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INTRODUCTION 
It is a common and challenging task to refit or adjust 

spatial data collected and geo-referenced on vintage hard 
copy topographic base maps at smaller scales, to more 
accurate digital topographic base maps at a much larger 
scale, in order to add value and advance the application of 
the spatial data. 

A prerequisite of this task often involves the 
assessment or validation of the spatial data quality, and 
the need to manage and reduce the effects of uncertainty 
and error propagation. While spatial data quality is a topic 
that has been widely researched and published (e.g., 
Goodchild, 1989; Guptill and Morrison, 1995; Shi et al., 
2002), it remains to be an issue to organizations that 
collect, integrate, disseminate and publish spatial data. 

This paper summarizes recent work at the British 
Columbia Geological Survey (BCGS) in data quality 
assurance, data refitting and the results of the refitted 
Regional Geochemical Survey (RGS) stream sample sites 
in the province of British Columbia. The goal of the 
exercise is to develop an automated, practical and re-
usable methodology based on a set of criteria and 
algorithms that computation can be performed within a 
spatial database environment. Highly uncertain sites will 
still require manual verification using high resolution 
imagery, large scale topographic maps and scanned paper 
maps. A brief summary is also provided on the 
preliminary results of adjusting the RGS stream sample 
sites from the streams on the original paper based 
National Topographic System (NTS) maps, to their 
equivalent or matching 1:20 000 scale streams from 
Terrain Resource Information Management (TRIM). The 
methodology and cases presented in this paper can be 
used as a guide to future efforts in validation of RGS 
stream sample sites. 
 
This publication is also available, free of charge, as colour 
digital files in Adobe Acrobat® PDF format from the BC 
Ministry of Forests, Mines and Lands website at 
http://www.empr.gov.bc.ca/Mining/Geoscience/PublicationsCat
alogue/Fieldwork. 
 

 

The RGS program started in the 1970s and represents 
an investment of over $20 million in collecting and 
analysing over 60 000 stream sediment, moss, and lake 
sediment and water samples covering approximately 75% 
of British Columbia. The published RGS datasets contain 
analytical determinations for up to 50 elements, field 
observations and sample location information, which have 
been widely used in mineral exploration, land use 
planning, public health, and many other areas. 

While the sample site location criteria are recognized 
as some of the most important aspects for the success of 
the RGS program (Ballantyne, 1991), the positional 
accuracy or data quality for the RGS sample locations has 
not been formally established or specified, partially due to 
the fact that the RGS program started as a geochemical 
survey of stream sediments at a reconnaissance scale to 
identify regions with a high mineral potential. As such 
positional accuracy of stream sample sites was not 
deemed as a concern. 

The requirements of validating RGS data quality, 
especially positional accuracy of the stream sample 
locations, are largely driven by the applications of the 
RGS geochemical results in mineral exploration, through 
more detailed geochemical modelling and levelling.  

Catchment basins of stream geochemical survey sites 
are recognized as being more effective to advance the 
levelling, interpretation, application and presentation of 
the geochemical results (e.g., Bonham-Carter and 
Goodfellow, 1986; Bonham-Carter et al., 1987; Hawkes, 
1976; Jackaman and Matysek, 1995; Matysek and 
Jackaman,1995; Matysek and Jackaman, 1996; Sibbick, 
1994; Sleath and Fletcher, 1982). BCGS has developed a 
fully automated algorithm to delineate catchment basins 
with high performance (Cui et al., 2009). In order to use 
the most recent and detailed heights of land as the base of 
the catchment basins, it is required that RGS stream 
sample sites are validated and adjusted (or refitted) to the 
streams from the TRIM topographic base maps at a scale 
of 1:20 000. The confidence level of the RGS stream 
sample locations not only help to delineate catchment 
basins properly, but they also help to constrain the 
interpretation of the geochemical anomalies based on 
catchment basin analysis. 
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DATA SOURCES 

Regional Geochemical Survey Sample 
Location Data 

The RGS data includes more than 60 000 sample 
locations, field observations and analytical results for up 
to 50 elements for water, stream and lake sediment 
samples collected over a period of 30 years. Of the RGS 
samples, more than 52 000 were stream sediment and 
water sample sites. 

The locations of the stream sample sites were 
measured on NTS paper-based maps at a scale of 
1:250 000 and later more commonly at a scale of 
1:50 000. The NTS maps were based on the NAD27 
datum and have not been updated since publication. In 
recent years, the sample sites have been located with the 
aid of handheld GPS devices. 

The selection method of RGS stream sample sites 
was based on Garrett et al. (1980), Ballantyne (1991) and 
refined by BCGS (Lett and Jackaman, 2004; Lett, 2005), 
which includes some of the following criteria: 

• a regional survey with an average sample density 
of 1 sample per 13 square kilometres (km2); 

• active flowing first or second order streams that 
have a drainage basin area between 2 and 15 km2 
(first order streams will only generally be 
sampled for more detailed surveys, e.g., 1 
sample/5 km2); 

• within the active stream channel (subject to 
annual flooding); 

• approximately 60 metres upstream from sources 
of possible contamination; 

• approximately 60 metres upstream from a 
confluence; 

• approximately 60 metres upstream from a high 
tide mark; 

• upstream from lakes, ponds and marshes; 
• prefer streams containing abundant fine-grained 

sediment (silts and clays) that have clean flowing 
water; and 

• avoid very high or very low energy sites if 
possible. 

The NTS paper maps at a scale of 1:50 000 are used 
as the Master Sample Location Maps to plan the traverse 
of the survey area, for identifying proposed sample 
collection sites. The sample collection crews use field 
copies of the paper maps as the Traverse Field Maps to 
record the actual sample sites, which may be different 
from the proposed location. The locations are transferred 
to the Master Sample Location Maps at the end of each 
day. 

Further to potential uncertainty in identifying and 
marking the sample locations properly on the paper maps, 

the validation of the sample locations is also pertinent due 
to uncertainties from changes of geo-referencing sources 
and datum over the last 30 years and potential errors 
introduced from data transcription and transformation. 

1:50 000 NTS Maps 
While 1:250 000 NTS paper maps were used to 

locate some of RGS samples, the majority of the RGS 
samples were located on the 1:50 000 NTS maps. In 
addition to the available hard copy of paper based maps, a 
digital representation of the 1:50 000 NTS stream layer is 
used in this project. This dataset is also known as the 
“blueline” streams. In total, there are over 1 million 
stream network edges. Non-geometric attributes for this 
stream network include a hydrographical feature code, 
stream order, stream magnitude and a new watershed 
code which cross-references hydrographical features 
between the streams based on TRIM at a scale of 
1:20 000 and the NTS 1:50 000 streams. 

1:20 000 TRIM I Stream Data 
For this project, the stream network and watersheds 

derived from the 1:20 000 scale TRIM I topographic base 
are considered as the provincial standard hydrographical 
base. The stream network has full connectivity by adding 
‘skeleton’ network edges or connectors through water 
bodies such as lakes, rivers and canals digitized as 
polygons. In total, there are approximately 5 million 
stream network edges and over 3 million watershed 
polygons. Stream data collected through TRIM II and 
updates from the TRIM data exchange program are not 
included. 

The stream network’s non-geometric attributes are 
identical to the 50k stream attributes, except that they 
include a hierarchical key that was introduced to enable 
upstream and downstream queries in a non-spatial 
manner. The hierarchical keys were computed as the 
proportional distance along a stream where a child stream 
flows into its parent. 

There is a stream cross-reference table 
(XREF_20K_50K_STREAMS) that lists the 50k stream 
edges and their equivalent or matching TRIM I stream 
edges. This table is used both in locating the matching 
TRIM I streams and in assessing data quality. 

External Data Sources 
For manual verification and visual inspection, high 

resolution imagery (e.g., orthophotography) and more 
detailed topographic base map (e.g., TRIM II streams) 
from external web services are accessed as WMS layers. 

METHODOLOGY 

Principles 
This exercise is to develop a practical and re-usable 

methodology with the goal of validating the source data 
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and reducing the uncertainty in the positional accuracy of 
the sample locations. The procedures based on this 
methodology will also be used to refit or adjust the 
sample locations to the matching TRIM streams. 

Throughout the process, the positional uncertainty of 
the original sample locations is assessed, leading to the 
ranking and the development of confidence levels that can 
be assigned to each of the sites after the adjustment to 
TRIM I streams is completed. 

Processing Environment 
To ensure re-usability of the procedure, the 

prototyping, data analysis and processing are carried out 
in a fully interoperable environment consisting of desktop 
GIS, GeoWeb and Web-based batch processing services 
connecting to spatial databases that support Open 
Geospatial Consortium (OGC) Simple Features 
Specification.  

Microsoft SQL Server® 2008 and 
PostgreSQL/PostGIS are used to store and query RGS and 
hydrographic data.  

To visualize and edit specific sample sites in the 
context of the 50k NTS streams and 20k TRIM streams 
anywhere in the province, all data has to be served up 
dynamically by a bounding box to handle the huge data 
volume (over 9 million of hydrographic data alone). Two 
free and open source desktop GIS packages, OpenJUMP 
and Quantum GIS, are used to directly query and 
visualize the over 9 million records of 50k NTS streams, 
20k TRIM I streams and watersheds stored in a 
Postgres/PostGIS database. This high performance 
visualization is achieved through the use of the viewing 
and panning screen as a bounding box to dynamically and 
efficiently load the spatial data from a PostGIS databases. 

Web-based batch processing services are enabled by 
JEQL, a query tool with enhancement to SQL and full 
access to spatial functions available from JTS Topology 
Suite. 

Google Earth® and OpenJUMP are used to access 
imagery and detailed topographic base maps served up as 
WMS layers. 

PROCEDURES 
Through prototyping and testing, the refitting 

procedure is developed and refined with three major 
steps. A simplified view of the procedure is depicted in a 
flow-chart (Figure 1). 

During the test period, a set of criteria is developed to 
determine and assign confidence level to the refitting 
results (Table 1).  

Step 1: Selecting 50k Streams Nearest to the 
RGS Sample Sites 

This step is taken to determine if a given RGS sample 
site can be located on an NTS 50k stream within a 

reasonable distance or tolerance, as a way to assess the 
positional uncertainty. 

The “nearest” algorithm is used to calculate the 
distances between a given RGS sample site and the 50k 
streams within a given tolerance. The nearest stream is 
selected with the shortest distance and constrained by 
stream code and stream orders. The constraint on stream 
code is to avoid selecting stream edges that are part of the 
stream network but not appropriate as sample locations, 
e.g., a construction line through a lake. The constraint on 
stream orders is to ensure that the selected 50k stream is 
appropriate with a stream order specified by the RGS 
sampling guide (i.e., first or second order), and matching 
the actual stream order recorded in the RGS field data.  

A tolerance of 300 metres is used arbitrarily after 
consideration of uncertainties in estimating coordinates 
from a paper map at a scale of 1:50 000, potential 
positional drift due to a conversion between NAD27 to 
NAD83, and rounding errors. To put it in perspective, the 
size of a pencil circle marked as a sample site on the 50k 
paper maps is 150 metres. The tolerance can and should 
be adjusted so a practical number of sites deemed as 
highly uncertain can be manually inspected. 

Step 2: Selecting TRIM I Streams Nearest to 
the RGS Sample Sites 

This step consists of three different passes to select 
the matching or nearest TRIM I stream for a given RGS 
sample site. 

In the first pass, the 50k streams identified for the 
RGS sample sites from Step 1 are used to select their 
equivalent or matching TRIM I streams through the 
stream cross-reference table (XREF_20K_50K_ 
STREAMS). 

In the second pass, a query is executed to select the 
TRIM I streams for the stream sample sites that are on or 
near the 50k streams as identified from Step 1 but they do 
not have matching or equivalent TRIM I streams based on 
the cross-reference table (XREF_20K_50K_STREAMS).  

In the third pass, a query is performed to locate 
TRIM I streams within a radius of 150 metres and the 
nearest stream is selected for the stream sample sites not 
near any 50k streams within 300 metres. 

Visual inspection is required for stream sample sites 
that are not near any 50k stream within 300 metres or near 
any TRIM I stream within 150 metres. Visual inspection 
is carried out on 50k paper maps (if available), TRIM II 
stream and orthophotography as WMS layers. 

In the above three passes, the selection of TRIM I 
streams is constrained by the TRIM I stream order and the 
stream order recorded in the RGS field data. The TRIM I 
stream order must be the same or slightly higher than the 
matched 50k stream orders or the stream orders recorded 
in the RGS field data, due to the differences between 
mapping at scales of 1:20 000 and 1:50 000. Manual 
review is required if the stream orders are not equivalent 
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Figure 1. A simplified flow-chart of validation and refitting process. 

 
between the selected TRIM I streams and the 50k streams 
or the RGS field data. 

Some other constraints are placed on the TRIM I 
stream data to avoid selecting stream edges that are 
deemed not appropriate as the sample locations, e.g., a 
construction line linking the main flow to a side channel. 
This is achieved by filtering them out based on spatial and 
non-spatial attributes. 

The positional uncertainty of a site is assessed based 
on its distances to the nearest 50k stream and TRIM 
stream, if there is a match between the nearest 50k stream 
and nearest TRIM stream, and if the TRIM stream order 
matches the stream order recorded in the RGS field data.  

The selected TRIM I streams are tested if they are 
located in the same 20k watersheds derived from TRIM I 
that contain the original RGS stream sample sites. This is 
carried out by spatial overlay between the 20k watershed 
polygons and the original RGS stream sample sites as 
points and the matched TRIM I streams as drainage 
lineStrings. 

For a given sample site if there is no matching TRIM 
I stream, it is visually reviewed on the NTS 50k paper 
maps that were used in the field (if available) and then 
verified with the aid of TRIM II streams and high 
resolution images. 
 

172 British Columbia Geological Survey



Table 1. Criteria for confidence level of validation and refitting results. 
 

Confidence 
Level Criteria 

5 • Located on or near a 50k stream within 150 metres 
• A match between the nearest 50k and TRIM stream 
• Adjusted to the nearest TRIM stream within 150 metres with an 

equivalent stream order as the one from the RGS field data 
• Same resulting catchment basin after the adjustment of sample 

location 
4 • Located on or near a 50k stream within 200 metres 

• A match between the nearest 50k stream and TRIM stream 
• Adjusted to a TRIM stream that is not the nearest but still within 200 

metres with an equivalent stream order as the one from the RGS field 
data 

• Same resulting catchment basin after the adjustment of sample 
location or different catchment basin but the adjustment distance is less 
than 150 metres. 

3 • Located on or near a 50k stream within 300 metres 
• No match between the nearest 50k stream and TRIM stream 
• Adjusted to a TRIM stream that may not be the nearest but still within 

150 metres with the same stream order as or slightly higher than the 
stream order from the RGS field data 

• Different resulting catchment basin after the adjustment of sample 
location  

2 • Located on or near a 50k stream over 300 metres 
• Not matched between the nearest 50k stream and TRIM stream 
• Adjusted to a TRIM stream over 150 metres 
• Different resulting catchment basin after the adjustment of the sample 

location to TRIM stream 
1 • Location highly uncertain even after review and verification on other 

data sources 
• Adjustment distance is greater than 300 metres 
• Different resulting catchment basin after the adjustment of sample 

location 
0 • No 50k or TRIM streams within 300 metres 

• Manual inspection unable to resolve a reasonable location 
• Adjustment is not applied: site left at its original location 

  
 
Step 3: Adjusting RGS Sample Sites to the 
Matched TRIM Streams 

The automated process to adjust or “snap” the 
original locations of the RGS stream sample sites to their 
matched TRIM I streams is carried out in a spatial 
database. When a matched TRIM I stream is identified as 
the best candidate for a given stream sample site, the 
stream is selected from the database. The lineString of the 
selected stream is trimmed for 1 metre at the ends, to 
prevent potentially snapping a sample site to a confluence 
with multiple up stream edges, thus ambiguity in 
upstream query and in conflict with the RGS guide of 
selecting sample sites 60 metres above a confluence. The 
adjustment of the stream sample sites to the trimmed 
TRIM I streams is carried out with the nearest algorithm 
that is executed in a spatial database. 

Manual adjustment is carried out in a desktop GIS for 
stream sample sites that are located on TRIM II streams  

as identified by visual inspection or manual checking in 
Step 2. 

Step 4: Quality Assurance and Manual 
Fixing 

The final step is to sort the results based on their 
confidence level and manually check the results with the 
assistance of TRIM II streams, digital elevation models, 
high resolution orthophotography and other sources of 
information. Manual inspection and correction are carried 
out where results are considered incorrect or at a low 
confidence level. 

DISCUSSIONS OF RESULTS 

Summary of the Original RGS Stream 
Sample Sites 

Stream order for a sample site is useful in resolving 
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