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Water Quality Sampling for the 2001 Spring Runoff in the Bulkley Valley

1. S u m m a r y :

Environment Canada and Department of  Fisheries and Oceans conducted a baseline sampling
program during spring runoff, 2001. T h e  objective o f  the sampling program was to gather
information during the spring runoff period on the water quality o f  specific streams where
agricultural runoff may occur, and from that information, determine which areas may require a
more comprehensive sampling and inspection program.

Grab samples were collected between April 3rd and 25th a t  6 different locations: Deep Creek,
Byman Creek, Upper Thompson Creek, Old Thompson Creek, Thompson Creek and Canyon
Creek. T h e  following parameters were measured: p H ,  conductivity, temperature, dissolved
oxygen, fecal coliform, ammonia, nitrate, nitrite and ortho-phosphorus.

This basic sampling program for Spring 2001 did not find any indicators of agricultural impacts
on Byman Creek and it suggested that both Canyon and Deep Creek may have minor impacts
from agricultural runoff during the spring freshet. T h e  Thompson Creek sampling identified
possible concerns with agricultural runoff, as elevated nutrients and fecals were present, along
with slightly lower dissolved oxygen and increased temperatures in Old Thompson Creek.

Recommendations include increased sampling along Thompson Creek, inspections of  facilities
along Canyon, Thompson and Upper Thompson, removal o f  contaminant source on Old
Thompson Creek, expansion of sampling program to include petroleum products, pesticides and
metals and ensuring that residents are aware o f  health concerns related to elevated fecal
coliforms in the water.

Smile
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2. Introduction:

Every spring the melting of snow and rainfall results in increased runoff to streams and
rivers. With this runoff, there is the potential for pollutants that have accumulated over the
winter, to enter the surface water and adversely impact the fisheries resources and human
health.

The land use activities adjacent to the streams have a significant impact on what pollutants
may be contained in the spring runoff. One industry that has been identified as a possible
concern for poor quality runoff is agriculture. I n  the Bulkley Valley, there is an extensive
agricultural community with many farms located next to fish bearing streams.

Agricultural runoff quality can be measured by completing sampling and analysis for a
number of key parameters that may indicate the presence of agricultural pollutants. The
results can then be compared to acceptable levels for human health, aquatic life/fish,
livestock and agricultural. The limits, where applicable, are listed below, along with the
reference material. A  table of the following information is available in Appendix 1.

Dissolved Oxygen
Dissolved oxygen is extremely important to aquatic organisms survival. I f  the concentration
drops too low, fish may suffocate. Generally highly agitated surface waters (bubbling brooks) are
near saturation for dissolved oxygen. However the saturation level is dependent on temperature:
the warmer the water, the less oxygen it can contain. The majority of chemical reactions and
biological activities require oxygen, so if the demand is high, a drop in oxygen in the water may
result.
Agricultural discharges generally have an elevated oxygen demand, in addition to elevated
temperature therefore the dissolved oxygen in the system may be adversely affected. Manure
exhibits high oxygen demand, with levels 30 times higher than human waste (Guide, 1992).
Oxygen concentrations below 6.5 mg/1 are considered a concern for fish health according to the
MAFF Factsheet. The BC Environment water quality guidelines for the protection of salmonids
indicate 5 mg/1 for all life stages and 9 mg/1 for buried embryo or aelevin (water column
concentrations over gravel) (WQCDO, 1997).

EH
pH is unit of measurement which describes the degree of acidity or alkalinity in the water. I t  is
affected by contaminants in the water such as a wood residue leachate. Conversely, the pH will
determine the amount of some contaminants that can be dissolved in the liquid. For example,
metals dissolve in more acidic pH, and come out of solution as pH rises. When the pH drops too
low or is increased to high, it can cause health impacts on aquatic organisms. Water with pH less
than 4.5 and greater than 9.0 has been documented to be toxic to fish. The acceptable pH range for
aquatic life is from 6.0 to 8.5 Outside this range fish health can be affected. (MAFF Factsheet).

Temperature
S A s  temperature increases, the amount of oxygen that the water can carry decreases. This can

esult in the fish in the stream becoming stressed. High temperatures and stress can increase the
robability of diseases, thus decreasing the survival rate for fish. Temperature readings less than

15 °C are considered acceptable for aquatic life (MAFF Factsheet). Fish health may be affected if
temperature is greater than this.
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Fecal Colifonn
Fecal coliforms are an indication of warm blooded animal faeces in the water. Generally the fecal
coliforms have no impact on fish, but they provide indication that animal faeces are being
discharged. Some parameters associated with animal faeces are nitrogens (ammonia, nitrate,
nitrite), phosphorus, increased temperature, decreased dissolved oxygen and possibly impacts to
riparian vegetation. Al l  of these can negatively affect fish and fish food.
Fecal coliforms are important for other uses of surface water. Human health, livestock health, and
irrigation may be impacted i f  the concentration of fecal matter is outside acceptable levels.
According to Ministry of Health and the Canadian Water Quality Guidelines, the drinking water
limit is 0/100m1 sample, and for livestock it is 200/100 ml maximum.

Pesticides
When pesticides reach surface water they not only impact fish, but also people, cattle, wild
animals and bird (Guide, 1992). They are mainly transported via soil particles and organic matter
carried by overland flow (Gaherty et. al., 1996). Therefore, contamination can occur from over
use, drift, spills or direct application to the water.

Petroleum Products
Gasoline, diesel and other oil products can cause significant impacts to the aquatic environment
through destruction of fish food and habitat, and toxicity. Fish gills may be coated with oils, thus
causing suffocation. Petroleum products kill fish food and cause decreased oxygen in the water.
Spawning areas can be destroyed by smothering with oils (Guide, 1992).
As there are many petroleum products and oils used on agricultural lands, there is the potential for
the release of these substances to the aquatic environment.

Metals
Metals may be released to surface water as a result of application of fertilizers or manure (Gaherty
et. al., 1996). A  number of variables will determine the toxicity of the release to aquatic
organisms: the metal released, the concentration and the pH of the water all play a part. Some
metals are extremely toxic while others have little effect. In chicken and pig manure, significant
concentrations of copper, zinc manganese and other metals may be found as they are added to
feed as micronutrients. Galvanized roofing on farm buildings may also cause runoff high in zinc,
which is highly toxic to aquatic life (Gaherty et. al., 1996).

As agricultural runoff may contain increased concentrations of certain pollutants that affect
fish, Environment Canada and Department of Fisheries and Oceans decided to conduct a
baseline sampling program during spring runoff. The objective of the sampling program was
to gather information on the water quality of specific streams during the spring runoff period,
and from that information, determine which areas may require a more comprehensive
sampling and inspection program.

3. S a m p l e  locations

Environment Canada and Department of Fisheries and Oceans conducted creek sampling in
the Bulkley Valley, between Smithers and Perow, near Houston B.0 The creeks that were
identified for sampling were in areas of high agricultural use and fisheries values. The
watersheds had a mixture of commercial cattle farms including feedlots, hobby farms and
rural residents. T h e  creeks and locations that were sampled are as follows:

-6-



Water Quality Sampling for the 2001 Spring Runoff in the Bulkley Valley

• Canyon Creek: off Snake Road in Smithers, downstream of a private bridge (Figure 1). Canyon
Creek supports rainbow trout/steelhead, dolly varden char, and coho salmon (Donal, 2001).

Figure 1. Canyon Creek sample location
• Deep Creek: at Wakefield Road in Quick, on downstream side of the bridge crossing (Figure 2).
Deep Creek supports rainbow trout/steelhead, cutthroat trout,dolly varden char, whitefish, cottus
sp., coho, chinook and pink salmon (Taylor, 1998; Tamblyn and Jessop, 2000).

Figure 2. Deep Creek sample location
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• Byman Creek: at Perow Station Road near Houston on the upstream side of the CNR bridge
(Figure 3). Coho and chinook salmon, and rainbow trout/steelhead can all be found in Byman
Creek (Donal, 2001)

Figure 3. Byman Creek sa

• Thompson Creek. Three sites:

ple location

Upper Thompson Creek: off  Seimens Road in Quick, on the upstream side of  the
culvert crossing (Figure 4).

Old Thompson Creek: at i  wy 16 culvert crossing on the upstream side (Figure 5).

Thompson Creek: off  Walcott Road in Quick, on the upstream side of the culvert
crossing (Figure 6).

Dolly varden, rainbow troutisteelhead, cutthroat trout, and coho salmon have been recorded
throughout Thompson Creek (Tarablyn and Jessop, 2000).

Smile
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Figure 4. Upper Thompson Creek sample location

Figure 5, Old Thompson Creek sampling location

J rn i le
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Figure 6. Thompson. Creek sample location

Sm le
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4. M e t h o d s

Grab samples were collected between April 3 and April 25, 2001, for the following
parameters: ammonia (NH3), nitrate (NO3), nitrite (NO2), phosphorous (Ortho-P), total
nitrogen, and fecal coliforms. F i e l d  parameters monitored included temperature, pH,
dissolved oxygen and conductivity. A n y  visual observations by sampling staff were also
recorded.

Nutrient samples were collected in 1 litre plastic containers, rinsed 3 times prior to sampling.
Fecal coliform samples were collected in 250 nil pre-washed plastic bottles supplied by the
laboratory.

All samples were placed in coolers and shipped on ice, on the day of collection. The samples
for fecal coliform were sent to Northern Labs in Prince Rupert. The remaining samples were
shipped to Pacific Environmental Labs in North Vancouver. I t  should be noted that one
sample was taken at each site during each of the specified dates, multiple samples were not
obtained on any creek during the same test day.

Due to the limitations of the program, possible contaminants such as metals, pesticides and
petroleum products were not assessed at this time.

5. A n a l y s i s

All nutrient analyses were completed by Pacific Environmental Science Center. Fecal
coliforms were analyzed by Northern Laboratories. B o t h  facilities followed standard
methods for analysis.

The pH, temperature, conductivity and dissolved oxygen were taken with a WTW multiline
P4 meter.

6. Results/Discussions

The spring runoff was unusual in 2001 as compared to previous years. D u e  to cool
temperatures, the runoff was slow and drawn out rather than a relatively quick spring flush.
Ice was present on the creeks when sampling began, and no sampling was possible on Upper
Thompson until the third week because of frozen conditions.

The creeks that were monitored in this project all discharge into the Bulkley River system.
As can be seen in Appendix II, the flows in the Bulkley River did not begin to increase until
the third week of April, and reached maximum levels in late June. This is later than normal,
as the river flows generally increase early April and peak in May/June. Based  on this
information, i t  is possible that the maximum creek flows occurred after the sampling
program was completed. The peak runoff during the sampling period appeared to be the
week of April 17, 2001.

Appendix III contains the raw data results.
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6.1. W a t e r  Quality Results Summary

a. Dissolved Oxygen
Throughout the sampling period, the dissolved oxygen remained high, wi th
concentrations above 10 mg/L for all sample sites but one. One April 17th, the
dissolved oxygen dropped to 8.8 mg/L on Old Thompson Creek (Figure 7). This may
indicate higher consumption of oxygen for biological activity or nitrification (changing
of ammonia to nitrite to nitrate). I f  the demand becomes too high, the oxygen may
decrease so that it becomes a fish health concern_

20 —

18

16

14

7-1
5'. 1 2

10

=

03-Apr 11-Apr
Date o f  sample

17-Apr

E2 Canyon Creek
E23Deep Creek

E 3  Byman Creek
El Upper Thompson Creek
®Old Thompson Creek
=Thompson Creek

25-Apr

Figure 7. Dissolved oxygen concentrations at six sample locations

b. pH
All samples taken were within the acceptable range for pH (Figure 8).

c. Temperature
As expected, water temperatures for Canyon, Byman, Deep and Upper Thompson
Creeks were found to be below 3 on all sample days (Figure 9). On April 3rd and 1 1 th
sampling days, ice was present on the creeks, and Upper Thompson Creek had not yet
started flowing. O l d  Thompson and Thompson Creek showed slightly elevated
temperatures, but still below any levels of concern for fisheries.
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03-Apr

03-Apr

11-Apr
Date o f  sample

17-Apr

Figure 8. pH readings at six sample locations

❑ate

®Canyon Creek
= D e e p  Creek
CIByman Creek
mUpper Thompson
0101d Thompson Creek

Thompson Creek
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01Canyon Creek
0  Deep Creek

Byman Creek
0  Upper Thompson Creek
®Old Thompson Creek
MIThompson Creek
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■ I  ■  ■  I  F i g u r e  9. Temperature (°C) at six sample locations
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d, Ammonia
As can be seen in Figure 10, some spikes in ammonia were found at three separate
locations. On April 3, Canyon Creek had a elevated ammonia level with concentration
of 0.155 mg/L, at Thompson Creek it was found to be as high as 0.211 mg/L and at
Upper Thompson the ammonia was 0.226 mg/L on the only day it was sampled.
When temperature and pH were taken into account for each of these samples, it was
found that the ammonia concentrations were below both the BC Environment
maximum concentration of total ammonia for the protection of aquatic life as well as
the average 30 day concentration for the protection of aquatic life.
However, the elevated concentrations at these locations indicate the there may be some
contaminants such as fertilizer or animal wastes entering the aquatic environment
during spring runoff period.

■  Canyon Creek
O Deep Creek

Byman Creek
El Upper Thompson
▪  Old Thomnpson Creek
Ig Thompson Creek

Figure 10. Total ammonia (mg/1.} at six sample locations

e. Ortho Phosphorus
The same samples that were determined to have elevated ammonia also contained
elevated phosphorus (Figure 11). This further suggests animal faeces as a contaminant
entering the surface waters.

Smile
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0.005

0.041
EICanyon Creek
E2 Deep Creek
niByman Creek

 F g  Upper Thompson Cree
ET Old Thompson Creek
=Thompson Creek

111

03-Apr 11-Apr
Date

17-Apr 25-Apr

Figure 11. Ortho-phosphorus concentration (mg/L) at six sample locations

NO2/NO3
Samples were analyzed for total NO2 and NO3 together and then NO2 separately. the NO2
was below detection in most cases and the rest of the results for it were very low (see
Appendix 2). Therefore, the concentrations graphed in Figure 12 are the NO2/NO3.
Canyon Creek samples had a consistently higher nitrate/nitrite concentration than any of the
other sample sites but were still well below the maximum criteria set for the protection of
aquatic life for nitrate. In addition, they were well below the maximum nitrite concentration
limit for human health concerns.

g. Fecal Coliforms
Fecal coliforms above 50/100m1 sample were found in 5 samples: 2  at Old Thompson
Creek, one at Upper Thompson Creek, one at Deep Creek and one at Canyon Creek
(Figure 13).
The two samples that were collected from Old Thompson Creek both showed
extremely elevated counts, well above the Canadian Water Quality Guidelines for
general livestock use (200 mg/L), as well as for recreational contact (200 mg/L) and
drinking water (0 mg/L). I t  is known that residents in the area use the creek water for

I I _  domestic purposes. Due to the elevated counts, this is a significant concern to human
health and safety.

S  t h e y  do indicate that feces are ecal coliforms have no direct impact on entering the surface water and these in turn cause impacts related to nutrient loading,fisheries, although

ammonia toxicity, decreased dissolved oxygen and increased temperature.

-15-



Water Quality Saraplingfortlie 2001 Spring Runoff in the Bulkley Valley 09/13/01

300

256

200

Coliform Unitsl100 rnl

El Canyon Creek
U  Deep Creek
DE Byman Creek
la Upper Thompson Creek
El Old Thompson Creek
U  Thompson Creek

Figure 12. Nitrate/Nitrite concentration (mg/L) at six sample locations

11-Apr
Date of sample

17-Apr

El Canyon Creek
el Deep Creek
CD Byman Creek
B Upper Thompson
IN Old Thompson
a  Thompson

25-Apr

Figure 13. Fecal Coliform concentration at six sample locations
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7. Conclusion

This basic sampling program for Spring 2001 did not find any indicators of agricultural
impacts on Byman Creek and it suggested that both Canyon and Deep Creek may have
minor impacts from agricultural runoff during the spring freshet. The  Thompson Creek
sampling identified possible concerns with agricultural runoff, as elevated nutrients and
fecals were present, along with slightly lower dissolved oxygen and increased temperatures
in Old Thompson Creek.

8. Recommendations

• Inspections should be completed along the Canyon, Thompson and Upper Thompson
Creek areas in order to look into possible fertilizer/faeces runoff issues.

• Complete a full scale, defensible sampling program on Thompson Creek for spring
runoff issues as this sampling indicates there may be some significant issues along this
water course.

• Complete a  similar sampling program i n  Spring 2002 fo r  comparison to 2001
concentrations.

• Determine major source(s) o f  fecal coliforms on Old Thompson Creek and ensure
remediation is completed to reduce contamination.

• Ensure residents in the area are aware o f  health concerns related to elevated fecal
coliforms in the water.

• Expand sampling to include pesticides, petroleum products and metals.
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9. References

Donas, B. Smithers Community Advisor, Department of Fisheries and Oceans. Personal communication,
June 2001.

Gaherty, W., G. Higginson, H. Timmenga and G. Johnstone. 1996. Review of Cattle-Community
Watershed Conflicts in the Skeena Region. March 1996. Prepared for BC Ministry of Environment.

(Guide,1992) BC Ministry of Agriculture and Food, 1992. Environmental Guidelines for Beef Cattle
Producers in British Columbia. 1992 Issue.

(MAFF Factsheet) BC Ministry of Agriculture and Food Factsheet, 1994. Water quality evaluation of
agricultural runoff in the lower Fraser valley. June 1994.

Remington, D. and B. Donas. Water Quality in Toboggan Creek watershed 1996-1998: are land use
activities affecting water quality and salmonid health? Prepared for Department of Fisheries and Oceans
and Community Futures Development Corporation of Nadina. March 1999.

R.C. Russo. Ammonia, Nitrite and Nitrate. Chapter 15.

Tamblyn, G. and M. Jessop. Detailed fish habitat, riparian and channel assessment for selected central
Bulkley River Tributaries. Prepared for Morice Salmonid Conservation Group do Community Futures
Development Corporation of Nadina. February 2000.

Taylor, J.A. 1998. Synoptic Surveys of Juvenile Coho Populations in Selected Lakes and Streams within
the Skeena River WAtershed, British Columbia, 1998. Prepared for the Department of Fisheries and
Oceans Northern Coho Studies Unit Pacific Biological Station, Nanaimo, B.C. Dec 1998.

(WQCN) BC Ministry of Environment , 1986. Water quality criteria for nitrogen (nitrate, nitrite and
ammonia). Water Managerment Division, BC Ministry of Environment, Lands and Parks.

(WQCDO) BC Ministry of Environment , 1997. Ambient water quality criteria for dissolved oxygen.
Water Management Branch, Envirrunent and Lands Headquarters, BC Ministry of Environment, Lands and
Parks.

(WQCNA) BC Ministry of Environment , 1985. Water quality criteria for nutrients and algae, 1985.
Resource Quality Section, Water Management Branch, BC Ministry of Environment, Lands and Parks.

Sm le
-18-



Water Quality Sampling for the 2001 Spring Runoff in the Bulkley Valley

Parameter Acceptaiile Leve10" ,  .%qmpacts I F ' '  1 ' Source -r, A  , ,

Dissolved
oxygen

5.5-9.5 mg/L CWQG Aquatic

„  ,  ,  iizs >girtg/L' (of watercourse)A.I -MAF-F Factsheet
5 mgi'L Aquatic (all life stages) WQCDO

!. i  r9
.,
g

9 naia Aquatic (buried embryo or
aelevin)

WQCDO

gala" NNW 6-5 to 9 ''1s CWQG Aquatic
6.0 to 8.5 Irrigation/Fisheries MAFF Factsheet

, . !
Temperature <15°C Fisheries MAFF Factshcet

Fecal Coliform 0/100 ml Raw drinking water (no
treatment)

WQCMI, CDWG,
BCMOH, MAFF
Factsheet

10/100 ml 90th
percentile

Raw drinking water (disinfeetion
only)

WQCMI

4 100/100 ml 90th
percentile

Raw drinking water (partial
treatment)

WQCMI

200/100 ml maximum Livestock (general livestock use) WQCMI

0/100 ml maximum Livestock (closely confined, no
treatment)

WQCMI

i ty  "  , t  Ihi" ,. ,If=t4Y.4.1Y, q  ? A n  - s
PerCeli p  1 ,  ,

LiveStock (closely confined,
.;',Iii§infection only)

WQCMI

.4. 100/100 ml 90th
percentile

Livestock (closely confined,
partial treatment)

WQCMI

4.200/100 ml geometric
mean

Irrigation (crops eaten raw) WQCMI

4 1000/100 ml geometric
mean

Irrigation (general. irrigation) WQCMI

100/100 ml Irrigation f i g   ',, ; I t CWQG.Agri
<100 CFU/cL to >200
CFU/cL

Irrigation MAFF Factsheet

.4 200/100 ml geometric
mean

Recreation (primary contact)7 i.-: r.; wcicov,ii1441.1f..);N:vot44.*
''', Y  ,  ', ro ,
- r . ,  ip .b. , '  XI

0/100 ml Industrial water (dairy, food
processing)

WQCMI

Nitrate 10 mg/L (max)0 Drinking water WQCN
200 igag, (nax) ' : ;11Pair '.  u # 0 0 1 i f e WQCN
>10 mg/L Fisheries MAFF Factsheet
4, 40!ing/1., (average*) Freshwater aquatic life WQCN

10. Appendices

10.1. Appendix 1 Table of Applicable Guidelines

Parameter A c c e p t a b l e  Levels I m p a c t s Source
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Nitrate
(cont'd)

100 mg/L (max) ° Livestock and wildlife watering WQCN, CWQG Agri

10mg/L (max) R e c r e a t i o n  and, aesthetics W Q C N .

Nitrite 1 mg/L, (max) Drinking water WQ
0.06 mg/L (max Fresh water aquatic Life WQCN, CWQG Aquatic
>1.OmgfL F i s h e r i e s  (other factor - chloride M A F F  Fact.slaeet

2 mg/L)
0.02 mg/L (average*) for F r e s h  water aquatic life
low chloride water

WQCN

10 mg/L (max) Livestock and wildlife watering W Q C N

Ammonia
1 mg/L (max)
Dependant onTemperature mid

Both maximum and 30
day levels

Recreation and aesthetics

Fresh water aquatic life

WQCN

WQCN

Levels that are likely a
concern 10 to 15 mg/L

*The average value is calculated from at least 5 weekly samples taken in a period of 30 days
`Where nitrate and nitrite are present, the total nitrate+nitrite nitrogen should not exceed these values

CDWG- Summary of Guideline for Canadian Drinking Water Quality (04/99)
CWQG Aquatic: Summary of Canadian Water Quality Guideline for the protection of Aquatic Life
CWQG Agri: Summary of Canadian water quality guideline for the protection of agricultural water uses
BCMOH: BC Ministry of Health
WQCN:. Water Quality Criteria for Nitrogen (Nitrate, Nitrite and Ammonia). (BC Ministry of
Environment, Lands and Parks)
WQCDO: Ambient Water Quality Criteria for Dissolved Oxygen (BC Ministry of Environment, Lands and
Parks)
WQCMI: Water Quality Criteria for Microbilogical Indicators (BC Ministry of Environment and Park)
MAFF Factsheet: Resource Management Factsheet (BC  Ministry of Agriculture and Food)
CFU= Colony forming unit

Sm le
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10.2. Appendix II Bulkely River at Quick - Water level at Station
08EE004

Bulkley River at Quick Water Level

1.8

1.6 --

1 . 4 -

12

1

0.6 —

0.2 —

LL
a

6  6  6  6 .  1 6

g
Date

4 . ' r i Z , ? 7 - 5 5 5 5 5
2  ,  7, ,k ,  ;
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Fecal DO Temp pH Cond NH3 No2 N021NO3 No3 N total Ortho-P

03-Apr < 2 13.4 0.7 8.17 209 < 0.005 < 0.002 0.124 0.124 0.25 < 0.001
11-Apr < 2 13.3 2.2 8 207 0.006 < 0.002 0.107 0.107 0.27 0.001
17-Apr 50 11.03 0.4 8.11 159 0.006 < 0.002 0.242 0.242 0.004
25-Apr 110

Fecal DO Temp pH Cond NH3 No2 NO2/NO3 No3 N total Ortho-P

03-Apr 2 12.1 0.5 173 0.011 < 0.002 0.117 0.117 0.27 0.001
11-Apr < 2 13.1 0.5 6.4 183 < 0.005 < 0.002 0.104 0.104 0.25 0.002
17-Apr 2 10.4 0.2 7.76 190 0.011 < 0.002 0.115 0.115 < 0.001
25-Apr

Fecal DO Temp pH Cond NH3 No2 NO2/NO3 No3 N total Ortho-P

03-Apr < 2 20 0.1 7A4 253 0.155 0.004 0.311 0.307 0.95 0.007
11-Apr < 2 14.8 2.3 8.01 148 0.007 0.002 0.26 0.258 0.56 0.003
17-Apr 80 12.1 0.7 7.94 170 0.009 0.002 0.267 0.265 < 0 . 0 0 1
25-Apr 8

Fecal DO Temp pH Cond NH3 No2 NO2/NO3 No3 N total Ortho-P

03-Apr
11-Apr
17-Apr 80 10.8 0.1 7.63 219 0.226 0.003 0.232 0.229 0.029
25-Apr

Fecal DO Temp pH Cond NH3 No2 NO2/NO3 No3 N total Ortho-P

03-Apr
11-Apr 240 11.2 5.6 7.64 216
17-Apr 900 8.8 4.4 7.39 234 0.082 0.003 0.036 0.033 0.015
25-Apr

Fecal DO Temp pH Cond NH3 No2 N021NO3 No3 N total Ortho-P

03-Apr 30 13.9 0.5 7.5 309 0.211 0.004 0.147 0.143 1.03 0.041
11-Apr 50 13.3 0.9 7.76 303 0.095 0.003 0.145 0.142 1 0.01
17-Apr 34 11.47 0.7 7.91 256 0.005 0.002 0.002 0 0.001
25-Apr 12.65 4.3 7.85 203

10.3. Appendix III Raw data

Deep Creek

Byman Creek

Canyon Creek

Upper Thompson Creek

Thompson Creek

Creek
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