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SUMMARY 

Aerial fertilization commenced on the Revelstoke Community Forest Corporations Tree Farm License 
on September 18th, 2020. Water quality monitoring was done on two unnamed S-6 streams on the TFL, 
for this project referred to as Coppermine and Keystone. Both streams run through or are adjacent to 
fertilization treatment areas. Due to the timing of fertilization a modified sampling schedule was 
developed which did not include pre-treatment sampling. Water quality sampling on the Coppermine 
stream was done immediately following fertilization treatment and then twice a week for three weeks 
and a conclusive sample four months post-treatment. Samples of the Keystone stream were taken once 
prior to treatment, immediately following fertilization and then twice a week for three weeks and a 
conclusive sample four months post-treatment. For both creeks, two samples were taken from above 
treatment areas during the first two visits for control samples. Samples were sent to ALS labs to 
determine levels of total ammonia (as N, Mg/L), nitrate (as N, Mg/L), and total nitrogen (Mg/L). Water 
temperature and pH were measured at the sites. 

Based on the results given by ALS, total ammonia levels in both the creeks had a minimal increase 
following fertilization but returned to undetectable levels within three weeks post-treatment. Nitrate and 
total nitrogen levels were slightly elevated following treatment but remained well below allowable limits 
and showed a decline in levels by the final tests. Water temperatures dropped almost consistently 
throughout the monitoring as the weather got colder, and pH stayed relatively consistent in both creeks. 
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INTRODUCTION 

An aerial fertilization project took place in the fall of 2020 on Louisiana Pacific’s Tree Farm Licence 
(TFL) 55 and Revelstoke Community Forest Corporations (RCFC) TFL 56 (Figure 1). The treatment 
took place on TFL 55 from Sept 10 -18th and on TFL 56 from September 18th to October 3rd, 2020. The 
fertilization treatment of both licenses was conducted by Western Aerial Applications Ltd. (WAA), a 
contractor from Chilliwack, British Columbia. While this was the first time fertilization had been broadly 
applied on the two TFL’s, WAA has years of previous experience conducting aerial fertilization 
applications across British Columbia and Alberta. 

 
Figure 1 Figure 1. Overview of TFL 55 and TFL 56 Location 
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  Combined, the project successfully treated 6066 hectares (ha) (3004ha on TFL 55 and 3062ha on TFL 
56). The fertilizer mix was a combination of forestry grade urea, and ammonium sulphate blend (35-0-
0-10.1S) applied at a rate of 564 kg/ha – (326.5 kg/ha urea and 237.5 kg/ha ammonium sulphate). This 
project was completed through the BC Forest Carbon Initiative, with the objective being to help mitigate 
the effects of climate change by increasing the carbon sequestration rate of BC’s forests by adding 
deficient nutrients that were known to be limited on these sites. This project was completed in accordance 
with British Columbia’s Fertilization Standards for Ministry funded programs (2015).   

Both TFL’s host rivers, an abundance of streams that are tributaries to Lake Revelstoke, a man-made 
reservoir lake which is part of the Columbia River system. Fertilization activities were not conducted 
around fish sensitive areas or community watersheds. Streams larger than S-6 were buffered out of 
treatment areas, and streams with water licences (one in the vicinity of treatment area). Weather 
conditions during the treatment of TFL 55 were warm and dry but began to deteriorate during the last 
few days and were generally cool with rain and fog during the TFL 56 project. The season leading up to 
treatment was mostly dry, and creeks were at their lowest point of the year since the spring freshet.    

Due to operation logistics and timing, water quality monitoring was not completed on TFL 55 thus; this 
report focuses on water quality monitoring conducted on two unnamed tributary S6 streams on TFL56 
(Coppermine and Keystone). Due to timing issues, a modified monitoring schedule took place which was 
not consistent with the Forest Fertilization Guidebook (1995). As stated in Appendix 4 of the guidebook, 
monitoring should take place pre-application for two weeks. However, there was not enough time to 
complete this step. The final test were conducted four months post-fertilization application  instead of 
the three months mandated in the guidelines. RCFC’s prescriptions for the project followed guidelines 
set out in the Fertilization guidebook for buffering streams and bodies of water. The monitoring was 
inducted to measure the amounts of total Ammonia (as N, Mg/L), total nitrogen (Mg/L) and nitrate (as 
N, Mg/L) to ensure that levels did not exceed the quality limits post-treatment. 

METHODOLOGY  

SAMPLE SITE LOCATIONS 

The two sites were chosen based on finding mid-sized streams that ran through or adjacent to fertilization 
treatment areas. Easy vehicular access to the test site and control site was also a factor in stream choice. 
One stream was selected up the Coppermine (upper) and Keystone (lower) areas (Figure 2). 
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Figure 2. Overview of TFL 56 and approximate location of the Coppermine (upper) and Keystone (lower) water quality test streams 

COPPERMINE 

The Coppermine, S-6 stream, chosen for water quality monitoring, flows through and by multiple 
treatment areas near the Coppermine Road before emptying into the Goldstream River. Two test sites 
were established on the Coppermine stream, one upstream above any treatment areas (Figure 3), and one 
downstream below treatment areas (Figure 4). The stream flows through 729-4 and 728-303 (not visible 
from the air, thus not buffered) and west of 728-8 and 728-202.  These areas were treated on the same 
day as the first samples were taken (above and downstream from the treatment area) (Figure 5 and 6). 
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Figure 4. Coppermine stream at test site downstream from fertilization treatment areas 

Figure 3. Coppermine stream at control test site, upstream from fertilization treatment areas 
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Figure 5.Coppermine (s-6) water quality monitoring stream, test and control site locations, and 2020 fertilization area 

 
Figure 6. Ortho photo of Coppermine area, stream, and location of control and test sites 
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KEYSTONE 

The Keystone S-6 stream chosen for water quality monitoring begins in the subalpine, eventually flowing 
down into the Revelstoke Reservoir Lake. This stream was not visible from the air and runs unbuffered 
through treatment areas 686-304 and 686-5A (Figure 7). The Keystone site was also chosen as there was 
still time to collect pre-treatment samples. Two sample sites were established on the Keystone stream, 
one above any fertilizer treatment areas (Figure 8), and the other established downstream of any affecting 
treatment areas (Figure 9 and 10).  

 
Figure 7. Keystone (s-6) water quality monitoring stream, test site and control site location and 2020 fertilization treatment 
areas 

 
Figure 8. Keystone stream at control test site upstream from fertilization area 



8 
 

 
Figure 9. Keystone stream at test site downstream from fertilization treatment area 

 

 
Figure 10. Ortho photo of Keystone, stream, and location of controls and test sites. 
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SAMPLING SCHEDULE 

Table 1 Schedule of water quality monitoring samples and fertilization treatment on areas affecting test streams 
Month Week Sun Mon Tues Wed Thurs Fri Sat 

Sept 
13-19th 

               
Sept 

20-26th 
Test#1     Test #2        

Sept 
20th     

Sept 
23rd       

 

Sept/Oct 
27-3rd 

  Test #3   Test#4        

  
Sept 
28th   

Sept 
30th       

 

Oct 4-10th   Test #5   Test #6        

  Oct 5th   Oct 7th        

Oct 
11-17th 

    Test#7   Test#8      

    Oct 13th   
Oct 
15th     

 

Jan/Feb 31-6th 

    

4-month 
post-

treatment 
test           

 

 
  = Date of fertilization treatment on areas affecting Coppermine test stream  

  = Date of fertilization treatment on areas affecting Keystone test stream  

 

 

SAMPLING METHODOLOGY 

Water sampling was done in accordance with the Forest Fertilization Guidebook (1995), though a 
modified schedule was established due to project timing. The Coppermine site was sampled the day of 
treatment, three days post-treatment, and then bi-weekly for three more weeks. Samples from the 
Keystone site were taken three days prior to treatment, immediately following treatment application, and 
then bi-weekly for three weeks following. Final samples on both streams were collected four months 
post-treatment. Control samples were taken from the Coppermine stream and the Keystone stream, 
upstream of fertilization activities. These samples were collected on September 20th and 23rd,2020. Test 
sites were established on each stream downstream from fertilization activities. A subsequent sample was 
taken on both streams at the test site four months following treatment . 
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SAMPLING MATERIAL 

ALS environmental labs in Burnaby provided most of the water sample materials. The lab provided the 
appropriate amount of sample bottles, coolers, icepacks, chain of custody forms, labels, packing material 
and sulfuric acid. Other materials, such as a colorimetric pH test kit and a digital thermometer, were 
obtained at a local hardware store.   

Each sample consisted of collecting two bottles, a glass bottle for testing nutrients, and a plastic bottle 
for testing metals. To preserve the water samples, sulfuric acid was added to the water in the glass bottles 
at the time of collection. Samples were collected at midstream, at mid-depth, as per the guidelines set out 
in the B.C. Field Sampling Manual, Part E: Water and Wastewater Sampling (2013). Water temperature 
and pH were measured at the site. The weather and daily the temperature were also recorded.  

Samples from the same week were kept cool by icepacks, packaging, and coolers. They were shipped to 
the lab together as soon as possible. At the lab, samples were tested for total ammonia (as N, Mg/L), 
nitrate (as N, Mg/L) and total nitrogen (Mg/L). 

 

 

 

 

 

 

 

 

 

 

 

 

 



11 
 

RESULTS 

COPPERMINE RESULTS 

Table 2 below summarizes the results produced by ALS analysis, and collected in the field for the 
Coppermine stream.  

Table 2. Results from ALS lab and at site measurements from the Coppermine stream 

Ammonia, Total (as N)Nitrogen, Total Nitrate (as N)mg/L pH pH Water Temp(⁰C) Weather Air Temp (⁰C)
Post Coppermine Test#1 2020-09-20 13:30 0.162 0.363 0.122 8 8 9.5 mix of sun and clouds with some precip 16

-          Treatment started on the blocks effecting the Coppermine area on September 19th 2020
-          Treatment areas effecting this water source are:

o   729-4- Stream goes through treatment area- fertilized September 19th2020
o   728-8- Treatment area is east of stream- fertilized September 19th 2020
o   728-303- Stream goes through treatment area- fertilized September 19th 2020
o   728-202- Treatment area is just east of stream- fertilized September 19th 2020

-          First samples taken for the control and test site were done on September 20th 2020, immediately following fertilizer treatment in the area
-          Unable to obtain samples pre-treatment from the Coppermine area
-          Control site was established upstream of any fertilizer treatment area
-          The Coppermine test site was established downstream of all fertilizer treatment areas that directly effect the stream to monitor long term effects

Post Coppermine Control #2 2020-09-23 12:00 <0.0050 0.054 0.0387 8 8 4.5 Raining 11
Post Coppermine Test #2 2020-09-23 12:30 0.0418 0.163 0.0805 8 7 8.9 Raining 11

-          Control#2 (above treatment area) and test #2 (below treatment area) were taken four days after fertilizer applications
-          The second sample of the control was done to have a better idea of nitrogen, total nitrate and ammonia on the stream, that is not influences by the treatment
-          Some rain on the day second tests were conducted on the control site and test site

Post Coppermine Test #3 2020-09-28 9:00 0.0064 0.12 0.0715 8 7 9 Overcast in the am and sun and clouds in the pm 11
-          Test #3 was taken nine days post treatment. There were periods of rain with high humidity and fog between test #2 and #3.

Post Coppermine Test #4 2020-09-30 12:30 <0.0050 0.088 0.0528 8 7 8.4 mix of sun and clouds, humid 16
-          Test #4 below treatment area was taken 11 days post treatment. Temperatures remain consistent. Weather stayed mostly overcast, rainy or high humidity.

Post Coppermine Test #5 2020-10-05 15:00 <0.0050 0.084 0.0362 8 7 8.6 Raining 11
-          Test #5 was taken 16 days post treatment. Temperatures dropped slightly, and  there was a fair amount of precip between test 4 and 5.

Post Coppermine Test #6 2020-10-07 9:00 0.0066 0.214 0.0482 8 8 8.6 Overcast with periods of rain 11
                   -          Taken 18 days post treatment, weather got warmer, but stayed wet with periods of rain.
Post Coppermine Test #7 2020-10-13 15:00 <0.0050 0.34 0.0747 8 7 5.5 Snowing and cold 1
Post Coppermine Test #8 2020-10-15 15:00 <0.0050 0.113 0.0551 8 7 4.7 Cloudy 4

-          Temperatures continued to drop in the to the last week of sampling
-          The last two samples were taken three weeks post treatment
-          A lot of precipitation over the third week of sampling, even some falling as snow

Post Coppermine 4 Month 2021-02-02 11:00 <0.0050 0.136 0.0614 8 8 1.1 Winter
         -         Three month post treatment test
         -         Winter, and snowy

Area Sample IDSample DateSample time
ALS analysis Measured at site Day time conditions during sampling

 

 

AMMONIA (as N/ Mg/L) 

Ammonia levels at the control site on the Coppermine stream (Figure 11) above the treatment areas had 
undetectable levels which means very little ammonia is in this stream regularly. Ammonia levels rose 
slightly immediately following treatment at the test site below fertilized area and dropped back to 
normal levels within a week. Ammonia levels in the Coppermine stream remain well below the 
approved acute and chronic limits determined by the look-up table below (Table 3).  
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Figure 11. The Coppermine streams total ammonia levels (as n, Mg/L) at the control and test site immediately following 
fertilization, biweekly for three weeks and four months post-treatment. 

Table 3. Acute and chronic thresholds for the Coppermine streams ammonia levels based on the stream’s average temperature 
and pH at the test site 

Coppermine
Average Temperature (⁰C) 7.1
Average pH 7.5
Acceptable short-term (acute) mg/L <=15
Acceptable long-term (chronic) mg/L <=1.9  

 

TOTAL NITROGEN (mg/L) 

The nitrogen levels in the Coppermine stream were the highest immediately following treatment 
(Figure 12). Nitrogen levels declined after the first test with an increase in the third week of sampling. 
The Coppermine streams nitrogen levels at the test site by the final test were still slightly elevated from 
the control test amounts, but significantly lower than immediately following treatment. 

 
Figure 12. The Coppermine streams total nitrogen amounts (Mg/L) measured at the control and test site immediately following 
treatment, biweekly for three weeks and four months post- treatment. 

  



13 
 

NITRATE (as N, Mg/L) 

The ALS lab results report that nitrate levels in the Coppermine stream (Figure 13) never exceeded 
0.12 Mg/L. There was a small increase in nitrate levels following fertilization application, with small 
incremental drops over time. Levels increased again slightly from October 5th to October 13th, which 
seem to coincide with total nitrogen levels. Nitrate levels remained consistent between the last test in 
September and the final test, four months post treatment.   

 
Figure 13. Coppermine’s nitrate levels (as N/Mg/L) measured at the control and test site immediately following treatment and 
then biweekly for three weeks following and four months post-treatment. 
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KEYSTONE RESULTS 

Table 4 below summarizes the results produced by ALS analysis, and collected in the field for the 
Keystone stream.  

Table 4. Results from ALS lab and at site measurements from the Keystone stream 

Ammonia, Total (as N) Nitrogen, Total Nitrate (as N)mg/L pH pH Water Temp(⁰C) Weather Air Temp (⁰C)

Pre KeystoneControl #1 2020-09-20 15:00 <0.0050 0.034 <0.0050 7.7 8 6.9 mix of sun and clouds with some precip 16
Pre Keystone Test #1 2020-09-20 15:30 <0.0050 0.044 0.0089 7.9 7 11.4 mix of sun and clouds with some precip 16

-          Treatment on the area effecting the Keystone sample creek started and completed on September 23rd

-          Test #1 was done September 20th, three days pre-treatment. A sample was taken at the control (above treatment areas) and one at the test site (below treatment areas)
-          The treatment areas effecting this water source are:

o   686-304- fertilized on September 23rd 2020
o   686-5A- fertilized on September 23rd 2020

-          The Keystone sample stream goes directly through the two treatment areas
Post KeystoneControl #2 2020-09-23 14:30 0.045 0.183 <0.0050 7.7 8 6.5 Raining 10
Post Keystone Test #2 2020-09-23 15:00 0.0064 0.067 0.0101 7.9 7 10.4 Raining 10

-          Test #2 was sampled on Sept 23rd 2020 the day of fertilizer treatment on areas effecting sample stream
o   During Test #2 another sample was taken upstream of the treatment areas as another control

-           It was raining during treatment and water sample collections
Post Keystone Test #3 2020-09-28 16:30 0.144 0.703 0.506 7.4 7 7.8 Overcast in the am, sun and clouds in the pm 11

-          Test #3 was sampled five days following treatment. There were no more samples from the control. From test #2 onward, samples were collected downstream from treatm  
-          Weather up to test #3 from treatment was wet and cool, and then got warmer and cleared up

Post Keystone Test #4 2020-09-30 16:30 0.0505 0.685 0.595 7.7 8 8.1 Clear and sunny 16
-          Test #4 was conducted a week following treatment.
-          Weather was wet up to this test and then got warmer and drier

Post Keystone Test #5 2020-10-05 16:00 0.0367 0.806 0.0353 7.8 8 9.6 cloudy and rainy 13
Post Keystone Test #6 2020-10-07 16:00 0.0166 0.748 0.642 7.8 7 10.2 Mix of sun and clouds 15

-          Tests #5 and #6 were collected in the second week post treatment
-          Test #5 was sampled 12 days post treatment
-          Test #6 was sampled 14 days post treatment

Post Keystone Test #7 2020-10-13 16:30 0.0079 0.402 0.31 7.7 8 6.3 Raining 2
Post Keystone Test #8 2020-10-15 16:30 <0.0050 0.348 0.282 7.7 8 5.9 Over cast 4

-          Temperatures continued to drop in the to the last week of sampling
-          The last two samples were taken three weeks post treatment
-          A lot of precipitation over the third week of sampling, even some falling as snow

Post Keystone 4 months 2021-02-02 16:30 <0.0050 0.175 0.0951 7.5 8 0.8 winter
         -         Three month post treatment test
         -         Winter, and snowy

Measured at site Day time conditions during sampling
Area Sample IDSample Date Sample time

ALS analysis

 
 

AMMONIA (as N. Mg/L) 

The Keystone stream (Figure14) detected a low amount of ammonia at the control.  Following 
treatment ammonia levels at the test site increased slightly. Ammonia levels remained well below the 
approved acute and chronic limits determined by the look-up table (Table 5). By the final 
measurement, the Keystones ammonia levels dropped to undetectable levels. 
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Figure 14 The Keystone streams total ammonia levels (as N, Mg/L) at the control and test site immediately following 
fertilization, biweekly for three weeks and then four-months post-fertilization. 

Table 5. Acute and chronic thresholds for ammonia levels in Keystone stream based on the average pH and water temperature 
at the test site. 

Keystone
Average Temperature (⁰C) 7.8
Average pH 7.6
Acceptable short-term (acute) mg/L <=11
Acceptable long-term (chronic) mg/ <=1.9  

 

TOTAL NITROGEN (Mg/L)  

Nitrogen levels were the highest following fertilization treatment (Figure 15). The levels stayed 
consistently elevated for four tests. Two weeks post-treatment levels began to decrease and by the third 
week nitrogen concentrations were roughly half of the maximum reached during the sampling period. 
The four-month post-treatment test levels continued to decline but were still above the levels detected 
in the control samples. 

 
Figure 65. The Keystone streams total nitrogen amounts (Mg/L measured at the control and test site three days prior to 
treatment, immediately following and then biweekly post-treatment 
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NITRATE (as N, Mg/L) 

The results from the ALS lab report that nitrate levels the Keystone stream (Figure 16) never exceed 
0.65 Mg/L. There was a small increase in nitrate levels following fertilization application, which 
dropped small amounts over time. Levels in the Keystone stream were a bit sporadic following 
treatment, with two elevated events, but remained well below acceptable levels. The final test levels 
continued to decline but were still slightly higher that the pre-treatment concentrations. 

 
Figure 16. The Keystone streams Nitrate levels (as N. Mg/L) measured at the control and test site three days prior to fertilization, 
immediately following, biweekly for three weeks post-treatment and then four months post treatment.  

 

DISCUSSION  

Although water quality sampling is recommended when a fertilization treatment has been applied in a 
Community watershed or fisheries-sensitive area, neither of which applies to this situation, monitoring 
was done on the TFL56 in two sites within treatment areas. Samples were taken to measure post-
treatment levels of total ammonia (as N/ Mg/L), total nitrogen (Mg/L), nitrate (as N, Mg/L), pH and 

water temperature (⁰C).  

 

TOTAL AMMONIA 

There is no threshold for acceptable levels of ammonia for drinking water. However, the Guideline 
Look-up table on the BC government website for Approved Water Quality Guidelines was used to 
assess the approved short-term and long-term limits of ammonia for the health of aquatic life in 
freshwater. The look-up table relates pH and water temperature to determine the allowable limits. An 
average of the Coppermine and Keystone streams pH measurements and water temperatures measured 
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at the test site (below treatment area) was used in determining the approved limits (Table 3 and 5). 
Ammonia levels in both streams did not exceed 0.2 Mg/L following treatment, which means both 
streams remained well below maximum allowable acute (11-15 Mg/L) and chronic levels (1.9 Mg/L) 
acceptable for aquatic life in freshwater.  On both streams levels returned back to undetectable levels 
within 10 to 20 days of treatment. 

 

NITRATE (An N, Mg/L) & NITROGEN (Mg/L) 

As stated in the Ministry of Forests, Lands and Natural Resource Operations (MFLNRO) Fertilization 
Standard for Ministry funded programs (2015), water quality limits allow for a concentration of 10ppm 
or 9.988 Mg/L of nitrate (as N) in-stream following treatment. The ALS lab reported that nitrate levels 
(as N), in both the Coppermine and Keystone streams (Figures 13 & 16), never exceeded 1Mg/L, 
which is well below the allowable amount of 10 Mg/L. 

There were variable levels of detectable nutrients in both streams post fertilizer treatment. The results 
saw similar nutrient levels that J.S Sanford & Associates Ltd (2018) found in the Lang Creek 
Watershed. On the TFL 56, nitrate and nitrogen levels initially increased post treatment and continued 
to decline over the testing period. All levels were well below the maximum allowable concentrations of 
ammonia and nitrate.  
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APPENDIX 

• ALS Lab test results 
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