
 No. 2024-02 

 
W A T E R  S C I E N C E  S E R I E S 

Fort Nelson Aquifer Mapping and Hydrostratigraphic 
Characterization 

Tibor Lengyel, Judit Deri-Takacs, and Andrew Hinnell 

 

March 2024 
 

 

   



http://www2.gov.bc.ca/gov/content/environment/air-land-water/water/water-science-data/water-science-series
http://www2.gov.bc.ca/gov/content/environment/air-land-water/water/water-science-data/water-science-series


W A T E R  S C I E N C E  S E R I E S  N o .  2 0 24- 02  ii 
 

EXECUTIVE SUMMARY 

The Province of British Columbia retained Worley Canada Services Ltd., operating as Worley Consulting, 
to conduct aquifer mapping near Fort Nelson (the Study Area). The purpose of the aquifer mapping 
study was to review and update the mapped aquifer boundaries and identify previously unmapped 
aquifers to support the management of groundwater resources. 

To meet these goals, a database of available information was compiled. The database includes water 
well records, bedrock and surficial geology maps, topography information, surface water bodies, and 
spring locations. Geology data were captured using key lithology terms to support subsurface 
interpretation. A map illustrating updated aquifer mapping locations and one geological cross-section 
were prepared for the Study Area. Interpretation relied on the conceptual model developed by Levson 
et al. (2018). 

Previously, four aquifers were identified within or near the Study Area. The extents of three aquifers 
were adjusted by expanding them to interpreted physical and hydraulic boundaries (1034, 1040, and 
1041). The study also identified an additional bedrock aquifer (1291) and three additional overburden 
aquifers (1288, 1289, and 1290). Overburden Aquifer 1035 was retired and superseded by Aquifer 1041. 
Aquifer updates used regional-scale physical and hydraulic boundaries (e.g., groundwater divides, 
streamlines, and surface water bodies) to delineate aquifers and to support water management efforts. 
Mapped aquifers may extend beyond areas where registered wells currently exist; therefore, there is 
uncertainty in aquifer boundaries and properties, particularly at distance from areas of development. 

The vulnerability of the mapped aquifers has been assessed as high (1041, 1288, 1289, and 1290), 
moderate/high (1034, 1291), and low (1040; Table A). 

Aquifers 1034, 1041, 1289, 1290, and 1291 likely extend beyond the Study Area, while Aquifer 1040 
likely extends beyond its current limits. The descriptions provided here are based on information 
reviewed within the Study Area. Worley Consulting recommends that the aquifer mapping be extended 
to allow for a more rigorous mapping of these new aquifers beyond the Study Area. 
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If screen interval data were not available in GWELLS, the well screen was assumed to be at the bottom 
of the well and assigned to the corresponding lithology. 

2.2.5 Geologic Cross-Section 

One cross-section was prepared to improve understanding of the subsurface geology in the Study 
Area. The cross-section location was selected to understand potential buried paleo-valley and vertical 
aquifer extents and to investigate potential surface water/groundwater interactions. 

Standardized lithologic units were grouped and included in the cross-section to interpret 
hydrogeologic units (HGUs). HGUs were identified based on inferred permeability and depositional 
environment (e.g., fluvial, glaciofluvial, glacial, glacial [sand and gravel]). 

2.2.6 Aquifer Mapping Approach 

Aquifers were delineated using physical and hydraulic boundaries where possible (e.g., geologic 
contacts, major surface water bodies, and groundwater divides or streamlines). Mapped aquifers may 
extend beyond, or include areas, where there are no registered wells. Aquifers may also exist outside 
of mapping extents where information is limited. Therefore, there is some uncertainty in aquifer 
boundaries and properties, particularly for confined and bedrock aquifers. 

Geological boundaries as potential aquifer boundaries were reviewed; however, consistent with 
Berardinucci and Ronneseth (2002), they were not used to delineate boundaries due to observations 
indicating that secondary, fracture-generated porosity and permeability is dominant in the Study Area, 
which included: 

�x No apparent correlations between geological units and well yields (e.g., the following wells 
installed in the shale of the Buckinghorse Formation have a higher yield than expected in 
shale: 2.6 L/s at Well Tag Number [WTN] 102692, 2.3 L/s at WTN 95424 in); and 

�x Large variation of well yields over short distances (e.g., relatively large variation in yield 
between WTN 95427 and WTN 95424 [0.8 and 2.3 L/s, respectively] over a short lateral 
distance [approximately 160 m]). While well yields are also a function of well construction 
(e.g., diameter, depth, screened length), normalizing well yield for these factors was beyond 
the scope of the current study. 

Mapping of bedrock aquifers was primarily based on hydraulic boundaries. As such, surface water 
licensing watershed boundaries and inferred groundwater divides were used as aquifer boundaries. 
Major geographical features (e.g., the Fort Nelson and Muskwa rivers) were also used to separate flow 
systems. 

Overburden aquifers were delineated based on an understanding of the glacial history of the area as 
well as topography, surficial geology mapping, and water licensing watershed boundaries. Water 
licensing watershed boundaries were used as an approximation of groundwater flow system 
boundaries. Groundwater in aquifers separated by water licensing watershed boundaries are part of 
the same geological unit and thus are expected to be hydraulically connected but have different 
natural flow directions. Production of large volumes of water near the boundaries of the mapped 
aquifer may result in hydraulic influence to the adjacent (connected) aquifer. These boundaries are 
considered uncertain. The overburden aquifers are typically associated with heterogeneous glacial 
deposits with uncertainty in the lateral and vertical extent of permeable units and recent alluvial 
sediments comprised of alluvial floodplain, blanket, fan, and fluvial terrace deposits. 

Existing aquifer mapping reports have been reviewed, with relevant information incorporated into 
mapping report templates provided by the Province. 
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Aquifer attributes were assigned using statistics calculated for wells correlated to an aquifer based on 
location and screen material. Wells with no lithology information or unknown screen material were 
not assigned to a specific aquifer. Wells with lithologic information may not be correlated to mapped 
aquifers due to interval errors, a lack of screen information, or material descriptions that could not be 
standardized using automated methods or during manual reviews as part of quality assurance/quality 
control. This may result in some wells that were previously assigned to an aquifer not being assigned 
to the current mapped aquifers due to missing information in the well records. Wells with no lithology 
information that had an available aquifer designation from the licence (i.e., bedrock or 
unconsolidated) were assigned to new aquifers following the aquifer material identified in the licence. 

Vulnerability of aquifers to surface contamination was assessed based on the thickness and extent of 
geologic materials above the aquifer, their depth to the water table (or top of the confined aquifer), 
and the type of aquifer material. 

3. GEOLOGY 

A basic summary of the expected geological model is presented based on the geological model 
presented by Lengyel et al. (2023) for northeast B.C., updated with local information from Levson et 
al. (2018), Levson and Fournier (2012), Trommelen et al. (2005), and Trommelen and Levson (2011). 
The reader is referred to these references for a more detailed review of the geology of the Study Area. 

3.1 Bedrock Geology 
The Fort Nelson Study Area is located about 60 km northeast of the Rocky Mountain Foothills in the 
Interior Plains physiographic region. The Interior Plains in B.C. form the western edge of the Western 
Canada Sedimentary Basin (WCSB) and include some of the thickest (over 3 km) Phanerozoic 
sedimentary rocks within the basin (Wright et al. 1994). 

The Lower Cretaceous Sikanni and Buckinghorse formations of the Fort St. John Group form bedrock 
in the Study Area. The Buckinghorse Formation consists of silty shales with minor sandstone (Cui et al. 
2019; Trommelen et al. 2005). The Sikanni Formation overlies the Buckinghorse Formation and 
consists of up to eleven sandstone units separated by silty shales (Cui et al. 2019; Trommelen et al. 
2005). 

No major faults are reported in bedrock within the Study Area. However, major faults are present 
within the Rocky Mountain Foothills nearby; thus, bedrock in the Study Area, which has been uplifted 
since deposition, is likely fractured. Fractured bedrock has been described in several wells. 

3.2 Quaternary Geology 
The Study Area can be divided into three distinct regions based on the observed elevations (Figure 1) 
and surficial deposits (Levson and Fournier 2012): 

�x Uplands (approximately above 400 m) often associated with till blankets (few to several 
metres thick); 

�x A broad, flat-lying valley (in the range of 350 to 400 m) along the Muskwa and the lower 
reaches of the Fort Nelson rivers often associated with undifferentiated glaciolacustrine and 
organic deposits; and 

�x Incised river valleys (approximately below 350 m) of the Muskwa, Fort Nelson, and Prophet 
rivers covered by recent alluvial sediments of various types. 
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4. HYDROGEOLOGY 

4.1 Conceptual Model of Hydrogeology 
The conceptual model described by Levson et al. (2018) and Lengyel et al. (2023) was adopted for the 
current study. Based on recent aquifer mapping studies in northeast B.C. (Lengyel et al. 2022 and 
2023), regionally significant aquifers are expected to be generally associated with the following units: 

�x the fractured bedrock (e.g., Lower Cretaceous Sikanni and Buckinghorse formations); 
�x the Middle to Late Wisconsinan fluvial gravel deposits; 
�x glaciofluvial and deltaic gravels deposited on river terraces near the end of the Pleistocene; 

and 
�x fluvial gravel and sand associated with modern rivers. 

Regionally, smaller-scale aquifers have also been observed in hydraulic connection with the above 
units, including the Early Wisconsinan or older fluvial sand and gravel deposit and the fine to medium 
grained sand at the base of the Late Wisconsinan ice-advance glaciolacustrine sediments. 
Smaller-scale aquifers separated from the regionally significant aquifers, like discontinuous sand 
lenses within the till or glaciolacustrine sediments, have also been observed. 

4.2 Bedrock Aquifers 
Bedrock Aquifer 1034 in the Study Area has been previously delineated based on areas of well 
development, topography, and drainage features. 

Bedrock aquifer extents have been revised in the current study by extending the aquifer beyond areas 
with known well installations based on mapped and interpreted geological and hydrogeological 
conditions. Aquifer boundaries delineated within the Fort St. John Group (Sikanni and Buckinghorse 
formations) follow major water bodies (deemed significant enough to impact bedrock groundwater 
flow) and watershed boundaries (based on inferred alignments between surface water and 
groundwater flow systems). No geological boundaries preventing flow between the Sikanni and 
Buckinghorse formations are known; connectivity between these units should be expected. 

The extents of the existing Cridland Creek Bedrock Aquifer (1034)1 were revised as part of the current 
study, and a new bedrock aquifer, the Pouce Creek Bedrock Aquifer (1291), was mapped. 

Details for each aquifer are provided in aquifer mapping reports (Appendix A). 

The extent of Aquifer 1034 was adjusted based on inferred groundwater flow systems (represented by 
water licensing watershed boundaries) and surface water bodies (Figure 1). Aquifer 1034 
encompasses the northern portion of the previously delineated Aquifer 1034. Aquifer 1034 extends to 
Cridland Creek in the north, the Fort Nelson River in the east, and the water licensing watershed 
boundary in the west and south. 

Aquifer 1291 is a newly delineated aquifer. It encompasses the southern portion of the previously 
delineated Aquifer 1034, and the two mapped aquifers are separated by an assumed groundwater 
flow divide. Connectivity between the aquifers is expected. Aquifer 1291 is bound by watershed 
boundaries in the north, the Muskwa River in the east, and Pouce Creek in the south and west. 

There is one active bedrock provincial observation well within the Study Area: 

 
1 Aquifer was not previously named. Aquifer names are assigned in this study for ease of reference and may not 
be reflective of initial location. 
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5. DATA GAPS AND UNCERTAINTY 

Mapped aquifers extend beyond areas with registered wells; therefore, there is uncertainty in aquifer 
boundaries, properties, and interpreted water levels. Specific areas of uncertainty are highlighted in the 
individual aquifer mapping reports (Appendix A). Areas with uncertainties due to data gaps include: 

�x The horizontal extent of Aquifer 1040. 
�x The horizontal and vertical extent of coarse-grained material (sand and gravel) in Aquifers 1041, 

1289, and 1290, as alluvial deposits comprise of fine-grained sediments, such as silt and clay 
interspersed with coarse-grained material. 

�x Potential aquifers in alluvial sediments of the tributaries of the Fort Nelson, Muskwa, and 
Prophet rivers. 

�x Potential confined unconsolidated aquifer northwest of Fort Nelson in the northern central part 
of the Study Area indicated by presence of intra-till coarse-grained units in the lithology (e.g., 
WTN 102689). 

�x Potential confined unconsolidated aquifer near the western boundary of the Study Area 
indicated by presence of wells with high yield and coarse-grained units in lithology (e.g., WTN 
109973, WTN 109974, and WTN 109978). 

�x Potential bedrock aquifer in the southern part of the Study Area. The bedrock in the southern 
Study Area is expected to contain additional aquifer(s); however, due to insufficient data, 
further aquifers in the area could not be delineated. Further study is required to assess the 
presence and extent of aquifers in this area. 

Uncertainties in surface water/groundwater interactions follow from limited information on local 
variations in the hydraulic conductivity of streambed sediments and underlying geology. 

6. CONCLUSIONS AND RECOMMENDATIONS 

Seven aquifers were mapped in the Fort Nelson Study Area (two bedrock and five overburden aquifers). 
One aquifer (1035) was retired. Mapped aquifers are summarized in Table B below. 

Table B: Summary of mapped aquifers. 

Aquifer Name Recommended Action 
1034 Revised extent 
1035 Retired aquifer 
1040 Revised extent, updated description 
1041 Revised extent 
1288 Introduced as new aquifer 
1289 Introduced as new aquifer 
1290 Introduced as new aquifer 
1291 Introduced as new aquifer 

As various observations (see Section 2.2.6) indicated that secondary fracture generated porosity and 
permeability is dominant in the Study Area, aquifers in the Fort St. John Group (Sikanni and 
Buckinghorse formations [1034 and 1291]) were inferred to be part of the same 
geological/hydrostratigraphical unit. These aquifers were separated along groundwater divides.  
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Current provincial systems do not allow for the handling of aquifer management units representing 
portions of a large continuous aquifer, only separate aquifers. As the development of groundwater 
resources near groundwater divides may require an assessment of groundwater resources on both sides 
of a divide, it is recommended that current provincial systems be revised for handling aquifer 
management units within aquifers. 

Aquifers 1034, 1041, 1289, 1290, and 1291 extend beyond the Study Area. It is recommended that data 
outside of the Study Area boundary be reviewed to assess the full extent of these aquifers. 

The vulnerability of the mapped aquifers has been assessed as low (1040), moderate/high (1034 and 
1291), and high (1041, 1288, 1289, and 1290). 

There are three active bedrock provincial observation wells within the Study Area, one in Aquifer 1034, 
one in Aquifer 1040, and one in Aquifer 1041. 

Recommendations to advance understanding of hydrogeological conditions in the Study Area include 
the following: 

�x Refine the extent of Aquifer 1041, 1289, and 1290 by conducting aquifer mapping studies north, 
south, and west of the Study Area. 

�x Conduct detailed geological mapping to delineate the extent of paleo valleys in the Study Area. 
�x Expand the provincial observation monitoring well network to determine the presence/extent of 

potential bedrock aquifers in the southern Study Area. 
�x Expand the provincial observation monitoring well network in the northern central part of the 

Study Area to determine the extent of a potential unconsolidated aquifer near Fort Nelson. 
�x Expand the provincial observation monitoring well network in areas of high-productivity wells 

with coarse-grained units in lithology to determine the extent of potential unconsolidated 
aquifers near the western boundary of the Study Area. 

�x Expand the provincial observation monitoring well network to include nested/clustered wells in 
the bedrock to facilitate understanding regional groundwater flow. 

�x Update the extent of alluvial aquifers upon completing digitization of surficial geological 
information for the study area. 
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DISCLAIMER 

The information presented in this document was compiled and interpreted exclusively for the 
purposes of aquifer mapping and hydrostratigraphic characterization. Worley Canada Services Ltd., 
operating as Worley Consulting, provided this report for the Province of British Columbia solely for 
the purpose noted above. 

Worley Consulting has exercised reasonable skill, care, and diligence to assess the information 
acquired during the preparation of this report but makes no guarantees or warranties as to the 
accuracy or completeness of this information. The information contained in this report is based upon, 
and limited by, the circumstances and conditions acknowledged herein, and upon information 
available at the time of its preparation. The information provided by others is believed to be accurate 
but cannot be guaranteed. 

Worley Consulting does not accept any responsibility for the use of this report for any purpose other 
than aquifer mapping and hydrostratigraphic characterization and does not accept responsibility to 
any third party for the use in whole or in part of the contents of this report. Any alternative use, 
including that by a third party, or any reliance on, or decisions based on this document, is the 
responsibility of the alternative user or third party. 
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FIGURES (FOLLOWING TEXT) 

Figure 1: Location map and mapped aquifers. 

Figure 2:  Cross section A-A. 
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