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Figure 90. Groundwater well locations potentially impacted by anthropogenic sources based on analysis of concentrations of 
nitrate, chloride and sodium  
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5.7.1 Water Quality Concerns 

Table 8 summarizes identified elements that could potentially affect the water quality within Area F. Septic systems, industrial 
effluent, livestock, landfills and gas stations are rated as high concern, based on professional opinion. 
 

Table 8. Water quality concerns identified within Area F and hazard rating 

 Hazard Type (based on land use, 
discharges authorizations, 

contaminated sites) 
Hazard Rating Comments Potential Contaminants 

Gravel pit Moderate Some gravel pits in the area are 
registered as contaminated sites Hydrocarbons, metals 

Sewage/septic system (commercial or 
residential) Moderate-high Depending on septic density and 

proximity to streams 

Pathogens, nutrients (phosphorous, nitrogen), 
BOD, pharmaceuticals and personal care 
products (PPCPs). 

Industrial effluent High  If not treated or inadequately treated TDS, nitrogen, chloride, metals, hydrocarbons, 
cyanides, PCBs, radionuclides 

Farming and residential use of pesticides 
and fertilizers Moderate to high Depending on type of 

pesticides/fertilizers and amount used 
Fertilizers, pesticides, herbicides, phenols, 
chloride, hydrocarbons  

Forestry (wood waste and logging sites) Low/ Moderate Low for groundwater and moderate 
for surface water 

Turbidity, NO3, phosphate, pathogens, 
hydrocarbons 

Gas station / fuel storage High Some registered as contaminated site  Hydrocarbons 

Composting facilities Low   Micro-plastics 

Landfills High   Nitrogen compounds, metals, hydrocarbons 

Livestock Moderate-High   Pathogens, nitrate-nitrogen, phosphates, 
chloride 

Recycling facilities (automotive) Moderate   Metals, organic and inorganic chemicals 

Transportation Corridors Moderate   Hydrocarbons, salts, herbicides 

Concrete plant Moderate   Hydrocarbons 

 



RDN Area F Water Quality and Quantity Risk Assessment  June 15, 2020 
___________________________________________________________________________________________________________________________________________________________________________________________________ 

____________________________________________________________________________________________________________________________________________________________________________________________________ 

Page 143   Project No.19-29 

 

6 BEST MANAGEMENT PRACTICES RECOMMENDATIONS 

Table 9 summarizes the different potential sources of groundwater contamination within Area F and proposes Best 
Management Practices (BMPs) which should be applied depending on the type of land use. The aim of the BMPs is to 
prevent or to reduce the risk of causing groundwater contamination. 

Appendix 7 details the rationales for Best Management Practices (BMPs) with respect to the various sources of contamination 
described in Table 9. 

Table 9. Best Management Practices for the potential sources of contamination within Area F 

Sources of Contamination Best Management Practices 

Agricultural 

Animal wastes 
Low density livestock activity is allowed.  If manure is spread, implement groundwater and 
surface water quality monitoring. Livestock activity not allowed within capture zone of 
municipal water supply systems. 

Pesticide application 

Ban toxic classes of pesticides. 
Promote use of organic and natural pesticides, in collaboration with farmers. 
Pesticides and fertilization are allowed combined with groundwater and surface water 
quality monitoring. Pesticides are not allowed within capture zone of regulated production 
wells or near streams (100m buffer). 

Fertilizer application Nitrate management plans to be designed and implemented. 

Irrigation return flows Assessment of potential impact on the quality of groundwater. Groundwater quality 
monitoring. 

Residential / municipal 
(urban and rural) 

Sewer leakage and sewer outfall 

2 to 10 year inspections depending on vulnerability of the aquifer the sewer is situated 
above.  
Strict monitoring of treated wastewater before introduction to the environment (e.g. 
streams) and alarm system in place. 

Septic tanks and cesspools 
Keep promoting and implementing maintenance of private septic fields (e.g., rebate 
program, “kitchen” meeting, etc.). 
2 to 10 year inspections depending on vulnerability of the aquifer.  

Liquid wastes (Land application 
of municipal effluent) Untreated effluent not allowed. Monitoring of treated effluent before application. 
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Sources of Contamination Best Management Practices 

Solid wastes 
Properly constructed landfill/composting facility permitted only in/above low permeability 
soil layer combined with proper groundwater quality monitoring.  Detailed hydrogeological 
assessment required.  

Roadway de-icing Use of sand recommended. Road de-icing is allowed on main roads. 

Borehole leakage (wells) 

Design and implement program to locate wells not listed in GWELLS. 
Abandoned wells to be closed. 
Operating wells to be inspected and upgraded (surface sealed, secure well caps and covers, 
stick-up length and integrity, upgrade wells in pit). 

Industrial and  
Commercial 

Liquid wastes Untreated effluent not allowed. Monitoring of treated effluent before disposal. 

Tank and pipeline leakage Tanks and pipelines are allowed, with strict groundwater monitoring and maintenance 
plan. 

Spills  Containment and spill response plan required. 

Stockpiles  Containment is required. 

Forestry / Resources 
Harvesting Apply conservative riparian zones buffer near streams, in particular where aquifers are 

directly connected to streams (100 m riparian buffer from top of bank recommended). 
Mining activities Detailed definition of aquifers and monitoring of both surface water and groundwater. 

7 CONCLUSIONS 

Based on the completed work, we draw the following conclusions: 

7.1 Water Quantity 

1. Five overburden aquifers (209, 662, 663, 216, and 217) and one bedrock aquifer (220) are partly or fully within the 
Area F boundary. 

2. The thickness of overburden material within Area F was refined based on the GSC Nanaimo Lowlands project (Benoit 
et al, 2015). It ranges from less than 2 m (or exposed bedrock) to up to 120 m. Overburden aquifers are present where 
the overburden is thicker.  Bedrock aquifers are predominant where overburden sediments are less than 2 m thick.  
They also underly overburden aquifers. 
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3. The regional groundwater flow is from ridges at high elevation towards the ocean. The flow directions in overburden 
Aquifers 209, 216, and 217 were determined with a higher level of detail based on a good definition of the piezometric 
level. 

4. Minimum flows have historically been recorded in August, when groundwater discharge to the streams is responsible 
for sustaining the flow.  However, in recent years minimum flows have been observed over a longer period, from July 
to September.  This could possibly be attributed to the effects of climate change and increased groundwater usage. 
Additionally, land modification such as forest loss over time might also be a modifying factor. 

5. Declines in groundwater levels in bedrock aquifers were observed with the exception of wells near Little Mountain and 
the Englishman River where localized groundwater recharge has been identified. These water level declines are 
attributed to a combination of factors including climatic conditions, water usage, and land modification (e.g., forest loss, 
surface impermeabilization). 

6. Groundwater levels in overburden aquifers are relatively stable after declining levels were observed in Aquifer 216 
(until 2015) and 217 (until 2010), likely resulting from over-extraction from well fields. 

7. The fluctuation of groundwater levels has been compared to the cumulative precipitation departure (CPD) for some 
wells, for which data was available for a sufficient length of time (i.e., more than 10 years).  This was done for OW287 
(bedrock Aquifer 220), and OW314 (overburden Aquifer 216). If groundwater level trends follow a similar trend to the 
CPD then this suggests that the groundwater level trend is being influenced by climatic factors. 

8. Precipitation trends can partly explain the decline in groundwater level in Aquifer 220.  From 1984 to 1990, the CPD 
decreased and groundwater levels also indicate a drop of the water table. However, after 1990, the CPD started to 
increase indicating that average precipitation within that period was higher than the long-term average, and 
groundwater levels appear to have stabilized. A decline in CPD from 2008 to present corresponds to a decline in 
groundwater levels. Other factors, such as land use (e.g., increased percentage of land covered by impermeable 
surfaces), and population rise have also likely contributed to the long-term decline observed in groundwater levels over 
the last 35 years. 

9. For OW314, installed in Aquifer 216, groundwater levels drastically declined between 1992 and 2003.  The dropping 
trend was decoupled from the CPD curve which indicated a series of wet years. The decline in groundwater level likely 
resulted from the influence of nearby production wells managed by EPCOR water services at the time.  Apparently, 
EPCOR started regulating pumping in the production wells after 2003.  Since then, the groundwater level trend has 
stabilized and even slightly increased.  
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10. Unfortunately, there is not enough information (both in time and spatially) to describe the fluctuation of the water table 
for all the aquifers in Area F.  Therefore, it is critical to increase the number of monitoring wells and cover as 
thoroughly all the aquifers so that, gradually, enough information is collected to adequately monitor the status of 
aquifers.  

11. It is predicted, due to climatic conditions, that snow accumulation will decrease. This will directly impact aquifers and 
wells that have a snow dominant recharge regime (e.g., Aquifer 216). 

7.2 Water Quality 

12. The surficial overburden aquifers have each their own water quality, as indicated by their own clouds on the Piper plot.  
For example, Aquifer 663 shows a higher proportion of Chloride.  Some of the points (e.g., samples from Aquifer 209 
showing higher concentrations of sodium and potassium) may represent locations where impact to groundwater quality 
due to surface activity is observed. 

13. Groundwater in bedrock is predominantly HCO3-Ca, suggesting young water (i.e., the aquifer is recharged by rain and 
snowmelt and groundwater flows relatively fast through the fractured bedrock). However, there are some wells 
reporting a Cl-Na water type suggesting that groundwater has been affected by anthropogenic sources such as septic 
fields, farming activities, or road salting.  

14. The presence of saline waters is also possibly associated with mature groundwaters and/or connate relict marine water 
from past periods of higher sea level, particularly within areas of limited recharge.  Wells that fall into this group (Cl-Na) 
corresponds to surficial Aquifer 216, 217, 262 and bedrock Aquifer 220. 

15. Coliforms are present in groundwater, both in the bedrock and surficial aquifers.  There are no spatial or temporal 
trends. Coliforms could be attributed to natural sources or a combination of poorly maintained wells and the absence of 
surface seals. 

16. For metals, for Area F and the area north of it, only five samples show concentrations above guidelines with arsenic (in 
bedrock Aquifer 220 – one sample), barium, lead (one sample in overburden Aquifer 217), zinc (four samples, Aquifer 
217 and 664), and copper (five samples in Aquifer 217).  Therefore, the presence of these metals does not appear to 
be a dominant issue. 

17. Both arsenic and boron are often associated in the Nanaimo group bedrock deposits. Maximum concentrations of 
boron are reported in the 1 mg/L range (the drinking water guideline being 5 mg/L).  However, higher concentrations of 
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arsenic are present within Area F in the range of 0.02 to 0.08 mg/L (the guideline is 0.01 mg/L).  Arsenic is assumed to 
be naturally present in the groundwater in the area. 

18. Nitrate, sulfate, chloride, and TDS are the main parameters with concentrations exceeding the guidelines for drinking 
water.  This is predominantly observed in bedrock wells (Aquifer 220). This is also observed for wells located along the 
Alberni Highway and in small clusters (Little Mountain area, Errington).  Therefore, the presence of these parameters 
likely results from anthropogenic activities.  We do not observe increasing or decreasing trends with time. 

19. Nitrates are locally present at concentrations that are not of natural sources.  Nitrate is present at concentrations that 
could have health impacts. Some cancers, thyroid problems, and negative birth consequences have been linked with 
concentrations of nitrate in drinking water even significantly below the drinking water guidelines (Temkin, et al., 2019). 
The relatively high concentrations of nitrate in groundwater within Area F could be attributed to the use of fertilizers 
and/or failing septic fields and/or animal farming practices.  

20. Only two samples exceeded the nitrate drinking water quality guideline (10 mg/l); however, many wells are showing 
increasing trends and nitrate concentrations are slowly approaching the guideline.  Higher concentrations of nitrate are 
observed after 2011 in the Alberni Highway and Church Road area, with recent concentrations in the 2 to 8 ppm range.  
It may be related to an increased presence of nitrate in groundwater and/or to an increase in sampling and analyses.  
The medium and 75th percentiles of samples collected from wells within 300 m from medium and large animal farms 
show higher concentration for both nitrate and sodium suggesting the animal farms might be affecting the groundwater 
quality. 

21. Nitrate management has been presented in case studies such as for the Abbotsford Aquifer (Chesnaux, et al., 2007).  
It demonstrates that nutrient management practices can be adopted and implemented to reduce the risks of nitrogen 
loading to groundwater without compromising agricultural productivity and activity. 

22. Chloride appears to be present due to both natural and anthropogenic sources.  No spatial or temporal trends are 
observed.  Concentrations in the 250 ppm to 600 ppm range in the last 10 years, reaching values in a 1 to 3 ppm 
range.  However, this trend may be due to the fact that more samples have been collected in the last six years.  We 
observe a larger amplitude of concentration covered by a larger set of samples. This observation also applies to 
fluoride.  

23. GW Solutions has drafted best management practices to reduce the risks of groundwater contamination from a variety 
of anthropogenic sources. 
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8 RECOMMENDATIONS 

We make the following recommendations: 

14) The RDN should work in cooperation with all the water purveyors to better monitor the effects of using aquifers for water 
supply in Area F.  Working towards developing modeling tools to forecast the long-term effects of extracting groundwater 
from the aquifers should be a priority. 

15) The network of monitoring wells should be reviewed in light of the improved definition of aquifers to identify areas needing 
monitoring.  

16) The creation of new impermeable areas should be prevented to minimize the reduction of groundwater recharge. 

17) The RDN should consider Aquifer Protection Development Permit Areas in particular in areas where connections between 
aquifers and surface water are more prevalent.  

18) In addition to the application of the BC Riparian Areas Protection Act and the requirements listed in the RDN Freshwater 
and Fish Habitat Development Permit Area, we recommend that land protection measures be developed and implemented 
within a distance (i.e. 50 to 100 m) from top of banks (Beacon Environmental Ltd., 2012). Measures should consider both 
water quantity (e.g., no increase of impermeable areas) and water quality (e.g., no release of elements that would 
negatively affect water quality). A full review of the Freshwater Protection DPA regarding riparian buffers was outside the 
scope of this study. 

19) Agricultural best management practices to reduce the risks of surface and groundwater contamination from fertilizers and 
farming activities need to be enforced. For instance, adequate setbacks from farming components (i.e., application of 
fertilizers, management of manure, wastewater lagoons, fertilizer storage) should be required.  This could be promoted by 
the RDN through an education and awareness outreach program to farmers and also achieved by working with the 
Ministry of Agriculture to modify regulations, and to implement nitrate management plans. 

20) The presence and types of coliforms need to be better characterized and monitored.  The RDN should work closely with 
Island Health to assess the human health and ecological risks associated with coliforms. 

21) The RDN should design and implement a nitrate monitoring and management program. It may include: 

a) Sampling of wells with highest nitrate concentrations (e.g., network of a dozen wells, quarterly sampling); 
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b) Detailed mapping of septic fields and agricultural activities at proximity (i.e., within 500 m radius); 

c) Detailed hydrogeological characterisation; 

d) Simultaneous tracking of other parameters (e.g., chloride, sodium, sulfate). 

22) A water quality assessment within Area F is recommended to be repeated no later than 10 years from this assessment; it 
should include septic field mapping and characterization to better characterise the potential correlation between the 
presence of coliforms, nitrate, and chloride in groundwater and the proximity to septic fields. 

23) The water quality assessment was completed based on data from various sources. We recommend continuing monitoring 
and reporting on groundwater quality and facilitating the access and sharing of results. Private‐domestic well owners are 
recommended to sample their wells for bacterial analysis and nutrients (i.e. nitrate) once a year, and metals (every three 
years).  

24) Well inspections were not part of the project; however, it is well documented that contamination of groundwater could also 
occur due to the lack of an adequate well surface seal and poor completion of wellheads. It is recommended to encourage 
residents to upgrade their wells if they do not comply with the new Water Sustainability Act and Groundwater Protection 
Regulation.  This is already encouraged via the RDN Wellhead Upgrade Rebate Program8. 

25) The RDN should continue its effort of education and outreach to the public for the proper operation and maintenance of 
septic fields. 

26) The RDN should design and implement a program to locate wells which have been omitted from GWELLS.  This should 
be accompanied by a well upgrade or closure plan, to meet the WSA requirements. 

27) For wells exceeding iron, manganese and arsenic, treatment technologies such as reverse osmosis, chlorine injection, or 
specialized filters might be considered to reduce the concentrations to potability standards. Well owners are 
recommended to contact a certified water treatment specialist or qualified pump installer. 

 

 

8 https://rdn.bc.ca/well-protection-upgrades-rebate 
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validity of this document is affected by any change of site conditions, purpose, development plans or significant delay from 
the date of this document in initiating or completing the project.  

The produced graphs, images, and maps have been generated to visualize results and assist in presenting information in a 
spatial and temporal context.  The conclusions and recommendations presented in this document are based on the review of 
information available at the time the work was completed, and within the time and budget limitations of the scope of work. 

The Regional District of Nanaimo (RDN) may rely on the information contained in this report subject to the above limitations. 
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11 CLOSURE 

Conclusions and recommendations presented herein are based on available information at the time of the study. The work 
has been carried out in accordance with generally accepted engineering practice. No other warranty is made, either 
expressed or implied. Engineering judgement has been applied in producing this letter-report.  
This letter report was prepared by personnel with professional experience in the fields covered. Reference should be made to 
the General Conditions and Limitations attached in Appendix 1. 
GW Solutions was pleased to produce this document. If you have any questions, please contact me.  
 
Yours truly, 
 
GW Solutions Inc. 
 

 

 

 Antonio Barroso, M.Sc, P.Eng 
Project Hydrogeologist 

 Gilles Wendling, Ph.D., P.Eng. 
Senior Hydrogeologist Reviewer 
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APPENDIX 1 
GW SOLUTIONS INC. GENERAL CONDITIONS AND LIMITATIONS 
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This report incorporates and is subject to these “General Conditions 
and Limitations”. 

1.0 USE OF REPORT 
This report pertains to a specific area, a specific site, a specific 
development, and a specific scope of work. It is not applicable to any 
other sites, nor should it be relied upon for types of development 
other than those to which it refers. Any variation from the site or 
proposed development would necessitate a supplementary 
investigation and assessment.  This report and the assessments and 
recommendations contained in it are intended for the sole use of GW 
SOLUTIONS’s client. GW SOLUTIONS does not accept any 
responsibility for the accuracy of any of the data, the analysis or the 
recommendations contained or referenced in the report when the 
report is used or relied upon by any party other than GW 
SOLUTIONS’s client unless otherwise authorized in writing by GW 
SOLUTIONS. Any unauthorized use of the report is at the sole risk of 
the user.  This report is subject to copyright and shall not be 
reproduced either wholly or in part without the prior, written 
permission of GW SOLUTIONS. Additional copies of the report, if 
required, may be obtained upon request. 

2.0 LIMITATIONS OF REPORT 
This report is based solely on the conditions which existed within the 
study area or on site at the time of GW SOLUTIONS’s investigation.  
The client, and any other parties using this report with the express 
written consent of the client and GW SOLUTIONS, acknowledge that 
conditions affecting the environmental assessment of the site can 
vary with time and that the conclusions and recommendations set out 
in this report are time sensitive.  The client, and any other party using 
this report with the express written consent of the client and GW 
SOLUTIONS, also acknowledge that the conclusions and 
recommendations set out in this report are based on limited 
observations and testing on the area or subject site and that 
conditions may vary across the site which, in turn, could affect the 
conclusions and recommendations made.  The client acknowledges 
that GW SOLUTIONS is neither qualified to, nor is it making, any 
recommendations with respect to the purchase, sale, investment or 
development of the property, the decisions on which are the sole 
responsibility of the client. 

2.1 INFORMATION PROVIDED TO GW SOLUTIONS BY OTHERS 
During the performance of the work and the preparation of this 
report, GW SOLUTIONS may have relied on information provided by 
persons other than the client.  While GW SOLUTIONS endeavours to 
verify the accuracy of such information when instructed to do so by 
the client, GW SOLUTIONS’ accepts no responsibility for the 
accuracy or the reliability of such information which may affect the 
report. 

3.0 LIMITATION OF LIABILITY 
The client recognizes that property containing contaminants and 
hazardous wastes creates a high risk of claims brought by third 
parties arising out of the presence of those materials.  In 
consideration of these risks, and in consideration of GW 
SOLUTIONS providing the services requested, the client agrees that 
GW SOLUTIONS’s liability to the client, with respect to any issues 
relating to contaminants or other hazardous wastes located on the 
subject site shall be limited as follows: 

(1) With respect to any claims brought against GW SOLUTIONS by 
the client arising out of the provision or failure to provide services 
hereunder shall be limited to $10,000, whether the action is based on 
breach of contract or tort; 

(2) With respect to claims brought by third parties arising out of the 
presence of contaminants or hazardous wastes on the subject site, 
the client agrees to indemnify, defend and hold harmless GW 
SOLUTIONS from and against any and all claim or claims, action or 
actions, demands, damages, penalties, fines, losses, costs and 
expenses of every nature and kind whatsoever, including solicitor-
client costs, arising or alleged to arise either in whole or part out of 
services provided by GW SOLUTIONS, whether the claim be brought 
against GW SOLUTIONS for breach of contract or tort. 

4.0 JOB SITE SAFETY 
GW SOLUTIONS is only responsible for the activities of its 
employees on the job site and is not responsible for the supervision 
of any other persons whatsoever. The presence of GW SOLUTIONS 
personnel on site shall not be construed in any way to relieve the 
client or any other persons on site from their responsibility for job site 
safety. 
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5.0 DISCLOSURE OF INFORMATION BY CLIENT 
The client agrees to fully cooperate with GW SOLUTIONS with 
respect to the provision of all available information on the past, 
present, and proposed conditions on the site, including historical 
information respecting the use of the site. The client acknowledges 
that in order for GW SOLUTIONS to properly provide the service, 
GW SOLUTIONS is relying upon the full disclosure and accuracy of 
any such information. 

6.0 STANDARD OF CARE 
Services performed by GW SOLUTIONS for this report have been 
conducted in a manner consistent with the level of skill ordinarily 
exercised by members of the profession currently practicing under 
similar conditions in the jurisdiction in which the services are 
provided. Engineering judgement has been applied in developing the 
conclusions and/or recommendations provided in this report. No 
warranty or guarantee, express or implied, is made concerning the 
test results, comments, recommendations, or any other portion of 
this report. 

7.0 EMERGENCY PROCEDURES 
The client undertakes to inform GW SOLUTIONS of all hazardous 
conditions, or possible hazardous conditions which are known to it. 
The client recognizes that the activities of GW SOLUTIONS may 
uncover previously unknown hazardous materials or conditions and 
that such discovery may result in the necessity to undertake 
emergency procedures to protect GW SOLUTIONS employees, 
other persons and the environment. These procedures may involve 
additional costs outside of any budgets previously agreed upon. The 
client agrees to pay GW SOLUTIONS for any expenses incurred as 
a result of such discoveries and to compensate GW SOLUTIONS 
through payment of additional fees and expenses for time spent by 
GW SOLUTIONS to deal with the consequences of such discoveries. 

8.0 NOTIFICATION OF AUTHORITIES 
The client acknowledges that in certain instances the discovery of 
hazardous substances or conditions and materials may require that 
regulatory agencies and other persons be informed, and the client 
agrees that notification to such bodies or persons as required may be 
done by GW SOLUTIONS in its reasonably exercised discretion. 

9.0 OWNERSHIP OF INSTRUMENTS OF SERVICE 
The client acknowledges that all reports, plans, and data generated 
by GW SOLUTIONS during the performance of the work and other 
documents prepared by GW SOLUTIONS are considered its 
professional work product and shall remain the copyright property of 
GW SOLUTIONS. 

10.0 ALTERNATE REPORT FORMAT 
Where GW SOLUTIONS’ submits both electronic file and hard copy 
versions of reports, drawings and other project-related documents 
and deliverables (collectively termed GW SOLUTIONS’s instruments 
of professional service), the Client agrees that only the signed and 
sealed hard copy versions shall be considered final and legally 
binding. The hard copy versions submitted by GW SOLUTIONS shall 
be the original documents for record and working purposes, and, in 
the event of a dispute or discrepancies, the hard copy versions shall 
govern over the electronic versions. Furthermore, the Client agrees 
and waives all future right of dispute that the original hard copy 
signed version archived by GW SOLUTIONS shall be deemed to be 
the overall original for the Project.  The Client agrees that both 
electronic file and hard copy versions of GW SOLUTIONS’s 
instruments of professional service shall not, under any 
circumstances, no matter who owns or uses them, be altered by any 
party except GW SOLUTIONS. The Client warrants that GW 
SOLUTIONS’s instruments of professional service will be used only 
and exactly as submitted by GW SOLUTIONS.  The Client 
recognizes and agrees that electronic files submitted by GW 
SOLUTIONS have been prepared and submitted using specific 
software and hardware systems. GW SOLUTIONS makes no 
representation about the compatibility of these files with the Client’s 
current or future software and hardware systems.  
 


