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smart science solutions

July 4, 2005

Mr. Gene Kimbley

Prince Albert Model Forest
Suite 1, 1304 Central Avenue
Prince Albert, SK, S6V 4W3

Attention: Mr. Gene Kimbley

Re: 2004 /2005 Progress Report
Assessment of Ground and Surface Water Conditions in the
Prince Albert Model Forest Area
SRC Publication No. 11618-1E05

Dear Mr. Kimbley:

This is a progress report for the project entitled, “Assessment of Ground and Surface Water
Conditions in the Prince Albert Model Forest Area”. This project is being conducted jointly by
Saskatchewan Research Council (SRC) and the National Water Research Institute (NWRI) on
behalf of the Prince Albert Model Forest. The approximate area of interest for this investigation
1s shown on Figure 1.

The terms of reference for this project indicate that work will be undertaken to develop an
understanding in four areas:

Geological and hydrogeological framework;
Groundwater Availability and Sensitivity;
Ground and surface water interaction; and
Surface water sensitivity analyses.

The progress has been made in all of these four areas. This work has identified data gaps and
where possible, is addressing data gaps. Work has also begun on the final report for this project
that is due around December 2005. We have developed a draft table of contents for this final
report that is shown below as Figure 2.
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Figure 1: Study Area with Revised Study Boundary
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EXECUTIVE SUMMARY

1) INTRODUCTION
* Project statement and objectives
« Context (e.g. land uses)
* Regional specific hydrological cycle

2) STUDY AREA OVERVIEW (General map section)
* Human features: boundaries, roads, communities, etc.
= Natural: watersheds, vegetative cover, burns, wildlife, etc.
* Extensive land use: forestry, agriculture, water management

3) METHODS
* Hydrostratigraphic framework
* Groundwater availability and sensitivity
» Groundwater-surface water interaction
» Surface water sensitivity

4) HYDROSTRATIGRAPHIC FRAMEWORK
* Topographic (DEM)
* Surficial geology and Soils
* Geological cross sections

5) GROUNDWATER AVAILABILITY & SENSITIVITY
* Availability i.e. aquifers, etc. (spatial aspects)
= Sensitivity
- Quantity (spatial and temporal aspects)
- Quality (focused on summary parameters and if possible spatial based)

6) GROUNDWATER-SURFACE WATER INTERACTION
* Horizontal and vertical relationships
- Groundwater as “sources' from the geological perspective (i.e. ground up)
- Surface water relationships with groundwater (horizontal)

7) SURFACE WATER SENSITIVITY
*  Wetlands
= Rivers and lakes
* Climate relationships

8) LAND USE IMPLICATIONS
* Examination of the existing Land Cover

9) SUMMARY AND RECOMMENDATIONS

10) REFERENCES

Figure 2: Proposed Table of Contents for the Final Report
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The work conducted this year includes both continuations of on-going activities (e.g. water
sampling and building chemical database) and new activities (e.g. drilling of boreholes). The
activities conducted in fiscal year 2004-2005 are discussed below in terms of:

Continued Construction of the Geographic Information System (GIS)
Hydrostratigraphic Framework

Surface Water Sensitivity

Groundwater — Surface Water Interaction

Land Use Implications

Presentations

CONTINUED CONSTRUCTION OF THE GIS

Work is continuing on the construction of the GIS database. This work included building more
information or layers into this system.

Work on the incorporation of the 1:250,000 scale surficial geology information has been
completed. These surficial geology polygons have been merged from the four 1:250,000 map
sheets to cover the study area. It was then found that these data had to be simplified to be
useable for this project. This simplification was conducted by looking at the dominant
classification of each description. The simplified surficial geology was included in the GIS
database as a separate layer.

Other data layers discussed below are also have either been added or are in the process of being
added.

HYDROSTRATIGRPAHIC FRAMEWORK

The hydrostratigraphic framework describes the geological controls on the movement and
storage of groundwater in the subsurface. The activities conducted this year on this aspect of the
project can be discussed in the following terms:

- Subsurface geological/hydrogeological mapping;
- Investigation of high calcium soils; and
- Surficial geology.

Subsurface Geological/Hydrogeological Mapping

As indicated in previous progress reports, borehole records with geophysical logs for the area
bounded by 51-15-W2 to 68-10-W3 were collected from Saskatchewan Watershed Authority
(SWA) and SRC files, and these are being used in order to develop an understanding of the
hydrostratigraphy in the area.
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To further understand the shallow geology and hydrogeological in two areas, on November 17
and 18, 2005, five boreholes were completed using the University of Saskatchewan, B10 Mobil
Drill. This drill rig is an auger type drill rig and is equipped with 6-inch solid stem continuous
flight augers.

Two boreholes were drilled northwest of Candle Lake in the Hanon Creek watershed and three
boreholes were drilled in the Garden River watershed. The borehole logs for these boreholes are
attached as Appendix A.

The final depths of these boreholes ranged from 5.8-8.5 metres below ground surface (19-28
feet). All holes were logged, and piezometers were installed in the two boreholes northwest of
Candle Lake (PA04-1 and PA04-2).

Water levels in these piezometers have been measured on several occasions and they were
developed and sampled. These water samples were submitted for analyses at the NWRI.

Investigation of High Calcium Soils

Recent scientific interest in and political awareness of climate change has lead to greater
attention being paid to the effect of current and predicted climate change on soils. This portion
of the study examined the processes under which soils with high calcium carbonate levels were
formed, specifically the transitional grassland-forest and forest regions of Saskatchewan,
Canada. As well, the landscape and groundwater factors that control the rates of these processes
were also examined. This investigation was led by M.E. Wismer, D.J. Pennock, and G. van der
Kamp and looked at the Garden River Sub-watershed area.

This investigation involved the collection and analyses of soil samples, electrical conductivity
measurements, submitting samples for laboratory analyses and incorporating these results into
the GIS.

Soil samples were taken from 11 sites in the Garden River watershed and PAMF area. Soil
profiles were described and classified. A bulk C-horizon sample was collected for surface
geology classification. A drill truck was used to examine the geology of three selected sites.
Soil textures were examined on the bottom 10-cm of sample, the top of the C-horizon, and, if
present, the middle of the B horizon. Sedimentation experiments were also preformed on
selected samples taken at the top of the C-horizon, and, where present, from the middle of the B
horizon.

Samples were submitted for the analyses of both the carbon content (total and organic Carbon)
and naturally occurring isotopes of carbon (C") at the Department of Soil Science, University of
Saskatchewan. In addition, electrical conductivity (EC) of the surface water was measured at
twenty points along the Garden River.

Surficial Geology
As previously indicated, the work on the incorporation of the surficial geology information into
the GIS is complete. The study team has also been checking the reported surficial geology using
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shovel pits and field examinations. This field checking has been conducted mainly in: (1) the
Hanon Creek watershed, to investigate anomalous base-flow conditions in this creek and (2) the
Garden River watershed to investigate the high calcium soils in the area.

This surficial geological information is also being combined with the subsurface information for
the study area that was obtained from boreholes in the area. It is hoped that the surficial
geological information when combined with the subsurface information will provide further
insight into the hydrostratigraphic framework in the area.

SURFACE WATER SENSITIVITY

Estimating the groundwater component of surface water is the first step in developing an
understanding of surface water sensitivity and the surface — groundwater interaction. As
indicated, we are looking at both water quality (surface and ground water), groundwater flow
into selected lakes, lake levels, aquifer testing data and also at the base flows from watershed
within the study area. These data are being analyzed to estimate the role of groundwater in
maintaining the surface water flow regime.

Surface and ground water sampling and the development of a chemical database for different
sources of water (i.e. streams/rivers, fens/wetlands, lakes and groundwater) are important on-
going activities of this project. These chemical analyses are being combined with both surface
water flow and groundwater recharge observations made over the last couple of years in order to
develop an understanding of the surface water sensitivity to climate change.

As indicated last year, during the recent severe drought which this area experienced in 2001-
2003, surface water sampling was conducted throughout the area. This drought may have been
the most severe drought in this area in the last 100 years. During last year’s activities, the project
team performed additional monitoring of this extreme event of streams and rivers in the fall
when surface flows are at their lowest. Figure 3 shows an example of this drought and the
recovery in 2004.
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Figure 3: Whitegull Creek Annual Flows (mm/year)

This sampling was followed up with a smaller follow-up sampling of selected locations to
observe the temporal differences in water quality between drought and normal conditions. The
preliminary results from this sampling suggest that the surficial geology has an important role in
controlling the amount of base flow in streams and rivers.

In addition, the project team has also monitored the water levels in isolated lakes in the study
area since November 2003. These measurements are being collected in order to estimate the

amount of groundwater recharge into these lakes over the winter. These data are presently being
analyzed.

Surface Water Modeling

These aspects are an expansion of the benchmark models reported on above. Currently, we are
formulating criteria in four areas which can affect and be affected by water relationships:
forestry and fire management, afforestation and deforestation, wildlife habitat vulnerability, and
water management. Initial investigations suggest that existing data which will be sufficient for
defining variables in the latter three areas. Data probably exist with respect to forestry and fire
management — we hope to obtain data in this area by fall 2005.

GROUNDWATER-SURFACE WATER INTERACTION
Surface Water Relationships

This work initially focuses on horizontal surface flows at the landscape level, including the
relative influence of groundwater on hydraulic indices such as discharge from watersheds.
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Major tasks this year have been intermediate steps in the construction of an empirical benchmark
model to predict flows based on natural features such as precipitation, surficial geology,
landform types, and topography. Some areal precipitation values have been received and the
remainder will be ready by early fall 2005. Surficial geology data have been collated and the
indices will be calculated once we have finished the development of a “transfer function™ and
reviewed the 1:250,000 presentations under preparation by PFRA. Interpretation and analyses of
topographic information have been completed and we are starting on the collation of elevation
data and calculation of the topographic indices.

Potential data sources with respect to model validation and the determination of model
sensitivity are still uncertain. Ideally, validation will be carried out through the examination of
data subsets while sensitivity will be investigated by way of the variation in regression
parameters. Field work in 2004 was decreased, but continued with respect to confirming
subwatershed boundaries in the context above, especially given the rapid recovery of surface
systems following the end of the 2002/2003 drought. The requirement for boundary
confirmation developed when it became apparent that knowledge of many boundaries (e.g. Toyra
and Pietroniro 2003), maybe erroneous, poorly represented or missing.

The landscape-flow model will be compared with a parallel empirical chemical-constituents
model, based on major ions and stable isotopes as dependent variables, or indicators of
metasystem connectivity. The final dataset will be complete when all the 2003 and 2004 water
sample data have been received.

Lakes as metasystem storage components are under investigation by way of changes in water
levels in relation to landscape variables in the basic benchmark model. A preliminary assessment
of historical water level data for selected lakes has been undertaken; additional lakes will be
included in the final analysis in fall 2005. Water levels for Waskesiu Lake were monitored over
the summer of 2004 to assess the rate of change following the low water period through 2003
and 2004. Figure 4 shows the changes in the relative water levels for three lakes in the study
area.
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Figure 4: Relative Water Levels for Waskesiu, Montreal and Candle Lakes

The Waskesiu River discharge more than doubled in just ten days at the beginning of August
2004 (Figure 5), suggesting an immediate hydraulic response to increased precipitation in the
area. We are currently collating data for the characteristics of all lakes in the model watersheds,
and will determine the limits of “resolution” of the model with respect to lake size before
finalizing the database. Wetlands in the model watersheds will undergo similar evaluation.
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Figure 5: Waskesiu River discharge during August 2004 (measured at Highway 264, across the
outlet from Waskesiu Lake)

LAND USE IMPLICATIONS

As previously indicated, we are actively trying to integrate land use factors into the ground —
surface water framework. We are combining the digital land cover with the surficial geology
and field observations in order to assess the relationship between dominant tree cover and soil
types. We are attempting to integrate the land cover information with our hydrostratigraphic
understanding in order to assess whether combining these data can shed further light on the
groundwater — surface water interactions either regionally and/or locally (where our control is
better).

PRESENTATIONS

Since the last progress report, two presentations on the results or about this project have been
made. These two presentations were:

Judd-Henrey, I. Garth van der Kamp and Guy Melville, 2004. Surface — Ground Water
Interaction in the Prince Albert Model Forest Area. Presented to Canadian Society of Civil
Engineers conference, Saskatoon, June 3, 2004.

Van der Kamp, Garth, 1. Judd-Henrey, 2005. An overview of the hydrology and Hydrogeology
of the PAMF-BERMs area. Lecture presented at the Fluxnet Canada short course, Waskesiu, SK,
May 8-17.
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In both of these talks the support of the PAMF was recognized.

Two members of our study team (Guy Melville and Garth van der Kamp) also participated in the
model forest workshop that was held in Prince Albert on January 10, 2005.

CONCLUSIONS AND RECOMMENDATIONS

Progress has been made on developing the baseline surface and groundwater conditions at the
ecosystem level in the PAMF area, and discussing these conditions with respect to the interests
of the PAMF partners.

This concludes the third phase of this multi-year project. To complete the activities outlined in
our original proposal for the final year of the project (2005/2006), additional funding will be
required. At this time, we anticipate to complete the tasks outlined in this proposal for the fiscal
year 2005-2006 a total contribution of $48,000 (plus GST) will be required from PAMF. The
proposed budget for fiscal year 2005/2006 is as follows:

Prince Albert Model Forest Contribution $ 48,000
SRC and Others Contribution $ 16,800
NWRYI/ Environment Canada Contribution $21,200
Total Proposed FY 2005-2006 Budget $ 86,000

The proposed tasks to be completed in fiscal year 2005-2006 are mainly around the on-going
data analyses and reporting:

e Completion of the GIS data base including land-cover information.

e Trying to integrate the geological cross sections with surficial geological mapping and
land cover

e Agquifer mapping and boundary identification
e Surface water sensitivity assessment
e Reporting

Thank you very much for the opportunity to work on this interesting project. If you have any
questions or concerns, please contact the undersigned at (306) 933-6711.

Respectively Submitted, Aw { aﬁm
" R
/ ol z%/lg fmr % ~
lap'Judd-Henrey Guy Melville /,’l Garth van der Kamp
SRC SRC NWRI

GA\Current_Projects\PA_ModeNCorrespondence\Progress_reports\PAMF -Progressreport-2005drafi4.doc

Assessment of Ground and Surface Water Conditions in the PAMF Page 11
Progress Report April 2005, SRC Publication No. 11618-1E05



smart science solutions

ATTACHMENT A

BOREHOLE LOGS
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Project:

Date Drilled / Completed:
| Drilling Company:
. Driling Method: - Drill truck
- Well Completion/Supervision: _ Garth van der Kamp
I Depth (m) Lithology

PAMF
11/17/04
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. Medium sand with pebbles - dry

Moister - capilary table

8 — Water table - sand

10

PA04-2

NWRI/SRC |
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Project: PAMF | Location (legal):
Date Drilled / Completed: 11/18/04 | Location (UTM): 465512 5921916
Drilling Company: NWRI/SRC = Surface Elevation: N/A m
Drilling Method: Drill truck | Top of Casing: N/A m
Well Completion/Supervision: __Garth van der Kamp  Depth Drilled: _ 762 m
Depth (m) Lithology _ . Well Completion
0 0
Organic material
1 1
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Silty clay - some rocks at 11 ft

3 3

4 —| Clay i

5 Silt and sand - water brought up at 18 ft Fzz 5
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Till - sand lens at 21 ft

7 7

8 8

9 9
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