within a sample. However, the exact product present within the sample must be known, and the water
used to prepare all solutions must be similar in pH, hardness, etc, to the water present in the sample
being tested. Standard solutions containing the known product are prepared at different concentrations.
Each solution is then mixed with a kaolin clay slurry, and the settlement time of each is measured. A
curve and the equation of the curve are then generated from the obtained results, the settlement time of
the unknown sample is measured, Brd the concentration of the specific product in the unknown sample
is calculated by substitution into the obtained equation.

3. PROCEDT]RE DESCRIPTION

3.1 Hazards and Safety Precautions

The information provided below is not a substitute for the MSDS but is supplementary to it.
All users must have read and be familiar with the appropriate manufacturer's MSDS before
using the chemicals listed below.

AII unknown water samples and polymer solutions should be considered irritants to the skin
and eyes.

Contact with calcium chloride powder may cause irritation to the skin, eyes, or respiratory tract.

General laboratory safety procedures should be followed.
ihICORPORATED

rEB 0 | 2013

rliv. ci illl, Gas *i i'lining
Page I of 4



DETERMINATION OF TIIE PRESENCE OF FOLYMER USING THE TLOCCULATION
METHOD

32 Apparetus and Reagents

Apparatus Reagents

General Apparahrs:
l) 100 mL Glass Mixing Cylinders with Stoppers
2) Synnges (as appropriate)
3) Three Place Top t"oading Balance
4) Bottles with Caps (as appropriate)
Additionet Apperafirs Required for
Quentificetion hocedure :

l) Stopwatch
2) Graduated Cylinders [200 mL and 50 mL]
3) 400 mL Glass Bcakers (2)

ACS Grade Calcium Chloride
Laboratory Grade Kaolin Clay

r)
2)

3.3 Procedures

heoaration of the CIav Slurrv

l. Preparation of t l7o Calcium Chloride Solution

a. Determine how much l% calcium chloride will be needed to perform the required
testing. Pleasc note that approximately 1.7 mL of a | % calcium chloride solution is
rquired for each test.

b. Calculate the required weight of calcium chloride needed to obtain the desired weight of
17o calcium chloride solution using the equation below.

Wr- x Czwt=T
TVhere:

Wr = Weight of Calcium Chloride Required to Prepare the Solution (g)
Cr = Concentration of the Calcium Chloride Being Used (7o)

Wz = Desired Weight of l% Calcium Chloride Solution (g)
Cz = Concentration of Calcium Chloride Solution Required (lVol

c. Tare an apprupriately sized bonle on a three place top loading balance.
d. Accurately weigh out the calculated weight of calcium chloride required into the tared

bottle. The accuracy of this weight should be *0.002 g. Add deionized water to the
boffle to achieve the desired final solution weight. For example, if 100 g of l% calcium
chloride solution is desired, add l.m0 g of pure calcium chloride to a tared bottle, and
add deionized water to achieve a final weight of 100.000 g. INCORpORATED

FEB 0 1 2013

Div. of Cii, fias * i'jiining
I 

2. Prcparation of the Clay Slurry

Page 2 of 4



DETERMINATION OF TIIE PRESENCE OF POLYII{ER USING THE FLOCCULATION
IVTETHOD

a. Determine how much clay slurry will be needed to perform the required testing. Please
note that 5 mL of slurry is needed for each test.

b. Tarc an appropriately sized bonle on a threc place top loading balance.
c. Into the tared bottle, wcigh out I parts laboratory grade Kaolin clay and 3 pan l%

calcium chloride solution.
d. Cap the bottle, and shake vigorously untit the contents are homogeneous.

Ouqlitative 4etermination of the hesencc of polvmer in a Samole

I ' Perform a blank as follows. To a 100 mL glass mixing cylinder, add 5 mL of the
previously prepared clay slurry and 90 mL of water. Please note that the water used for
this blank should be similar in quality to the water present in the sample which is to be
tested with regard to hardness, pH, etc.

2. To a second 100 mL glass mixing cylinder, add 5 mL of the previously prepared clay
slurry and 90 mL of the sample bcing tested.

3- Invert both cylinders three times, and visually assess whether flocculation or coagulation
has occurred in the sample being testcd by comparing the settlement rate and floc size of
the clay in the sample cylinder to the settlement rate and floc size of the clay in the blank
sample. Record observations.

OuandtativeFetcrmination of the Presence of a Soecific Product in a.Sgunnle

A quantitative determination of the presence of polymer in a sample can only be performed
with any accuracy in cases where the exact pnrduct present within a sample is known and
when the quality of the water being used to prepare all solutions does not vary significantly
from the quality of the water sample being tested.

Obtain a sample of the product which is known to be presenr within the sample to be
tested,

For Liquid Dispersion or Emulsion Grade Products - Prepare aO.SVo standard stock
solution using a sample of the product known to be present and water which is similar in
quality to the water present in the sample to be tested.

a. Measure 200 mL of sample water in a graduated cylindcr.
b. With a I mL synnge measure I mL of the product know to be present.
e. Cap the cylinder and mix vigorously for two minutes.

Prcpare a series of standard solutions with various ppm from the stock solut$tco R FORATEIJ

FEB 0 I 2013

Div, of 0il, Gas ii i,"ilining

l.

2.

3.

4.

5. Measure the settlement time of each solution.



DETERMINATION OFTffi PNESENCE OFFOLYMEN USINC THE TLOCCULATION
METHOD

a. To a 50 mL glass graduated cylinder with topper, add 5 mL of the previously prepared
clay slurry and g0 mL of the sample with a predetermined ppm.

b. fnvert the cylinder three times, and using a stopwatch, measure the time taken for the
mudline formed by the flocculated clay to travel from the 50 mL mark on the cylinder
to the 40 mL mark on the cylinder. The stopwatch is to be started after the third
inversion and stopped when the mudline reaches the 40 mL. This constitutes the
settlement time, in seconds, given by the know ppm standard.

c. Repeat Steps a and b for the various known ppm standard, and for the water sarnple
bcing tested.

6. Determine the quantity of the specific product in the sample being tested.

Using the obtained settlement times for the standards, plot a graph of settlement time
vs. concentration.
Fit this data with the best fit curve, and obtain the equation of the generated curve from
the software.
Substitute the obtained settlement time from the unknown sample for Y in the obtained
equation. Solve this equation for X. The resulting value obtained for X is the
concentration of the specific product, in mg/L, within the sample.

a.

b.

c.

INCORPORATED

FEB 0 | 2013
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HNALco SAFETY DATA $HEET
PRODUCT

ULTRTOH@ 8187

I. I GHEilICAL PRODUCT AHD GOHPA}TT |DEHTIFIGATIOH

PRODT'CT l.{ATIilE:

APPTIGATION:

COIiPAI-TY IDENTIF]CATION :

ffRtrEilCY TELEPiltr{E I{UTBER(8I :

HFPA TOIITITIHIS RATING
I ueru-nr : 2tt FtA,ttMAEtLtry:

0 = Insigrr'ficant I = $ight 2 = Irloderate

uLTRlOt{O 8187

WATER CI-ARIFlcATION AID

Nalco Company
1601 W. Dldtl Road
Napervllle, lltlnols
6058&1198

(800) 42+trt00 (24 Houra) CHEIiTREC

O'O INSTABILffY: O/O OTHER:
3 = High 4 = Exlreme . = Chronlc Health Haerd

2. ,noil oH

Our lsad *aluation hee l#nfrflsd the lUlowhg dremhal subabne(s) es hezardous. Goncult ffin 15 torthe
nmrc dthe nazal{s).

I'Eardqn $tdmcdel
Af uminum Chhride Ffrdro$de

CAS NO
12042€t-0

96 ('ff'irt)
30.0 - 60.0

INCORPORATED

FEB 0 | 2013

liv" of 0il, Lias & fr4ining

3. HA;UARIf,lT noH

wARnilo
hlffi[b.yra
Do ttolgd h ryq on rlfi, on do0tp. Do noa!|b hL|rly. Unrilr r<hq$ uldildon h il. dcmhdrill
.y... tfE htmqtrlyrfi pl.lilt dmrf$ $.kmdcJ dno. lbronfawrur rk!|, nh filr!.nyrril0l
phnfyotU|br.
lrl'ger sdtebh prmcruc dothlng.
Hot framnablE or cunh.tetHe. llay avotrrc l-lcl urder fts

PRII'ARY ROUTES OF E(POSTJRE:
Eye, Sftin. Inhelafron

HUMAN HEALTTI IIAZARTF - ACIJTE :

EYE CO}fIACT :

Can cauro modarats Fritstbn.

sKlN cot{fAcT:
ifay certe [rtbfforr ilifi prolong€d contect

IU l|rboconnrttfoof W.Dtdt
Fa rdminC cophr of rr XSDG rni wwwnCo.con rrA nqrri ieiael

I/il



HNALco

trTIOEST|ON:
Nd.ltdyrubdsDar|!. t ry c.rr. !rrt@..|da|rttt

INHALANON:
Nda ldy|ur. dogd|!. l|ry crD ffiilon d mlrur nrnbrrG
SM| TOTS OF EXPO€I'RE :
Aot:
A wkdrveb rhb dor mt k.n[ly rry rymgbnr frm qam nol p|tubdy m.rfrond.
Glrg c:
A frvlrolrUd.t L rhilr dor rd kbnuy my rynlbm.lir|n.0gorr! nd Filoudy nt n!md.
AGGRAV'jNOil OF EX|8NNG @NDMONS :
A !i,kdtvrbb rft &r nd ld.nlfy rnyr'!|rrrtrg ddrdng oililtoil,
HLtrN HE LTI| lUrZARtXt - Cfnor{tc :
15.dur! db.l! cl9ocbd drfhttlhc tndldfi..l .bora

EYEOOIfiACT:
h|.dhidy rdr 3FUft Grba bd 15 |rftrb. |lrL lloldng.y€e& op.n. Gc nrcrtcc rtbndon
g${OOltIfACT:
Rmalon[rn|l*dclo0S&YlErofldfcbdrrrlmmqlrblyuilrpLntyofru. f rynrpb.m rhr.lq, r..k
t||aalcd !dub.

INGESTION:
Do nd hdrca vonlrte t{tld madc.lad*a ltcqrcbu, urrhorn nodr rd Cy. mbr b dfilL Gat m€.rcdabn[dr

]t*tAtAncD{:
Rsnou! b trt hf, tdry,mDbme.ly. lfrymFn fir.lop. l.d( mdH.dvba
ilOIETOPHVSCIAN:
Blodm[rhilffC l|.ctqLdl|rF0.n0,!pptrydOrrtrjutnrcntdtoddb. u..dbconfiolrynpbm.rd
chlcdcqrdtdr.

FlI9{PtOll{T: t{qrl

EXTII{GTJF}T}IG TEDIA :
Ks+mrqffiUFSUf,FrfpE

2013

Nd elPeded b hrn. Um eurlfrrgrfefifirg meda approprlsb for sunu.illrlllg fire.
wffiwebr.

SAFETY DATA SHEET
PRODUCT

ULTRIOIT|O 8187
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HNALco

F|REAlI) EXPU)StOil l{AiZ RD :lulffiborcmrhdblc. llly ardur l{Cl u|.kll! afidld|!.
SPECIAL PROTECTN'E EOUIPIIENT FOR FIRE F1GHnNG :
h {c dtr!, w rlufl fF porffu+p.flrc rdooldrcd bndt|:rg rpgrnfir! rrd pmbcfrru eit

PERTIO'{AL PRECAI'NONs :
llqlTgg.b]q?..-lpp|!prlrb|f|0 d.m{Doprda|Jlcompbb. tbc pcnonrt prUdvc.SlDmalllwm:ill.d in SlcJon E @ctlrc Cortlbrhjtord maon). S6p or Edu; mv toir f if ir utt'd Oo ro.
nT?_tl!!!!F!u9..-q!ur!cb|tttDtcoldEr.dbyblltldFnonndmry. innotruOrlpil.d||||bfJ.
I]lqElH!!.:qqm4(tufirq.p[h trfr, *.] ndylldtdc. ttottlrppoprm gp,,trm.nt,84.!onr lrdt rE lafry l|d ltryiffifit rhodlirt
ilET}()DS FOR CLEAI{tt{c t F r

afl*_q!*q ryr.q +r gl[r rb|oltf,|r n!ffit ph6 
'Irts h . ||,|ibt ., cor,!r!d, prop.dy bb.t dcmlrhr. rrtlr rtFcbd c. |IRGE SpllLg: conhhlsdd tt'E ao|t.nt mrtrfl, ryigirp-trurcu oroyrc. g111qt!9 !9?r!q a ?ry!s? dum_a b* rud tb empJcrecri. vrdr-dE d rffi;tr,lrgt,i silruG'. qrira lr lPFot lds lxicfordrpd dcontrnfi*rl rlcov.rd m.Hte. oiboi CmfuiironDlhp*'ilt tt$Idonr trlc*d h So&n iS tUrpnl CorlrlerUqrr).

E}MROIffIEITfAL PRECAI'TIOI{s :Dondqilrlfrrrbrre.

TIANOLII{G:
Irond$lh.yqmddqoncHrtr& oo nd bh hEflry. |,t. uft rbcrnr vqldsoo. Do not b!dr.v:ry.Jb]l-tc+-lclp|bcoilrrHctaldxh.nmthr;.a }Lrrsngdrnqr.qdpr.nFrft..,rCL,lrt,*.)]tdyndrbL. Etr|r!clqtffirnttlrb.LrL tlrcpcrmtpoudod,tr$tcrt-ilffi..$dtnS.cto.l
E @gcur ConmbPr|lrl p|&OorU.

sftrRABEOOlrDtTtoNS:
$crthconErntily.h..A So rqrnfly tcn bee
8['TTABtE OOMIIRIJCTbN TATERIAL :
P1/ci-E!|.+l' Pohr$.m, edyportsp, pdvcrytrla \rbr HDPE (Ngh rhnrny potyct|wr.), roola pbrFtcltdt trr
uil$rfrAEt E OoltstRtrgnoN mATERnL :&r.t ]|y#r tr*|. srt 30a, EipDil. rfi! rb.t, s.hbr $c !r6L il.opur, solg phqlotc,r.tn

PRODUCT

ULTRION@ 8{87

OCCUPATIO}{AT EXPOSI.|RE UTITTS :

Bp*q*eukhNlnes ttfre rd bsfi odabllshal lbrttls product. Available sxpmura fimits frrftc substenoe(s] ar€stffin beltr.

{iF'.1ilATED

'r 
FEB012013
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HNALco

ComtylSource Srrbsilanc{s} Cilcgory:

EIIGIIGERIIIG IEAISIRES :
G.|fd r,tffar b rffittanald.

RESPIRATORY PROTEGNOT{ :IXrb.rrbryrlqld bw.t|r l*dporffi rrodftdwthtt nlbrlt L rdvdytil. tudrfrry
Flbo&n bdnoflrdyn tbd,
}|^ilDPrcTECNOil:
uhmfr*lg!lprodrltb(|cof dtctdcd glor| b rril|rd.d. Thr ctrobc dFd( clou. dorrb on m.*crilcrrd||tc|Etlcdrlrhrltbtt. PLrcdrbd$.PPEmlr.frctnrtrrOvtcrirntr*iecCOu,rffifl na !. rlub. Glou.. rhdlE b. rphod |mt druy f t|| otdrgiltton F d.rnd.
s(ltrProTEgnol{:
fiFrrl|bdpdadhtcclofifig.

EYEPROTECNOil:
flbrrffioergHrgeggLf,

]MOIE{E RECOmIEITDAT|ONS :
u"-q$ -L.tg psurl lrtllm Frilo.. b ri.r qoqrt lc.p f| rF udr hd-r rttd.. t(..p.rq iilrrrrua [doting b EnEt|amEl, rnou.dr'trE r|d ttlri{ilyFJt |h.rfibcbd rtl Laul(hr
6nE rh-d chflrE bfr! lrr.a AhryrEhi,rqqlghlydbrf|ndrto drrnLr. vurn trcrre fi! pFduat
n Yraaq dfikatn&.
HT.TIN EXFO4NE C}|ARACTERIZAT|OiI :
Br..dmcrlEnoEddprcdd.pprca|qtrtdF|cdgrfrcfrr..q&trlril hpob.drl hr,nrn agorunhI-il

SAFETY DATA SHEET
PRODUCT

ULTRIOH@ 8187

PIIYSIC*L STATE

APFEARANCE

oltorR

SPECIFIC GRAVITY
DEilSIW
SOLUBIUTY IN UII{TER
ptl (10016)
FREEflHG FOINT
BOILI}IG FOINT
$ffigP PRESSURE
voc coi.trB{T

1.3+ e Tl'F /25.C
11.1 lbffal
Conrpl6b
3.5
3e'Ft0'c
2lg_2 .F t 104 .C

SanG aewabr
0.00 16 EPA ildrod 24
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Coloders

None
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lltr: thec ffil prcpcu.. r!ffi vdu.. hthL p'qlud Jxt.|!.r&lctb dt nga

SIA8I.]TY:
S ||It.rnor|tr|l aoiltrona.

}UI:ZARDOIJS PIOL}ilERZATION :fbrhr potynsbtOn ull ls ocqr.

CO'DmO{STOAVOD:
Arrdd dilr dlnrgiiln!.
tAIERL I-STOAITOD:
stutg8.E
}UUZARDOIJS DEflPIOSITIOI{ PRODIJGII :
Undorfile srffcnr: HCI

ilo bddrt |tdb bu. bcn ddrtd q| tH. prodla

sEilBtTtzATtoN:
ThL F!.fdb ndq.cbdb bc.sjE .

GARGINOGIENCNW:

ffibTtr

HIflAN }UIZARD CMRASTERtrANOiI :Br.dq|qrlrErdfficr, tnpoffi lilmr|hcrtl b: t_il

PRODUCT

uLTRtOire 8187

ECOTOXICOLOGICAL EFFEGTS :

The ftnorying rwulls are fur ths producf.
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PRODUCT

uLTRtOl{@ S{87

HNALco

PERSISTENCY Al{D T}EGRADATION :

Tdd Orgndc Cefton fiOC) : g9 mgll

Chsmi:elot1/gen tlanand (COD) ; 4S0 mgdl

o0ttr[i.| gst6 dttLFod.Elot|hilrollnoryrrbrtbrelfrx,hlch. tto(t.grr.Honnftt b mt ?Frc.u..
IICIBUTY:

ITHHH:H*H-TI-E lFqil frlspdtvmodGl-srnb€dded h trc Ept (€!fimeriffi prosram

H1;p3*ll1' ryg;tbq!l5_?i, E,tod.'-ffi;{#tE#ffi iffiilH'ffiii..orr.rgt || tFr#IH lfl3JlTI1*_sIsIiF. .qglb'trm bctsrgorr tr; d€ffiir ;ffi t" itm"n"r* provided isF dT 
lo Cv. nc urar e gnid.dinc-dtia ;lld,r;rrilini"J ffi';frh' fi,#ti:ffi; con ruo,. dthg mod€b.

lf rElmsed lnb ftG envirwncnt il*s maHid ia arpedtd b dlstrlbute b the ah urafrer and colltsadlmail hr ttrcapprodmft rarer€frys p€rccnhg€B;

Alr lrugt€r SoIUS€dlment
<516 sr - 5096 50 - 70%

The porfon ln rrratcr lB atpedcd b be soluble or dlspsruhle.

BI OACCUM UIATION POTEHTIAL
Thls prsperdon or matgrial h nd sxpetrd b bloecerndate.

EIWIROT{TIEIfTAL HAZARD AhID EXPOS URE CfIARAGTERTATION
BeEEd trl otr hseld draradertsaton, the pdprftlenvlrorunentsl hgard h: Low
BffiEd on our mcqrrrnendsd P|udltt aFpffcdon Ird ths pt"d|.r.fr.irsaaerioo, the pdanthl eruironmenhlerpcurG b: Lw

Fdesed hto ths enyfpment, s€e cERcl-ArsupERFUHD ln sedlon 18.
INCOFPOFATED
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HNALco

! -i189$4-b!9gt_.! . r,*, I b nd. lstrr us r ddlrud by th. Rcorn con q1,c1on .nd R.6rr.ry
Ad(RcR )'l0cFR2tl.*ritb.trttff.|rcctlrunc.otoiertc.rcrrnno-iiilcrirdiiiio.'-'
A..rul|Edou. n6, lt b nd f,tFdblgrd rlsrdo|L co|rfrt lhb a bc.l ]lguHon for lty ru0ondtFilng'trir,ltaclgol tsilirn til3. FordlrF.rN,oilrdr popcl,ly rocnla ifidc tctlrri aarg.,d?o.da|tiltEluty.

Thc rftl|n bn h ttL..cdar b for 
'lfquD.nry 

rd !t!!ts |dbkoh. pt c. of r |t|hptng p?.r (il ot ffiig).p.ctbb rt od.r, Ptn nob.|h.tthc poper54ptra tnrl rut itrr my *rt'by-FfrfurE, prop.ltie
rrlrno&dtrt.patdan. TypFd hotrglrbphiiltnrbrHrprodnrn..-tomfu.'''

PROOTJCT IS HOT REGUI-ATED DURING
TRAHSFORIrANON

PRODI.JCT IS NOT REGUI-ATED DURING
TRAN$FORTATOH

PROTruCT E NOT REGUI.ATED DURING
TRANSFORTATON

Ttt rla[cl d *r don l ffrtttta0on lta tny lru! dru]Ea b trguirhy co|npilrlrcc. Tlr ffinndon Inhb
:!!![!-q I!1I" qly. ft b not odrrdur, no rmrrC rn U nrcc-ryon b Ed c. ei; o in nOvrarlaCdrprE or lEl|l cf|.nt Naloo.cc$ tF ILUIV ftr 0t u.c of lhL lrfrmr0on:

NATIOM,L REGUIAIIO}€. TJSA :

osH rniaRD oomutEAnoit RUt€ 20 cFR 1910.1200:
Bcd motr halltl.vrrdon, |h Honl|E rtfria(., h fir p!.rxr hLr lz.nbut f]d th. |!.rd|(r) bL!ahflnbaldr.

LAfr,fD TRAI{SPIORT:

Prcper Shlpplng Hamc :

ArR TRANSFORT (lffiO/tATA) :

PrcF€r Shlppfng Narre :

ITiAR|HE TRANSPoRT fl[fDGdtMO] :

Propr Sftpplry Name :

Alumlnur Cfilorld€ fffiordde : Eys frltrnt

CERCLAISUPERFI itD,40 CFR 117, 30il :

Nfficaton of rplfis d ttilr produd ls rffi roqJlffl.
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HNALco

SARA'SIJPERFUND AHEI.IT}TIENTS AT,ID REAUTT{ORIZATIOH ACT OF lgEO IIT]LE III} . SECTIONS 302. 311,
312, Al{D 313 :

sEcTlol{ 3m - ExrRE[ilELY H/qz/qRDous suBstANcEs (do cFR sss] :
Thls pmdfft dooc nd contain euffi n$rd h Appenfic A end B s an Exhemdy hEsrdoue $ubetance.

sEcTlot{s 311 AND 312 - HATER|A|- SA,FETY DATA SHEET REQUTREMENTS (40 CFR 370} :

Our hsard GualtJffif hes fuund thir pmdud to be hazardor.rs. The product Crould be raporud underthe bllowing
hdcated EPA tnzerd catagorfer:

I ffiffi.iffiH,ffi
, ffimorPrusc'eFhztd

Urder SARA 311 ild 312, ths EPA hs aSaHiSEd tlretHd quanfrter fur the raporfirrg d husrthut cframlcale.
Th€ qfi€rilttrethdds am: 500 pdmds ortrs thrsehold dffirfrg qrlatfity (tPlQ), -iltt*r,Ever le lorcr, fur ailnemGty
huardout Eltdancar and 10,(Xl0 pounds frr all ilror traaUqb cfrcflricels.

sEcTroN 313 - LIST OF TOXTC CHETTfiC,ALS (40 CFR 3721:
Thb proaril ffi nd conteh sLbstEnoel m the Lls of Todc ch€rnhaF.

I ro)flc su'srAilcEs coNTRoLAcr (rscA) :
Thc e$rlrrr ln t$ pNtPrdon s! lrdrhd m a c|tFtld fiun |h! TSCA E(b) In|,.nffiy (.O CFR Zf O)

FOooAilDDRlreAmilETR TIOi{ (F|DA) F.rbrd Food, D|[r|d Ooen UcAd :
l im rD diddr nsdb @rDtrEcrtr FD |tguiloil,0{r F!.tld b !c6#b rndr: 21 CFR t?l8.1?0CcnpoilrbdperlldFTgtodInffiuftqt ot|r rd ei foon.nd 2|-CFR tZE.tEO Compqlqtb otpTC.d peqbod h qtB ullr (ly fro.L

lPdf -n.ru* ts F{ rt. p}l rbolr 5.5 b t*ln ltr FDA dt . ltntbthr.: no mq3 0|rt |tquhd b Fodu€hffiffirffi.
Iftb_ppq!!! E!!! c|t|LdrKrOSCR P RE\rEhycrrund r: |I{GLUDNOTHE pASSOVen SeTSOt ty
|h.GHnACO R EElilEALC()|rllclL

l{SF I{TERNANONAL:

Ilf prodd h.r rclt !d ltsF/hF|dqd crticrilon udr NgFr t{$ anlrd CO h ihc co.Ouh[on rd
lboqJtrn c.b!ery. Th. dtcl nltr b ?ou.f||lhm Cilotf... ildmur Flddff da.ee b: ISO
mgL

FEDE|ilIUSTERPOtlUno}{OONIROLACT,CLE NVSfCRAgr..oCFR,Oi.tsr6mdySc.30t..t0CFR
116.{rbm.dy8c, Ell :
$!dru hdrntbr fi. quHon fr not hbn0a.u d.ld a og..td b bc F...[ tt ull. Fod&t ulbrl
cdnD(|gilrm.ybFtrJ|irlhE l!l,*. 
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HNALco

CLEAllAlRACT,Slall2(OCFR6t,HE rrhu.ArFohm),8c.6@'(.OCFREz,C[slg|dllOzo|r
DeLtqt$tuO:
$b|bg|.bd udlrttlr tterl!0on r! ml lnbntlon ly dtH a ag.c!!d b b. Fuo.rt h t|b pDducl, Urbd
dtrpon nilr may ba flna A trc. hrb.
CAUFORNIAPRMO$T|oN65:
S,adrErttdlnrkC.ffonhPmpo.tcr66r!notlnbntordyarlddaogddbbcp|r.ntln0ltprcdd.

ilICHIGIO{ CRITICAL HATERI'\|;S :
&.|bs Lbd rdrlhb tlgdibr r! nd ffiidly drld aqcd b b. ptrnt h t{. prodrL UGd
cqnpd|f|tr rnryb. Flsrtabroa lar*

STATE Hq{T rc XilOYU IAT'IF :
ADtrH Crbd u|drfir ttguldon c ]!t InffiEly drbd a4cbd b b. F..nt h tdrprc&ct Urbd
oo|tpffi nny bc Fxit d frrc. Lrrt.

}|^TIOI{AL REGI.T.ATOI(9, CAMDA :

UDRI(FIACE|{AiZ|RmUS il TER|ATS tlfoRtttinoil $rErEil 0 |{flg :
Ifib Fldrf lr bln cu|!d h lcctre Sr |h. lErd Grlb. dh Cdt![.d RodtJdr R.gdrton (CPR)
Itdl|t ilsDS cmBrdl [t. ltndon n$fltd btn CFR.

wtttScttSstFtcAtloil:
It2B - mrilrLl CdE OftrTodc Eltsc!. Td ilrHd
crMonN ED{vtRott$nAl pRorEcTto]{Asr GEPA) :Ih.atrrc{.l lnttlr E ndonmHubd h aGngLdllom th. Ddildcsub.0lr€ Lb(OSQ.

AUSfifALA
Alltrt.Ilnt{rptoddcottDtytriihlh. llr[olClndmllGlmbdr]lotHat &At.orr|tdttsclHtrg
(MCM8).

CHIt{^
Al rtdncr h ttrb pmdd qnCyultt tE ffii. fi tr En foilrEilC Adnldthdd| of t{ar Ch.rdc.lEaCr rtd rr tGd m thc InrlEy otEdrl! Cffi $trancr Ct*l (|ECSC).

BJROFE
lhc r..[rn h tlr ptnrrlh l|ruc !.r| |!t H tr oct|pLnc. wlth th. EINECS a EUilCS twfibt|r..

JPI{
T]rb Fodrl^oal-..tt!anc{.) rtidt rr rd h coplrno rilt ft. bw R.gdihg 0r ttrrffim id
[ryqidon Of ClErbd&bffirdr|ndhbdmiltc Edrtfig nd Ncwehrntcd Snd]r Id (EhtCS].

IOREA
{ rrbdrrq llF Pmtfd cdnplyrt0r thTotb Ch.|tH Oonffi t-r (fOCt) rtd f! Lbd m tr E&fiE
Clsnl*L5(ECL)

r:t -',Fl Al'ED
1801 W tl€ifil Road. Haperuffie llholr00SE+1198 .

For ffiitmd oq{et of an ilSDS vftltwwur.nCco.corrr end r€$resn *tfg -o 
t 2013

Div. of Cii, fias ii.. tJiining
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PHIUPPIlES
AlrtE h0-fduCodnplysttlhoR.FublaAat660(RA6060) 

'|dr'r|dld 
m0r Ph0ppltulnvr1bty

dchdcrb & Gffi Sublmo (PtoCS).

fG. OTHER IHFORTATIOH

Dttb o|rccnmtnr*b Pmdd 8ffi1D, wo hu! ndrbd lhc h.mm Jd .nrtonm.nd halrl. rnd
oOnn of lllr prodrct Esd qr ot' ttconnllded urc d0llr F!d&g uc h.va chracbrbdthc pmdrfr
gmr{ ilc nt hhnr.dor.hould ponlda dilpforyou our rilr nrnagmrnt pncto." tif, h.u! rnlu|bdqrpmd,El|rnrHffii

'fhh|nrfih Lil
'Thasrvlunard fith Lil
tuy rD hq*m rlh qr |tdmql.l[on |n.y rltsot t|r r* d!*E [dr. Ou rCc cpnl il! rl
dFu b rhfih. ffyor Fr'drct$glcdcr b d||ffirfih ol'furm.r*ta||. Tog:0rruc crn
hflrouf rtr Ag|oprG fih mrqqnrrt Fn6.
fhb Fldrf rffl.ftV fl. drt p|oY||lo. lr.dr ad rtrt ffit|ndlon. Th. Fodrl b b bc u|.d In
epplcdor orbnl ul0l o|' 9|odfrf b||0|t lnr!t/*f* hnfiie fir ptldud.tEuld bc ffimql of ttc
rurrnailbd rflt pcrtfd|ed rhofdhil!Hbttffimrillo|L Fc rry drr |,rr, a[po.t.ru drodd
bcrvrlfrd rlhdTpmpd- ffiheprdo..rd brlrSg pgrrnrcu bcrhb{|Hb hr|nriruodqLc.
opcfrr. Pln currl roulocd rdc tqrsdflu. fu rnyllltrr Homrlbn.

REFEREilCES

Tffi Lhnl,.||[ br CbmbC Aatr- rd Ptnlcd A!!nb rtd Blobglc.l Ego.rn lillc.., An|. lc.n
Cq|ilIsr d Oou;mrrllrl !n ll|t5 lrygFdAi o|{. (AlrN lnrlgm CDfiOil Vrrbn), ArH Rr..dr CoD.,
B!tl|.-,m.
]ldalr $ttts D.h 8r*, Ndod Ubily of U..Elr. Bd|r.d., ftlrryhnd GOI|ES CPS CD{Oil
\rbrdon), ilero||lrbx, l|E, EEbrxoq OO.

lfRC l|mgrTh. o|r [lc mrtm dl|r Crrfioecic RH( d Cfrnm b il.n GcrU.: UbrS H..nh
o|gnbdr|, mrdmd Aetq h R..Sr c| Cnc-.

Xflgtrbl frk lnbm|don wn, U.S. Envlnmr|l Pl$cJon Alsrt t ltrrhgbn, O.C. FOftEg CPS
CDU frl|Er), fflcrc|rr(b.. |rc., E lldood, CO.

AilI|rl R.pod on Crdnogs|1 ildml Tffibgy P|!g]r.n, U.8. De.rtngrt of H!.ffi Jd H|Imn Ssvbea Pr.tblctLrlhffi,
I!.20 Co.bdFqH Rrgddon . Itt 19f0. $tp.lz. Tdc grd Hssdcl Snrb!0rrs, Ocq4lddt l SffV
rd ]St Affiffir (Og{ }, (Arld lndglil CD-ROI l/gdon). Ahl Rarrrdr CoD., Bdl..d., ilO.

R.C-y otToqgE'|b dchgt*d A$dnc!.. N.dord kdEbftr Oca+tml Stty.rd H!.U\ Chd|!C,
OH.(IilE8CPS CDRolll/b|tkn).ffi.,hc".Erelrro4co. 

INCORPORATED
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Arf€l lrElght (An Inbgre,bd gruide b lndusfrld clran*cde coversrf md€f *{or.rwulabry and adviaory qqgql$:
l,lorfi Ari€riceit Hoduli, Vm*m Ermpcan lilodttG, Chamhel Invcrilortet UoOutc and the Ganerics ModdG tArigl
tnslgtrt GE}ROit Vcttlon). Arlel RssHEfi Cof,p., Bdtcdq llD.

Thc Trdogtrt lnlgrnaton ffirn, UnhrurCty of lAfashlnghfl, $€efr€, WA ffOilES CPS CII'ROM Version)'
ltllctomedotq Inc., Englawood, CO.

Preparud By: Pm*rt SefHf Oepstnent
Ih hgued : 07t31I2009
Vsrdon t{wnbff: 3.0
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THE DETERHil]{ATION OF THE PREFENCE OF A.IqMfNUM.

Crandall Canyon Mine - Done monthly as a grab sample and brought to the SGS Lab for
lab resuhs. SGS has already been running aluminum tests on the UPDES samples,

therefore UEI does not need to do another monthly test for CoaFulant Ultrlon 818?

because it is taken care of in the while sampling UPDES #0O2.
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PETERSEN HVPROLOGIC

11 May 2012

Mr. David Hibbs
Genwal Resources. Inc.
P.O. Box 1077
East Carbon, Utah 84501

RE: Stable and unstable isotopic compositions of Crandall Canyon Mine discharge water
(UPDES 002 pre-treatment)

David,

At your request, we have performed an investigation of stable and unstable isotopic

compositions of mine discharge water from the Genwal Resources, Inc. Crandall Canyon

Mine. The results of this investigation are presented in this letter report.

Introduction

The Crandall Canyon Mine is located in Huntington Canyon, approximately 15 miles

northwest of the town of Huntington, Utah (Figure l). Mining operations began in 1984

and continued until 2047. Beginning in 1996, sufficient groundwater began to be

encountered in the underground mine workings such that it became necessary to pump

water from the mine on a nearly continuous basis. In September 2007 the mine pumps

were decommissioned and discharge of pumped water from the mine ceased. Beginning

in early 2008, gravity discharge of water from the Crandall Canyon Mine portals began to

occur. The gravity discharge from the Crandall Canyon Mine portal is the water sfi+el€F,pORATED

in this investigation.
rEB 0 I 2013
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Mr. David Hibbs
Page 2 of 6

Methods of Study

On 18 October 2011, we visited the Crandall Canyon Mine to collect samples of mine

discharge water for stable and unstable isotopic analysis. The sampling location is

identified as site UPDES 002 pre-treatment. This water represents raw, untreated mine

discharge water flowing from the HDPE discharge pipe into the adjacent mine surface

facility.

Mine water samples were collected for solute chemical analysis (for use in geochemical

modeling) and for unstable radiocarbon (toC) and tritium (3H) analysis, and for the stable

isotopes deuterium (6tH), oxygen-18 (6t8O), and carbon-13 (6t3C). Radiocarbon, tritium,

deuterium, oxygen-18, and carbon-13 analyses were performed at the Brigham Young

University Laboratory of Isotope Geochemistry of Provo, Utah. A split of the sampled

water was sent to the University of Miami, Tritium Laboratory in Miami, Florida for

replicate tritium analysis. Solute chemical analyses were performed by SGS Minerals

Services of Huntington, Utah.

Mean groundwater residence times were calculated using methods described by Fontes

(1979), and Pearson (1972). Input parameters used in the mean residence time

calculations were assigned as follows: 613C soil gas -18 to -22o/oo,6l3c mineral carbonate

0Tao,laC soil gas 100 percentmodemcarbon(pmC), andlac mineral carbonate 0 pmC.

The mine water discharge rate was measured using a Marsh-McBimey brand

electromagnetic current-velocity meter and wading rod. Temperature was measured

using a Taylor brand digital thermometer. The specific conductance was measured using

an Extech brand model EC400 conductivify meter with automatic temperature

compensation. The instrument was calibrated using NIST traceable conductivity

standard solutions. The pH Measurement was performed using an Oakton brand model

pH Testr 30 with automatic temperature compensation, which was calibrated using NIST

traceable pH standard solutions. The dissolved oxygen measurement was performed

using a YSI brand Model 55 dissolved oxygen meter, which was calibrated usingiNCORPOBATED

atmospheric oxygen calibration methods. FEB 0 I 20tl
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Mr. David Hibbs
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Results

The results of the laboratory stable and unstable isotopic measurements are presented in

Table l. Calculated groundwater mean residence times are presented in Table 2. Isotopic

and solute laboratory reporting sheets are included in the Appendix.

Radiocarbon (raC)

The measured laC content of the sampled UPDES 002 pre-treatment water is 13 .52 +/-

0.07 pmc (percent modem carbon). The modeled radiocarbon age of the water

(depending on the model used and the El3C (gas) assurrlption) ranges from 12,050 to

15,000 years. [n evaluating radiocarbon ages of groundwaters, it is important to consider

that groundwaters rarely travel from recharge areas to discharge areas via pure piston

flow. Rather, it is not uncofilmon for groundwaters arriving at a well or spring sampling

location to have recharged at different times and different locations. Accordingly, it is

best to think of a groundwater radiocarbon "age" as the "mean residence time" of all of

the water molecules present in the collected sample.

Tritium (.3H)

The measured tritium content of the sampled UPDES 002 pre-treatment water is 2.0 +/-

0.1 TU.

The presence of measurable tritium in the sampled water indicates the presence of a

component of recharge that is less than about 50 years old.

Deuterium (62H) and oxyeen-l8 (E18O)

The measured deuterium composition of the sampled UPDES 002 water is -130.7 Yoo *l-

0.5 %o (VSMOW). The measured oxygen-l8 composition is -18.05 Toa */- 0.20 Yoo

(vsMow). iNCORPORATED

FEB 0 1 20f3
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Discussion

Taken together, the very old radiocarbon age (>12,000 years) and the presence of

measureable tritium (2 TU) in the sampled water are indicative of a mixed source for the

mine discharge water. The very low measured raC activity (13.52pmc) suggests that the

bulk of the sampled water is likely from a source that recharged many thousands of years

ago. The presence of measurable tritium indicates that there is also some component of

modern water present.

Because the tritium content of the modern recharge component is not known, it is not

possible to quantitatively determine the relative proportions of the ancient and modern

components of the groundwater. However, based on reported typical tritium contents of

streams and springs discharging from shallow, active groundwater systems in the region,

some general assumptions can be made. Mayo and Associates (1997) report tritium

contents for springs and creeks in the vicinity of the Crandall Canyon Mine ranging from

9.3 to 38.2 TU. Mayo and others (2003) report that shallow active-zone groundwaters in

the Wasatch Plateau and Book Cliffs coal districts of Utah contain appreciable amounts

tritium (mostly in the range of about 6 to 22 TU - refer to Mayo Figure 12). Based on

these assumptions (and assuming a 0 TU tritium content for the old component), it would

follow that for a mixed water to have a tritium content of 2.0 TU, the amount of the

modern contribution would be modest.

A plot of historic stable isotopic deuterium and oxygen-18 compositions at the Crandall

Canyon Mine is presented in Figure 2 (See Mayo and Associates, 1997 for historic

sampling locations and isotopic compositions). Also plotted on Figure 2 is the UPDES

002 pre-treatment water. Waters plotting near the global meteoric water line (62H : I
6180 + l0) are indicative of waters originating from meteoric sources. Plots of deuterium

and oxygen-18 compositions of groundwaters are often used to differentiate waters that

recharged at different locations and/or under different climatic conditions. Using this

isotopic technique it is also often possible to distinguish paleogroundwaters that

recharged during cooler climatic conditions (such as the late Pleistocene time in North

America or Europe) from waters that are more recent in origin. Such paleogroundwat#CORPORATED

FEB 0 I 2013
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will be depleted with respect to modern waters and will be shifted along the meteoric

water line towards the more negative values (Clark and Fritz,1997). This pattern is

apparent in the plot of Crandall Canyon Mine waters shown in Figure 2. This suggests

that the groundwaters intercepted in the Crandall Canyon Mine (including UPDES 002

pre-treatment) may largely represent paleorecharge. The disparate plotting locations for

the underground and surface samples strongly suggest different recharge origins for these

two water types.
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Please feel free to contact me should you have any questions in this regard.

Sincerely,

Erik C. Petersen, P.G.
Principal Hydrogeo logist
Utah PG #537361s-2250
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Figure 1 Location of the Genwal Resources, Inc. Crandall Canyon Mine.
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Figure 2 Stable isotopic deuterium and oxygen-18 composition of Crandall Canyon Mine
discharge water (UPDES 002 Pre-treatment) plotted together with creek, spring,
and other Crandall Canyon Mine in-mine groundwaters.

INCoRPoRATED

FEB O I ZOIS

'liv. ci Cl. {.ias rl fdining

Creeks and

Crandall Creek (below mine discharge))

In-mine
groundwaters

ll
I

UDH
46-97



Table 1 Solute and isotopic compositions of Crandall Ganyon Mine discharge water.

Field measurements

Date/time sampled

Discharge

Temperature

pH

Sp. Conductance

Dissolved oxygen

18-Oct-201 1 16:45

427 gpm

11.3 0C

7.17 S.U.

971 trS/cm

6.0 mg/L

Lahoratoru sol ute m easu rery ents
Calcium (Cat.)

Magnesium (Mgz.)

Sodium (Na.)

Potassium (K.)

Bicarbonate (HCO3-)

Fluoride (F-)

Chloride (Cl-)

Nitrate (NOs-)

Bromide (Br-)

O-Phosphate (HPO42-) .0.01

Sulfate (SOot-)

Cations

Anions

analytical error

-14.98

13.52

2.00

84.1 4

50.64

26.51

3.46

454.3

0.29

1 1.89

0.40

<0.01

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L
o/o

%o

%

Yoo

pmc

TU

90.1 0

9.61

9.70

-0.4

La ho ra torv i soto p i g lr es u re m e n ts
Deuterium (A2H vsr,,row) -180.7

Oxygen-18 (E1tO u*"o*) -t g.gb

Carbon-13 (s13C)

Radiocarbon ('oC)

Tritium (3H)
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Appendix

Solute and isotope laboratory
reporting sheets
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B Yu [,uhorarrsry oJ-!-totrpe (ieochemisrry

i )epartnrent of Ccological Sciences
ISYLi canrpus, Pruvo, Utah 84602
plronc: (801 ) 422-191 8

( ll i e n t : Ilc rcrrs crr [.{ydru logic, L. I .C

t6e5 N.600 [,
Lchi. IJ'l' 8404j

l)r'rrrrjcr: w'cst Ridge

lirrell & Willnrcr, Ll.P

Rcporting Datc; 5-IieFZ0 l 2

Itarl iocarhon Agc Analysis

S;rrtrplu ll) +l-Is 6rrc
%o

UPDES 002 pre-treatment s318 18-Oct-2011 13.52 0,07

\()'l'HS:

irc'|r"ii" cn' 
,i,:il:+'.,1""i;1'1i,1:11,ffil,T:#fi;illlxlilT 

Hll*;fi"J:::fir;il:'i:_,_:_*l,,llJJj; x.'

( trttttnunls: l]crcent modern carbon was calculated according to stuvier, M. an<j polach, I-lA, lgg?, Discussictrr

:j; :,,f r ; Jll,HilH, ll;i' i,;',1 
j'd;fx ffitl l:?lti-t? ;i*T;,* J 

i;i ;iB I ;;;i; ;" 
.'

BYU
ID

Sanrple Date ,OC

t|r
0.04

I
-14.98

ilaA.
David C.'l'ingey
Rcsearch Profcssor

Ilage 1 of I
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B Y IJ L,,t ,,rurorv, uf'!,rorr1tc (]cr.tt:hemi.strv

[ )r;purtIrrcrrI ul Gcr.rIr:gical Scienc,es
li\'[: carrrpus, I'ruvo. IJtnh 11460]

I.'irunc. t80| t 422-19| I

( lirrnt: ['clcrsun ilydrolugic. l-l.(: Reporting Date: 7-Jary?} lZ
l6e5 N. 600 li,
l,shi. IJ'l' 8404-i

Wqst Ridqn

Sncll & Wilnrcr.

Stable lsotopic Data

\;rrrrpic l[) llYtJ ID Sanrple Date 6'tOuo*1,,* dl)yqMs\+i /- |

g
| !-

ls

UPDES 002 pre-treatment 9318 18-Oct-2011 ,18.05 0.20

tJDvsr*rwrstrre, = i126/1 H
1t8o/t6O;yssowJ" 10O0

tiDy5p.1s111s.',pa) = [f H/'H)1g,np.o - (''H/'Hhagricryr
,it'Cworr {rrrpel = 11t3c/t?chffp* - qt3clf2Chn ou

'tH/tH1u6.1s* I (2H/tHhrsuowl . I 000
- lt3clr2ghnos / 1t3c/r2cl**l' 100{Ch/posl'1000

'i'oow*ow rr.rr*ror, 8Drsrcw (.-'.p*l"aj.rdrlitt** {re.npbt 
"tu 

m* measured 'de-lta' values for lhe given sample.('''o/'no),."*' lzHlrH;"*** ind (r3c/'2c).**- 
"ie 

Eti isotope ratios, ;"diido/tto#;'dr-ittil"L* 
"ru 

*'

''r 
-L)wuow rr.r*ror, itllvsrcw (*'Tftraj..drl."C* {.rnpbt are the measured 'de_lta' values for lhe given sample.('''o/'no),."*. lzHlrH;"*** ind (r3c/'zc).ry* are raw isotope ratios, ;"diido/tro#;'ddtfi;L* are thedefined isolope ratios for hydrogen and oxygen of the VSMOW international standard. VPDB values for carbon areproduced by analysis with reference gases calibrated to NBS-19.

values are normalized to the VSMOW/SIAP scale (Coplen, 19S8; Nelson,2000; Nelson and Deilman,2001);
however. uncerlatnlies in normalization are nolincluded in error estimates.

A
Fl ) ] fl t/

,/J , L__ _D*tdffiJ/ -1
Rescarch Profcssor

-130 7 0.5
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B Y lJ ,.nu,,rurory al l.rtttspe (.iuochemistrt,

l)cpirrrmcnr o1' ( ieologic.al Sciences
llYti carrrprus, Provo. Utah 84602
plrrlt,-': (lJ0 I ) 12?-39 I lJ

gliCnt: I)ctLirsen l.lydrologic, l.l.C

t6e5 N 600 Ii.
l.chi, li l' tJ40.tj

I'rrrlccl: Wcst ltidge

Sncll & Wilrrrcr. [.]_l)

lteporting Date: 7-Jarv2? ft

'l'ritium Analy.ris

Samplc ll)

U PDES 002 pre-treatment

Samplc Date

18-Oct-201 1 2.0 0.1

Stnplu llrcpunrtiorr

Enriched

rlYtJ lt)

I
9318

\t) I F.5:

St:rndardiralion rvim dorrc using Nl's1-Radioactivity standarcl Refcrencc Material SRM 436 tC llydrogen-3.
l)rct rr-'a{ trtcnl:

Rcs$arch Profcssor
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Cl-ient: PETERS$N HYDROLOGIC
Recvd : 12/05/04
Job# : 2986
Final : Preliminary Results

Cust LABEL INFO

Purchase Order:
Contact: E.

Bill to: Erik Petersen
Petersen, 801, /7 66-4 00 6

2695 N. 600 E.
rehi, ui 84043

eTU.]OB. SX REFDATE QUANT ELYS TU

PETERSEN UPDES 002 Pre-treat 2986.01 111018 100 0 215 2.0I 0.09
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GENWAL RESOURCES II.IC

794 "C" CANYON ROAD
EAST CARBON UT 84520

Client Sample lD:
Date Sampled:
Date Received:
Product Description:

TESTS

Sulfale, SO4

Total Dissolved Solitls

Chloride. Cl

Alkalinity, mg CaCOS/L {pH 4.5)

Carbonate Alkalini$ as CaCO3

Bicarbonate Alkalinity as CaCO3

lllFTAtS BY ICF

Calcium, Ca - Dissolved

lron, Fe - Dissolved

lron, Fe - Total

Magnesium, Mg - Dissolved

Potassium, K - Dissolved

Sodium, Na - [trssolved

SGS North Amenca Inc.

PRE OO2

O(t 18,2011
Oct 19, 2011

WATER

Dissolved Metals Field Filtered

SGS Minerals Sample l[l: 782-1110378{01

REPORTIHG

LllrltT DATE

I
30

1

5

5

5

0.03

0.03

0.05

0.01

0.14

0.09

GenwalResources Inc.

FRE OO2

E.Peterson
1325
1645

I

Analysis Report

Sample lD By:

Sample Taken At:

Sample Taken By:

Time Received:
Time Sampled:

Mine:

HETilOD

EPA 3M,O

sM2540-C

EPA 3M.O

sM2320-B

SM232DB

SM232SB

EPA 200.7

EPA 200.7

EPA 200.7

EPA 200.7

EPA 200.7

EPA 2M,7

Page 1 of 1

AI{AL\trED

TlillE AHALYSTRESULT UNII

157 mgft
606 mgft
10 mg/l-

381 mgfl-
.5 rng/L

381 rng/L

96.86 m$L
0.29 m$L
2.15 mSL

54.10 mglL

8,24 mgll
33.44 mg/L

2011-1S25 16:03:00

2011-1G19 14:40:00

2011-1S25 16;03:ffi

?011-1S20 09:00:00

?011-1&20 09:00:00

2011-1S20 09:00:00

2011-1S?0 15:16:00

2011-1S20 15:16:00

2011-1S?S 15:20:00

2011-1tr20 15:16:00

2011-1&20 15:16:00

2011-1S20 15:16:00

AL

CM

AL

AL

AL

AL

AL

AL

AL

AL

AL

AL
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Domenic lbanez
Lab Supervisor

Minerals SeMc*s Division
2035 North Arrport Road Huntington UT 84526 t (4351 653-2311 f (435)-653-2436 murrr sgs.conr/minerals
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