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Determination of the Recharge Location
Of Little Bear Spring by Means of

Fluorescent Dye Tracing

1. Introduction

Little Bear Spring is located in the central Wasatch Plateau region, approximately 12 miles

northwest of Huntington, Utah (Figure 1). Mayo and Associates (1999) suggested that Little

Bear Spring is recharged through surface water and.ior alluvial groundwater losses in Mill

Fork Canyon, located approximately 1.5 miles southwest of the spring (Figure 2). Two

recent investigations have been performed by Mayo and Associates (2001a, 2001b) regarding

the recharge location for Little Bear Spring. These reports are entitled Investigation of the

Potentialfor Little Bear Spring Recharge in Mill Fork Canyon, Emery County, Utah (Mayo

and Associates, 2001a) and Investigation of the Alluvial Groundwater System In Mill Fork

Canyon with Implications for Recharge to Little Bear Spring (Mayo and Associates, 2001b).

It was the finding of both of these investigations that Little Bear Spring recharges in Mill

Fork Canyon. Water Technology and Research (1,999) performed an investigation using a

proprietary geophysical technique that was in agreement with the finding that recharge to

Little Bear Spring occurs in Mill Fork Canyon. To veriff that Mill Fork Canyon is the

recharge area for Little Bear Spring, a fluorescent dye tracing investigation was commenced

by Mayo and Associates in December 2000. This document is the report of that dye tracing

investigation.
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Figure I Location map of the Little Bear Springarea.
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Figure 2 Location of Little Bear Spring and Mill Fork Canyon.
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lncluding this introduction, this report contains the following sections:

1. Introduction
2. Methods of Study
3. Locations and Quantities of Dye Injections and Sampling Locations
4. Results
5. Conclusions
6. References Cited

2. Methods of studv

Fluorescent dye selection

The fluorescent dye eosine was selected as the tracer for the Little Bear Spring study.

Eosine dye was selected because 1) it has been determined to be safe for use in and around

culinary water systems (Aley, 1999; Field and Others,1995; Smart, 1984 ), 2) it is detectable

in water samples at the laboratory at very low concentrations while it remains non-visible at

concentrations higher than other commonly used fluorescent dyes, and 3) it is among the

dyes most resistant to adsorption onto organic or clay particles which are thought to be

present in the lower Mill Fork alluvial sediments. Eosine dye rapidly decomposes in the

presence of sunlight (Aley, 1999).

Dye detection

Analysis for eosine dye was performed on activated carbon samplers by Ozark Underground

Laboratory of Protem, Missouri. Activated carbon samplers continuously accumulate dye as

long as they remain in the water, which allows for continuous, unintemrpted monitoring for

fluorescent dye at the sampling locations. Very low laboratory detection limits are also
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possible using activated carbon samplers. The determinations of the amounts of dye to be

placed in Mill Fork Creek were based on the goal of achieving concentrations at the sampling

locations that would be high enough to be detectable in the laboratory but sufficiently low so

as not to be visible.

C h ar a ct er iz a ti on of B a ckgr ound F luor es cenc e

Prior to the placement of eosine dye into Mill Fork Creek, a survey of local hydrologic

research institutions was conducted to determine whether any recent injections of fluorescent

dye had occurred in the Huntington Canyon and surrounding area. After discussions with

personnel from the Utah State University Water Research Laboratory, University of Utah,

Brigham Young University, United States Geological survey, United States Forest Service,

State of Utah Divisions of Drinking Water and Water Quality, and local hydrologic

consulting firms, there was no indication of recently placed dye in the area.

To check for either naturally occurring or human induced background fluorescence in the

Mill Fork and Little Bear Spring areas, carbon samplers were placed in upper Mill Fork

Creek, lower Mill Fork Creek, and Little Bear Spring approximately one week before the first

placement of dye in Mill Fork Creek. Analysis of these samplers indicated no background

fluorescence.

Dye Injection Technique

After receiving letters of consent from appropriate agencies (Utah Division of Water Quality,

U.S. Forest Service, Castle Valley Special Service District) eosine dye was placed in Mill
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Fork Creek. The dye was shipped from Ozark Underground Laboratory of Protem, Missouri

in powdered form. The powdered dye was mixed with culinary water (or creek water) in 5-

gallon plastic containers prior to being placed in the creek. The dye was transported and

placed in the creek by an assistant. At no time did the person or vehicle of the person

collecting the dye samples come into contact with the eosine dye.

Sample collection procedures

Carbon samplers were collected and placed in sealed plastic baggies and kept out of sunlight

to prevent sample degradation. The person collecting the dye samples wore rubber gloves to

minimize the potential for sample contamination. The individual samples were double

bagged and shipped to the laboratory in new coolers on "blue ice" to maintain refrigeration.

A 100 ml sample of water was also collected during each sampling event at each site for

potential direct laboratory analysis. During each sampling event, new carbon samplers were

placed in duplicate to accumulate dye until the next sampling. Duplicate samplers were

placed in each sampling location to minimize the potential for data loss due to the loss of the

carbon samplers. Samplers placed in creeks were located in inconspicuous, shady areas to

minimize the potential for vandalism or dye degradation.

As is generally the practice in dye tracer studies, samples for analysis were collected more

frequently in the early portion of the test, and less frequently in the latter portion.
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3. Locations and Quantities of Dye Injections and Sampling Locations

Phase I, Dye placed December 2000

Sampling locations for Phase I of the dye tracer study are shown on Figure 3. Quantities of

dye placed and dye placement locations are also shown on Figure 3. For Phase 1, a total of 4

pounds of eosine dye was placed in three locations in the Mill Fork drainage. During

December 2001, with the exception of the discharge from spring MF-3, the Mill Fork

drainage above the fracture system was mostly dry and/or frozen for a distance of

approximately l% miles above the fracture system. The discharge from MF-3 at that time

(approximately 12 gpm) persisted in the stream channel for only about 75 yards before it

completely infiltrated into the subsurface. Approximately 1.3 pounds of eosine dye was

placed in the MF-3 discharge at 10:00 a.m. on 8 December 2000.

As shown on Figure 3, eosine dye was placed in two additional locations the upper Mill Fork

drainage on 8 December 2000 at about 11:30 a.m. Approximately 1.3 pounds of dye was

placed at each location in the creek, which was flowing at about 40 gpm at the time.

The purpose of the dye tracer investigation was to determine whether Little Bear Spring is

recharged in Mill Fork Canyon. Consequently, the primary dye monitoring location was

Little Bear Spring. The entire discharge from Little Bear Spring is captured in a closed

collection system and piped down Huntington Canyon. Carbon samplers were placed in a

concrete control structure adjacent to the Highway 3l in Huntington Canyon (Figure 3). The

control structure is part of the culinary water conveyance system and remained locked at all
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Figure 3 Dye input and monitoring locations, Phase l. Eosine dye placed on
8 December 2001. 10:00 - l2:00.
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times. Carbon samplers were also placed in the lower Mill Fork drainage where water first

emerges in the drainage below the fracture system during most of the year (Figure 3). The

purpose of monitoring at that location was to determine whether the groundwater that

emerges there is hydraulically connected to surface waters in upper Mill Fork.

Phase 2, Dye placed July 2001

Sampling locations, dye placement locations, and dye quantities placed during Phase 2 of the

dye tracer study are shown on Figure 4. Although there was appreciably more discharge in

Mill Fork Creek during July 2001 than there was during December 2000, significant reaches

of dry streambed were present during the Phase 2 dye placement. Six pounds of eosine dye

was placed in upper Mill Fork Creek at the lower end of a flowing stream reach.

Immediately below the dye placement location, the stream discharge entirely infiltrated into

the subsurface. This location is situated approximately two-thirds of a mile above the

fracture system from which Little Bear Spring discharges (Figure 4).

A meager discharge was present in the Mill Fork drainage during July 2001 below spring

MF-3. The streambed in the Mill Fork drainage below MF-3 and above the fracture system

contained water in some reaches and was dry in others. Discharge in the flowing reaches of

the stream in these locations ranged from about 1 to 5 gpm. Dye was placed in three

locations where surface water was present on 30 July 2001 from t9:00 to 20:30. The

amounts of dye placed were 2 pounds at the upper location, 6 pounds in the middle location,

and 6 pounds in the lower location (Figure 4).
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In addition to the dye placed in the flowing reaches of Mill Fork Creek during Phase 2 of the

dye tracer study, additional dye was placed in dry sets below the fracture system from which

Little Bear Spring discharges. These locations are shown on Figure 5. On 30 July 2001 at

2l:00,2 pounds of eosine was placed in the upper dry set, 2 pounds placed in the middle dry

set, and I pound placed in the lower dry set. The dry sets consisted of powdered eosine dye

in open-topped plastic containers that were placed in the dry streambed and were to be

activated when a significant amount of surface water was present in the drainage. When the

dry sets were investigated on 28 October 200I, it was found that the dry sets had only

partially activated and much or all of the powdered dye remained in the plastic containers.

This is an indication that only relatively small surface water flows had occurred in the

drainage. Approximately 1 pound of dye had been released from the upper set,

approximately 0.25 pounds from the middle set, and approximately 0.25 pounds had been

released from the lower set. The residual dye and the dry set containers were removed from

the Mill Fork Drainage on 28 October 2001 and disposed of properly.

During Phase 2 of the investigation, monitoring of Little Bear Spring at the concrete control

structure continued as during Phase 1. In the period immediately preceding the placement of

dye for Phase 2, surface water had been flowing continuously at the surface from the dye

placement areas to the confluence with Huntington Creek. Surface waters containing dye

that could persist in the drainage from the dye placement area to the lower Mill Fork station

would render any information about groundwater transport of dye to the lower Mill Fork

station meaningless. Therefore, sampling at the lower Mill Fork site was discontinued for

Phase 2 of the investieation.
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4. Results

Phase I

The results of the dye detection analyses are listed in Table 1. Laboratory reporting sheets

from Ozark Underground Laboratory are provided in the Appendix. As shown in Table 1, no

eosine was detected in either monitoring location for a period of approximately 6 months.

On l0 June 2001, a minor amount of eosine was detected at the lower Mill Fork site (Table

1). On the next monitoring event 13 days later, no eosine was detected at the lower Mill Fork

site. Mayo and Associated (2001a) predicted that some of the alluvial groundwater in the

upper Mill Fork drainage should eventually reach the lower Mill Fork monitoring site.

However, the 10 June 2001 sampling event was the first sampling event after the first

occwrence of continuous surface water flow in Mill Fork Creek from the headwater areas to

below the lower Mill Fork monitoring site. Thus, there is the possibility that eosine dye held

in the streambank sediments or shallow alluvial sediments beneath the shady, frozendrainage

during the winter months could have been incorporated into the surface flow that reached the

lower Mill Fork monitoring site. It is unknown whether the dye detected at the lower Mill

Fork station was transported through the alluvial groundwater system in Mill Fork Canyon or

whether the dye was transported by the surface water flow that had recently inundated the

monitoring site. The latter of these two possibilities seems most likely.
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Table 1 Dye sample log and analytical results.

Sample name Date retrieved from water Time Date Dut in water Date sent for analvsis Result Gomments

Mlll Foil( LJppGr#1
Mlll Fork Uppsr #il
Mlll Fort Uppor water ramp

Mlll Fo.k Lmrttl
Mlll Fork Lilor t2
Mlll Folk Lmrmlor samp

Llttle Beartl
Llttl. Besiln
Lltlle B€armler 3amo

Phase I

27+lw.00
27.Nw.lto
27.Nry-lto

29.Nov.00
29-Nd-{t0 (lcn)

29-Nd.00

9.Drc.O0
9.D.c.00
9.Doc.00

9.Drc.00
9.{)!c.00
9-O!c.00

ll.D.c.00
I 1.Doc.{ro
I I -D!c.00

I I -D.c.Oo
I 1.Drc.00
I I -Dec.{t0

l+D.c-{to
l,l-D.c.00
l+D.c.00

l+Dec.00
'l+Doc.oo
1 +Doc-00

26.Dec.00
26.Orc.00
26.0rc.00

26.D!c.00
26-D.c.Oo

| 28-D.c{0
I

I 2.Jan.Ol
l2{an.Ol
t2{an{tl

t2rJan.0l
t2-J.n-01
l2{en-01

24-Jan.0l
24-Jan.0l
24-Jan-01

24-ran.ol
2!lJen.0l
z'|1,an.0l

2.Frb.O1
2-Fob-01
2frb.01

2-Feb{l
2.F!b.01
2.F.b-01

l7.Fcb4l
l7-F.b.ol
l7.Frb.ol

l7+cb.0l
l7.Fsb.01
I 7-F.b-ol

I 'l-Mar.Ol
'1+Ma..01

l+Mar-01

l+M8r-lrl
l+Mar.{tl
l4-ilar{1

1.4pr.01
1 -Apr-Ol
l.Apr.01

1.Apr.01
1.4pr.01
l.Apr.0l

27.A'pr4,
27-Ap..ol
27.Apr.0l

27.^'or41
27.A'9141
27.A'9141

l3.May-01
llMay.Ol
l3-May.ol

I 3.ll8y.o1
(not colleci€d)

'13.il1ay.01

27-Mey-01
27-M.y.0t
27-M.y.01

27.tt8y-0'l
27-May.01
27.May.0'l

I |}.run-oi
l0.run.01
l0.run.01

1 o.run-Ol
l0"Jun.01
l0Jun-01

23"Jun.0l (damaged)
23Jun{l {lost}

23*Jun.{rl

23-Jun-01
23alun.01
23alun.0l

27-Jun-01
27Jun-01
27.Jun4l

27.Jun-01

25arul.01
25arul-0i
25arul-01
25rrul-01

1 l:00
11r00
11:00

12:N

12:00

l4:,15
14:45
14145

'14;10

14r'10
14:10

14:00
14:00
14:00

15:00
15:00
'15:00

17:00
17:00
17:OO

18:00
'l8:0O

1 8:00

15i00
't5:00

15:00

16:m
16:00
'16:00

17:00
'17:00

17:00

'18:00

1 8:00
I 8:00

16:00
16:00
16:00

17:00
17:00
17:00

13:30
13:30
13:30

16:30 2-Feb-01
'16:30 2-FeE01
l6:30

17-Feto'l
17-Feb-o'l

'17-FeFo1

17-Feb-0'l

14.Mar-o1
14-Mar-o1

14-Mar-o1
14-MaFo1

'l-Apr-0'l
1-ApFol

'l-Ap.-o'l
'1.4pts01

27-Apr-0'l
27.Apr-01

27-ADr-01

20-Nov.{m
29.Nov.llo
29J'ld.{to

2$Nov{o
back-up
,serye

2+Nov40
back-up
aseNe

2$Nov-00

tesede

1SDtr-oo
back.up
rserye

15.Ds-00
back-up
16we

lSOs-00
back-up
16erye

lSDs-00
bek-up
rserye

1S.D*"Oo
bek-up
reserye

lSDe-00
back-up
reserye

27-De-00
back-up
rserye

27-Oec-OO
bac*-up
16erye

15.JaDo1
back-up
fesere

'lSJaftol

back-up
reserye

26Jaro1
back-up
reserye

2&Jaro1
back-up
reserye

7-Feb-01
back-up
16eNe

7-Feb..0'1
b*k-up
rcsede

2$Feb-o'l
back-up
reserye

23-Feb-o1
back-up
teserye

1SMar.01
back.uD
reserye

1&MaF01
back-up
reserye

$ADr-o1
back-up
teseNe

3-Apr-o1
back-up
teseNe

3GApr01
back-uD
reserye

3GApr.o1
back-up
reserye

21 -Mav.01
back-up
16erye

21-Mav-o1

,eseNe

2$May-01
brck-up
teserye

2SMay-01
back-up
aeseNe

1SJur01
back-uD
16erye

15-Juc01
back-up
reserye

25-Juc01

r6erye

2SJufto1
back-up
reserye

IJul-o1
beck-up
reserye

9Jul-01

2SJul.01
back-up
back-up
16eNe

Backe.ound ch*k
Backorcund chsk
Bekground chtrk

Backgrcund check
Bsckeround ch*k
Backorcund ch4k

Bekqmund chsk
Backepund chsl
Bakqmund check

Eoslnc dy. (4 lbs) added to RlOht and Lefr fork of Mill Fork (A D€c 00, t0 am - t2 n6nl

Mlll Folk Lmrll
Mlll Fork Lmr*2
Mlll FoIk Lmrwatsr aamp

Llttle Bear tl
Llttle B€ar *2
Llttle B6ar watcr semp

Mlll Fork Lryar tfl
Mlll Fort Lmr#1
Mlll Fork Lorcrmtcr 3amp

Llttl. B.ar*l
Lltllo Blart2
Llttlo Sorrmt.r samp

Llttls Bearrl
Lltile Bearf2
Llttle B.arwaior 3amp

Mill Fork Lorcrfi
Mlll Fork Lmr#2
Mill Fork Lorcrwater samD

Llltlc B€erll
Llttlo Eoer ,2
Lltile B€ar walor samp

Mlll Fork Lorcr *l
Mlll Fod( Lorer#2
Mlll For* Lowerwater 3amp

Lltile Boar#l
Llttlc Bear *il
Llttl! Bcar water samp

Mlll FoIt Lorer*l
Mlll Fork Lmr,2
Mlll Fork LMr watcr lamp

Llttle Boar *l
Ltttlr 8!ar fil
Llftls Bear water aamp

Mlll Fort Liler*1
Mlll Fori LMr#2
Mlll ForI Lorerwaler samt

Lltth Bsarll
Llttlc Bear #2
Llttls Bsarwat€r lamp

Mlll Fo* Lilorfl
Mlll Fork Lomr #l
Mlll For* Lowrmt.r ramp

Llttle Bear fi
Little Baar12
Llttle Baarwallr Eamp

Mlll For* Lower *l
Mlll Fork LowGr #2
Mlll Fork LMr wat.r smp

LAle Bear *l
LlftlG Bearf2
Llltl€ Bearwater samp

Mlll Fork Lorcrtll
Mlll Fork LMrf2
Mlll Fork Lmrwater samp

Llttl€ Boar f,l
Lltile Bear #2
Llftla Bsar watgr samp

Mlll Fort Lilorti
Mlll Fo.k Lowrtr2
Mlll Fo* Lryerwater ramp

Llttle Besrfl
Lltll6 Boarf2
Lltlle Bsarwatsr samp

Mlll Fork Lmrfl
Mlll Fork Lmrf2
Mill Fork Lmrwater samp

Llttle Bear tl
Llttle Bear r:l
Llttls Bsarwatef samp

Mlll Fod( LMrrl
Mlll Fork Lorer#2
Mlll Fork Lilerwaler samp

Llftl.8qa.ff
Llttl. Ssar fil
Llltls gsar watsr ramp

Mlll Fo]k LMr*l
Mlll Fork Lowrtt2
Mlll Fork Lmrml€r 3amp

Llttle Bearilt
Llttl€ B€ar t2
Llttls Brarwal€r lamp

Mtll Fork Lser*t
Mlll Fork Lmr*2
Mlll Fork Ldorwter samp

Llttle Bear *l
L[tls B.ar t2
Llttls gsarwater smp

Mill Fork Lorcr*l
Mlll Fork LMrt2
Mlll Fork Lmrwsler samp

Llttlc Bsartl
Llttls Beart2
Llttle Bsarwtsr samp

Lltlls B€ar USFS

Llftlo Boar Backuo fl
Llttb Boa. B.ckup t2
Llttl€ Bsar Backup t3
Littlc Bearwai{ ramp

Phase 2

Llttls B€ar#1
Llttlc Boar *2
Lltllo Baar #3
Llitb Bear water samp

Llttlo Boar *l
Llttb gsar t2
Llttle Boar13
Llttle Bearmtsr samp

'15:40

15:,10
15:40

15:10
15:10
15:10

2gNov4o
2$N@00

29Nov-00
2$Ns0O

$De.00*Y'*
9Dec-00
*o:'*

1't-D@-00
11-Ds-00

'11-Ds-00

11-Ds-00

1+D6-00
'l4-D@00

l4-Ds-00
'14-Ds-m

2SOs-00
2ADe-00

2&De-00
2SDs-00

12-Jar01
12-J*01

12-Jafto1
'12-Jtr01

21-Jeco1
2+Je01

2+JaNOl
2ifJe01

2-Feb-01
2-Feb-o1

16:45
16:45
16:45

17.15

12:30
12:30
12:30

13:30
13:30
13i30

13:30
13:30
'13:30

13:45

13:45

17:15
17.15
17;'15

17:15
17:45
17:45

16:45
16:45
16:45

17i15
17115
17t15

20:00
20:00
20:00

20:30
20:30
20:30

13:30
13:30
13:30

13:30

18:00
18:00
18:00
18:(X)

17.W
17:00
'17:00

17:00

17:00
17:00
17:00
l7:00

'llMay-o1
'llMay-o1

1$Mav-o'l
27-Api01

27-May-01
27-May-O'1

27-May-O1
27-Mw-O"l

lGJun-o1
'lGJr01

1GJuro'l
1GJr01

23-Juc01
23-Jr01

14-Dec.oo
1 4-Oec.00
14-Ds-00

N.D.

N.D. Plac€d 3 ca.bon safi|plers in the sprim box tor ereroencv backup.

N.D.

N.D.

N.O.

N.D.

N.D.

N.D-

N.D,

N.O.

N.D.

N.D,

N,D,

N.D,

N.D.

N.D.

N.D.

N.D.

N.O.

N.D.

N.D.

N.D.

N.D.

N.D.

1.26 Dpb

N.D. (possible) About 2/3 of the carbon leaked out of the bag thrcuqh a hole In the carbon sanpler mh
Carbon sampler separated Fom the wlre holder and was lost

N.D.

N.D.

N.D. Ssmpter placed in sprlnq box bV Xad Bover appaoxlmatelv 2 weeks ea'lier

N.D. Installed 3 reDlacemnt baclup samplers

17:00
17:00
17:00

17:30
17:30
17:30

Eo3lne dyc (20 lb3) placed In lh€ Mlll Fork Dralnaga abow the traclun zons, 20 July 2001. Also 1.5 lbs rclaased from dty 3e$ belil fncluro.

9-Sop-01
g-S!p.Ol
9.Srp.0l
g-Scp.ol

2&S.p-01
26-Sop-01
26-Scp-oi
26.$p-01

25-Jul-o1
2SJufo1
2$Jul-o'l

9-Setrol
9Setro1
$Setro1

2&Setro1
back-up
back.up
reserve

2&Setro1
back-up
bek-up
reserye

312 9pb

49€ Dob





Moyo snd Associales, LC

Phase 2

No eosine was detected at Little Bear Spring during Phase I of the dye tracer investigation.

As discussed previously, the amount of eosine placed in the Mill Fork drainage during Phase

1 of the investigation was minimized to mitigate the potential for visible coloration of the

water in Little Bear Spring. After conversations with Mr. Tom Aley of the Ozark

Underground Laboratory (Personnal Communication, Tom Aley, 200I) it was concluded that

there was a reasonable possibility that insufficient eosine dye was placed during Phase 1. It

has been estimated that commonly only approximately Lo/o of the dye injected in a tracer

study in fractured, non-soluble rock is recovered at the sampling location (Ozark

Underground Laboratory, 1999). This is because fluorescent dye is readily lost to adsorption

on clay particles or organic material, or is lost to photo-degradation prior to infiltration. Mr.

Aley recommended that for Phase 2 of the dye tracer study, approximately 4 times the

amount of eosine dye used for Phase 1 be placed in the drainage. Consequently, a total of 20

pounds of eosine dye was placed in the Mill Fork drainage above the fracture system for

Phase 2 of the dye tracer study.

It is not known when the approximately 1.5 pounds of eosine dye in the three dry sets

discussed previously was released into the drainage. However, because all of the dry sets

were located down gradient of the upper fracture from which Little Bear Spring discharges

(Figure 5), it is unlikely that significant amounts of dye from the dry sets ever arrived at

Little Bear Spring.

Determination of the Recharge Location
Of Little Bear Spring by Means of
Fluorescent Dye Tracing

15 20 November 2001



Meyo end Assocleles, LC

On 9 September 2001 during the first sampling event at Little Bear Spring subsequent to the

introduction of dye for Phase 2 of the investigation, eosine dye was detected in the carbon

sampler at a concentration of 312 ppb. On the following sampling event on 26 September

2001, dye was again detected at a concentration of 496 ppb.

5. Conclusions

Based on the positive detection of eosine dye in Little Bear Spring, it has been demonstrated

that water in the Mill Fork Drainage recharges Little Bear Spring. The travel time from the

streambed in Mill Fork Canyon to the spring is 40 days or less. These findings are in

complete agreement with previous investigations of Little Bear Spring conducted by Mayo

and Associates (2001a, 2001b).
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Drte Semples Rec'd at OUL:
Drte Anelyzed by OUL:

Ozark Underground Laboratory for Mayo & Associates

Novomber30,2fi)0
Decernber 6, 2000

Teble l. Results for chercoel beckground semplers andyzed for the pres€nce of fluorescein, eosine rnd rhodernine lvr (RWT) dyes' Peak

wavelengtha are reported in nanonrtcrslnm); dy_e concentrations ar9 rypqrtld in parts per ttttiggPb). __-

OTJL
Lrb #

Stn.
*

Strffon Nrrnc DrtdTime I
Pleced I
2000 I

Drte/Time
Coltectcd

2frm

Fluoresceln Eosine l{W'r

Pek Conc, Conc.

K6979 I Little Bcar VDT lLl29 1200 ND \ID ND
:tll '$ift -lpil"rlLo ;ili$ltrr'-all!f;1a'1s1

K69tl 2 MillForkUppcr IIDT 1r/28 1600 ND ND MD

K6982 J Mill Forklowcr $DT tu29 rr30 lID ND ND

f,.OOTNOTES:

NDT = No date or timc given

ND - No dye dctected



tl
i t l

tl
i . lr l

L

1

I

Ozark Underground Laboratory for Mayo & Associates

LittleBear Springs
Edk C. Peterscn
Decerrber 15,2000
December IE,2000
Dcccmbcr 20, 2000

['ooTN,0rTS:

NDT = No darc ortimc giveo

ND : No dyc detected

Project:
Semples collected by:
Sernples shipped on:
Dete semples rec'd et OIJL:
Dete anelyzcd by OIIL:

Trbb f . Results for chrcorl remplers rnelpcd for the pres€nce of fluorescein, eocine end rhodrmine WT (RlIfT) dyes. Peak wavelengths are
rcportcd in nauorreters (nm); dyc concgntatious are reportcd in parts per billion (ppb).

OIJL
Leb #

Stn.
#

Stedou Neme Dete/Tine
Pleccd

2000

DeteiTimc
Colhcted

ilmo

Fluorescein Eosine nwT

Perk Conc- Peek Conc. Peek Conc.
K7367 3 MillFortlowcr# | NDT t2l9 ts4o ND \ID ND
K7368 t Littlc Bcar# I NDT l2t9 r'lo ND ND ND
K7369 3 MillFortLower# I lIDT t2nt 1445 ND ND lID
K?370 I Litth Bear # I \IDT IAtr |4to ND ND YD
K7371 3 MillForkLowcr# I NDT 'Al4fi00 ND \D t{D
K7372 I Little Bear # I NDT L2lr4t4o0 ND lID ND



Project:
Srmples collected by:
Srmples shipped on:
Drte samples rec'd et OUL:
Date anellzed by OIJL:

Ozark Underground Laboratory for Mayo & Associates

Crandall Canyon Mine Project
Erik C. Petersen
Dcceurbcr 27, 2000
Dccember 28,2000
January 4, 2001

Trble l. Rcsults for chrrcod remplers enelyzed for the presence of fluorescein, eosine end rhodemisc WT (RWT) dyes. Peak wavelengths are
reported in nanometcrs (nm); dye couccntations are reportcd inpartr pcrbillion (ppb).

OUL
Leb #

Stn.
#

StrtfunNrme DrtdTimc
PIeced
2000

Detc/Time
Collected

2000

Fluorescein Eosine RWT

Petk Conc, Peek Conc. Peak Conc.

K7491 I Little Bear # I NDT r2t261700 \ID ND ND

tr.:l492 3 MiIl Fork Lower # I NDT tu26 rEoo YD ND ND

T'OOTNOTES:

NDT : No date or time given

ND = No dye detected



I
Ozark Underground Laboratory for Mayo & Associates

Crandall Canyon Mine Project
Erik C. Peterseir
fanuary 15, 2001
Ianuary 17,2001
Ianuary 22,2001

I

Proiect:
Samples collected byr
Semples shipped on:
Ilate semples rec'd et OUL:
Date enelyzed by OIJL:

Teble l. Recults for chercoal semplerc rnelyaed for the prescnce of fluorcscein, eosine end rbodrmine lVT (Rl\n) dyes. Peak wavelcngths are
reportcd in naoometers (nm); dye concenEatiorls are reported inparts per billion (ppb).

OUL
Leb #

OUL
Stn.
#

Stetion Namc Deft/Time
Pleced

Dete/Time
Collectcd

200r

Fluorescein Eogine RWT

Perk Conc. Peah Conc. Peak Conc.

K7949 I Little Bear # I NDT r/12 t500 lID ND \ID

K79t0 1 Mill Fork Lower# I \IDT utz t600 VD ND !ID

FOOTNOTES:

NDT : No date ortime given

ND : No dye detected



I

I
Ozark Underground Laboratory for Mayo & Associates

Project:
Sempler collccted by:
Semplec shipped on:
D.te Errnpl$ rec'd at OIJL:
Dete rnelyzed by OUL:

GENWAL
Erik Petersen
January 26,200l
January 30, 2001
Jauuary 31, 2001

Teble 1. Results for chercod samplers enellzed for the presen$ of eosine dyc. Peak wavelengths arr
:Eg4gd in nanornchrs (nm); dye conccntsations arc reported in parts per billiou (ppb).

OUL
Lab #

OUL
Stn.
#

Strtiou Nemc Dete/Timc
Placed
2001

DetdTtme
Collected

2001

Eorine

Pcek Conc.
K80?2 3 MillFork Lower # I L/r2 rffio t/24 t7Q0 i$D
K8073 I LittleBer# I 1/12 1500 l/24 1800 \ID

F'OOTNOTES:

ND = No dye deteeted



Ozark Underground Laboratory for Mayo & Associates

Project: GEIIIVAL
Srmples collected by: Erik Petcrsen
Samples shipped on: February 7,2001
Date rrmples recrd et OIIL: Febnrary 9, 2001
Dete enrlyzed by OIIL: Febnrary 14,2001

FOOTNOTES:

ND : No dye daccad

Teble 1. Reeults for charcoel remplers anelyzed for the preccnce of eosine dye. Peak wrvclengtbs are
reported in nanometers (nm); dye conccnbations aro rcported in parts per billion (ppb).

OUL
Lab #

OtJL
Stn.

#

Statlon Nrme Dete/Tlme
Placcd
2001

Iletc/Tlme
Collccted

2001

Eosine

Pcrk Conc.

K8289 I Littlc Bcar # I U24 l7W Ltzl6W \ID

K8290 5 Mill Fork Lower # I l/24 1800 u2 1700 liD



Ozwk Underground Laboratory for Mayo & Associates

Project:
Samples coltected by:
Samples shippcd on:
Dete sanples rec'd at 0UL:
Date enel)"zed by OLt'L:

GENWAL
Erik Pcterscn
Febnary 23,2001
Fcbnrary 27,2001
March 1,2001

Trble 1. Results for chercod nmplers rnrlyzed for tbe prersncc of eosinc dye. Peak wavelengths are
repofisd in nanometers (nm); dye concentrations are reported in parts pcr billion (ppb),

OUL
Lab #

OUL
Stn.

#

Stedon Namc Date/Tirne
Placcd
2001

Dete/Tlme
Collectod

zml

Eoeinc

Peak Conc.

K8479 1 Littlc Bear # I 2t2 1600 ur7 1330 ND

K848r 3 Mill Fork Lowsr # I ilz t700 ut7 t630 ND

FQ9INojilEs:

ND : No dye detected



Ozark Underground Laboratory for Mayo & Associates

Project:
Semplcs collected by:
Semples rhlpped on:
Ilrte srmplcs rec'd et OIJL:
Drte rnrlyzed by OUL:

GENWAL - Little Bear
Erik Petcrsen
March 16,2001
March 20, 2001
March 23. 2001

Trblc 1. Resulb for chrrcoal earnplers rnrlyzed for the pres€trc€ of eoelnc dyc. Peak wavelengfbc are
reported in nanometcrs (nnr); dyc conccntrations arc reported in parB per billiou (ppb).

OUL
Lrb #

OUL
Stn.
#

Strtion Namc DrtelTime
PIeced
2001

Detcy'Tlme
Collcctcd

200t

Eoclnc

Peek Com.

K8870 I Little Bcar # I 2n7 1330 ,lr4 1230 lID

KEETI 3 Mill Fort Lower # I 2il1 1630 vl4 t330 IID

FOOTNOTES:

ND = No dye detected

I

-
-



Ozark Underground Laboratory for Mayo & Associates

Projec$ GEIIWAL
Samples collected by: Erik Pet€(sen
Samples shipped on: April3, 2001
Date sampleg rec'd at OIJL: April 5, 2001
Drte enalyzed by OUL: Aprit 6, 2001

FOOTNOTES:

ND = No dye detcstcd

Teble l. Results for chrrcorl srmplers ana[zed for the presence of eocine dye. Peak wavelengths are
reportcd in nanometers (nm); dye concentrations are reported in parts per billion (ppb).

OUI.
Leb #

OUL
Stn.
#

Statlon Nrme Drte/Time
Pleced
2001

Dete/Timc
Collected

2001

Eosine

Peak Conc.
K9049 t

I Littte Bear # I 3lr41230 r/l 1330 \JD
K9050 3 Mill Fork [,owcr # I 3/14 1330 {/1 1345 lID



Ozark Underground Laboratory for Mayo & Associates

Project:
Semples collected by:
Semples shipped on:
Date semplec recrd rt OIIL:
Date enrlyzed by OUL:

GBNWAL
Erik Petersen
April30, 2001
Mzy2,20ol
May 10,2001

Trble 1. Resulte for chrrcosl samplers rnrlyzed for the prescnce of coslne dye. Peak wavelengtbs a,rt
repodcd in nanometsrs (nm); dye concenbations are reported in parts per billion (ppb).

OUL
Leb #

OUL
Stn.
#

Station Nrrne Dete/Time
Plrced

2001

Dete/Time
Collected

2001

Eosine

Peak Conc.

K9427 I Little Bear # 1 4/t 1330 +127 r'730 ND

K942E 3 Mill Fork Lower # I 4/t 1345 +n7 n4s ND

rooTNQrn$;

ND = No dye detected



Ozark Underground Laboratory for Mayo & Associates

ProJeet: GENWAL
Semples collected by: Erik Petersen
Samples shipped on: May 21, 2001
Date srrnples rec'd et OUL: May 23, 2001
Date anrlyzed by OUL: May 31,2001

IooTNOTES:

ND : No dye dstected

Table 1. Results for ehercorl semplers enelyzed for the presenoe of eoslnc dye. Pea.k wavelengttu are
Iported in nanorneters (nm); dyc conccntrations are reported in parts per billion (ppb).

ouL
Lab #

otil,
Stn.
#

Station Nrme Ilate/Timc
Pleced
2fill

Drte/Time
Collected

2001

Ecine

Peak Conc.
L0107 I Littlo Bcar # I +t27 t7t5 5lL3 t645 IID
L0108 MiltFork Lower # I +t27 t745 5tL3 tTtS ND



Ozark Underground Laboratory for Mayo & Associates

Project GENWAL
Samples collccted by: Erik petersen
Samples rhipped on: May 29,2001
Date samphs rcc'd st OUL: May 31,2001
Date analyzed by OIIL: June ?,2001

FO-OTNOTT'.S:

ND = No dye detectcd

Tabte l. Results for charcoal sampters anetyzeO for the prcscncc of eosine dye Peak wavelengths are
reported in nanometers (nrn); dye concentations are reported in parts per billion (ppb).

OUL
Lrb #

OUL
Stn.
#

Station Name Date/Tinc

Placcd

2001

Drte,/Time
Collected

2001

Eosine

Pcak Conc.
L0484 I Li6lo Bcar # I 5ll3 t64s sn1Yt00 \ID
1,0485 J Vtill Fork Lower # I t / l3 l7t5 5n7 1730 ND



FOOTNOTES:

ND = No dye detected
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I
I
a
I

fn
I
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I
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Ozark Underground Laboratory for Mayo & Associates

Proiect:
Samples collected by:
Semples shipped onr
Date samples rec'd at OIJL:
Date enrtyzed by OUL:

GENWAL
Erik Petersen
June 15 and 25,2001
June 19 and 27.2001
June 27, 2001

Trble l. Recults for charcorl semplers rnelyzed for the prcs€nce of eosine dye. Peak wavelengths are
reported in nanometers (nm); dye concentations are reported in parts pcr billion (ppb).

OUL
Lrb #

OUL
Stn.
#

Station Nrme Drte/Time
Pleced
2001

Drte/Time
Collectcd

2001

Eosine

Perk Conc.

L1055 I Little Bear # 1 5t27 t',lw 5/10 1645 !lD

L1056 Mill Fork Lower # 1 5127 1730 5/10 1715 t36.4 r .26
L1290 I Little Bear # I 5tr0 1645 512320trJ \ID
Lr29l 3 Mill Fork Lower # I 5/r0 rTrs 5t23 2030 \ID



I
t
t
I
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Ozark Underground Laboratory for Mayo & Associates

Projectl
Srmples collected by:
Samples shipped on:
Dete semplec rec'd et OUL:
Date enel;zed by OUL:

GENWAL
Erik Petcrsen
July 9, 2001
July 11, 2001
July 13,2001

Table l. Results for charcoal srmplers rnrlyzed for the pretencs of Ouoresceln and eoslne dyes. Peak
wavelengtls arc reported in nanometers (nm); dye concentsations are reported in parts per billiou (ppb).

ouL
Lab #

OUL
Stn.
#

Stetion Nrme Drte/Time
Pleced
2001

Date/Time
Collectcd

2001

tr'luoreccein Eosine

Peak Conc. Peek Conc.

L1658 t Littlc Bear #l 6/23 2000 5t27 t330 ND ND
L1659 4 Littlc Bcar USFS lIDT 7iE 2000 NID ND

Lt66l 3 Mill Fork Lower #l 5123 2030 7t82030 lID ND

Lt662 I Little Bear #1 sl23 2000 7/8 2000 lID ND

tr.OOTNOTDS:

ND = No dye detectcd



Ozark Underground Laboratory for Mayo & Associates

t
Project: GENWAL
Samptes collected by: Erik Petersen
Samples shipped on: July 26,2001
Drte srmples rec'd at OIJL: July 30, 2001
Drte analyzed by OULI August l, 2001

FOOTNOTES:

ND = No dye detected

Teble 1. Results for charcod sampler rnelyzed for the pr$ence of lluoresceln and eoslne dyes. Peak
wavelengths are reportcd in nanometers (nm); dyc concentrations are reported in parts per billion (ppb).

OtJL
Lab #

OUL
Stn.

#

Stefion Nrme Date/Tlme
Pleced
2000

DetelTime
Collected

2001

Fluorcscein Eosine

Peak Conc. Peak Conc.

L2030 I Little Bear Backup #1 t2/14 1400 r/2s 1800 ND ND



ozark underground Laboratory for petersen Hydrologic

ProJect:
Samples collected by:
Samples shipped on:
Drte semples recrd et OUL:
Date rnrlyzed by OUL:

GENWAL
Erik Petcrsen
Septernber 28, 2001
October l,2001
October 5,2001

Table l. Results for charcort sarnplers anatyzed for thc presence of tluorescein *a 
"o.inl$fEwavelengths are r€ported in nanomcten (nm); dyc concentrations are reportcd in parts pcr billion (ppb).

OUL
Leb #

OUL
Stn.
#

Statlon Name Date/Time
Placed
2000

Dete,/Time
Collected

2001

Fluorescein Eosine

Perk Conc- Perk Conc.
L3448 t Littlc Bear #l 7/25 n$A )/9 1700 \ID r38.7 312
L3449 I Little Bear #1 )191700 9/261700 ND 538.8 496

F'OOTNOTT'S:

ND = No dye derectcd


