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Figure 44. Area of sampling network where surface and groundwater interactions are most likely

It is well known that in the Fraser Valley, many streams rely almost entirely on groundwater flow to
maintain their base flow in the summer (Wernick ef al., 1998). In Hatzic it was observed that at least one
stream (MacNab Creek) and a small lake (Allan Lake) were seasonal in nature (see fig 6 in section 2.4.2
for the location of these water bodies). These bodies of water were completely dry for much of the
sampling period (late July until October). All other streams sampled continued to flow throughout the
summer suggesting that groundwater was providing some recharge to these streams at some point in their
flow. It is assumed that the impacts of groundwater recharge on stream chemistry will decline as the

stream runs further from the groundwater source.

In his 1994 report for John Conroy and Neighbours, Dakin (Piteau Associates, 1994) noted that there is a
“prolific series of springs located ... in the banks of the upper reaches of Durieu Creek”. He also
commented “we suspect that portions of Belcharton creck and the other southward draining creeks such
as Duricu Creek are fed almost exclusively by discharge from the deep confined aquifer”. The aquifer
he’s referring to 1s AQ3. Much of this aquifer flows scuthwards (Piteau Associates, 1994, PHCL, 2003)
and based on the profile presented in chapter 3 (figure 10) it is easy to imagine that the edge of this
aquifer could be exposed in the vicinity of Durieu and the other creeks with their headwaters on this
hillside. The southernmost well log 1 profile 3 (on the far right of the diagram) has a much shallower
layer of clay (20 m) than do the wells logged further north (on the left of the diagram) which have clay
layers 40-55 m thick. Figure 44 shows the location of the southern most log in this profile on the top left
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corner of the map. This location is over 60 m high.er than the surface of the prairie. It follows that as the
ground continues to slope downward, the cléy layer would become ever thinner until it eventually
exposes the gravel and sand of the aquifer in the side of the hill. This is what was observed by Dakin
(1994) who, when visiting the springs near the source of Durieu creek remarked that * these springs issue
frmﬁ a coarse sand and gravel unit which is exposed in the valley walls and. .. is discharging from the
deep confined aquifer”, We can, therefore, speculate that the most direct groundwater influence on
surface water will be occurring in those streams that are fed by discharge from AQ3. The next problem is

to determine how this groundwater is influencing the stream water quality.

In some cases the influence of groundwater on surface water is obvious and is manifested as a decline in
surface water quality. This is the illustrated on the Sumas Prairie (another area in the

Fraser Valley) where of a sharp increase in stream nitrate in Marshall Creek indicate discharge of -
contaminated groundwater from the Abbotsford aquifer (Berica et al., 2001, Smith (pers comm.), 2003).
In the Hatzic Valley it is reasonable to speculate that the 6pposite is true. We have established in
previous sections that the water quality in AQ3 is quite good and that there are no significant seasonal
fluctuations of most parameters measured including nitrate and conductivity (for which we also have
stream data). There are, however, significant differences in nitrate levels as well as conductivity levels in
the samples of stream water taken throughout the year. The nitrate levels in the stream were much lower
in the summer than in the winter; it follows, therefore, that in the summer, the streams are receiving low
nitrate groundwater discharge from the deep confined aquifer. The stream nitrate levels rise in the winter
while the groundwater nitrate levels remain more constant (especially in the deeper wells in AQ3). In the
winter the surface water is receiving much more input from rain and surface run-off which likely raises

the levels of nitrate in the streams directly (rather than through groundwater recharge.)

A similar pattern can be seen when comparing conductivity values between groundwater samples and
surface water samples. Again, the conductivity values of the groundwater samples didn’t change
dramatically between winter and summer. However, there were significant differences in conductivity in
the streams between the seasons. Tn the surface water conductivity was highest in summer. This can be
attributed in large part to the fact that there is less water in most streams in the summer and therefore
dissolved ions will be more concentrated, giving higher readings. Conductivity of the groundwater
samples was consistently higher than that of the surface water samples because as groundwater travels
through the subsurface it tends to pick up dissolved ions. It would, therefore, be expected that if a
majority of the stream flow were being provided by groundwater recharge, this stream water would have
higher conductivity. This is consistent with the observations, the stream water had higher conductivity

levels in the summer when more of the flow was being provided by direct groundwater recharge and
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lower values in the winter when lower conductivity rainwater was diluting the flow and providing more

of its volume.
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Figue 45. Clusters based on stream temperature (entir sampling period)
A final parameter that can indicate the presence of groundwater discharge is temperature. Streams that

are strongly influenced by groundwater tend to have more stable temperatures and in particular may have
cooler water in the sumumer than the surrounding areas and warmer water in the winter (Wernick et al.,
1998). A cluster analysis was performed using all the temperature data in order to see if the clustering of
the temperature suggests any groundwater influence. The results (shown on figure 45) show three
clusters. Cluster one includes station 8,9 and 10, cluster 2 stations 2,4,5,6,11,12,and 13, and the final

cluster includes the remaining stations,
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The existence of cluster one furiher confirms the

~ 22 hypothesis that groundwater is influencing stations
& .| Wltemp Dry Season Avg. * P & .
o 20 8, 9 and 10, at least for part of the year. In order
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S ..l :
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*
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ar —— e most of the summer months (with the exception of
B —— e data from July 24, when most stations had higher
Cluster 1 Cluster2  Cluster3 | (han normal temperatures). When the Marn-
. Whitney U test was used to determine which of
Figure 46. Temperature Cluster Boxplots.

the sarples were different from each other it was
found that cluster 1 was significantly different than cluster 2 only in Fuly, August, September and
October, the time of year we expect these streams o be most dependent on ground water for recharge.
The other clusters were different from each other at almost all times of the year, The differences between

cluster 2 and 3 are likely related to differences in land cover, as are the differences between chusters 1 and
3.

4.7.1 Surface Water Impacts on Groundwater Quality

The influence of surface water on groundwater in the Hatzic Valley is difficult to determine because of
the sporadic nature of high nitrate wells. It can be assumed that the wells with high nitrate that are not on
Hatzic Island (i.e. are not impacted by septic systems ~ which is largely subsurface impact) may be under
local influence of surface water. If any of these wells are not constructed properly it is likely that
contaminated run-off may be entering these wells. In general, however, the stream data seem to suggest
that the surface water does not impact the groundwater guality. The nitrate values measured in the

streams were generally quite low, meaning that they would not be a source of nitrate to the streams.

In order to come to more definitive conclusions about the groundwater and stream water interactions
more detailed hydrological investigations would have to be carried out. This monitoring could include
procedures such as instaliation of seepage meters (Lee and Cherry, 1978}, use of isotopes, more detailed
temperature and conductivity profiling along the entire length of the stream (Oxtobee and Novakowski,
2002; Hinton et al,, 1993) or taking ICP measurements for the stream samples (Beckie, pers comm,,
2003). However with the information at hand we can make educated speculation that the groundwater

has a substantial influence on the flow of Belcharton, Durieu, Oru Creek and Seux Brook during the dry
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season {especially between July and October) and that this influence is less evident during the wet season
(November to March).

4.8 Survey Results and Discussion

Most of the households who supplied groundwater samples also completed a questionnaire (see appendix
5 for survey questions). Ninety-seven percent of those given a survey returned it. Not all surveys handed
back were complete; therefore, “n” is variable for each question. The survey results will be presented as
follows. First, the responses to specific questions are given, this is followed by a discussion of the
relationships between the questions and the water quality parameters, regional variation in responses o
specific questions are also examined, and the final section is a discussion the perceptions vs. the

analytical reality.

4.8.1 General Responses
4.8.1a Water Quality Perception
The majority of residents in the Hatzic Valley (79%) perceive their water quality as being excellent or

good. Table 19 outlines the residents’ water quality perceptions.

Table 19. Responses to "What is your perception of the water
quality from your weli?"
Excellent | Good Moderate Fair Poor

Percentage 43% 36% 9% 7% 4%
Number 32 27 7 5 3

It is known that members of the public often base their perceptions of risk or of water quality on different
metrics than ‘experts’ (Scherer, 1990). Figure 47 shows measures of “intuitive toxicology” (Kraus ef af.,
1992) that people might use to discern if water quality is “good” or not. The figure shows the importance

of these measures for residents of the Hatzic Valley.
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Figure 47. Responses to the question “How important are the following as a guide for indicating
the quality of your water?”

People are much more likely to rely on tangible indicators of water quality to form their perceptions of
quality, that is those parameters they can casily taste, smell or see. As figure 47 shows, smell and taste
was an important indicator of water quality to just over 60% of respondents followed closely by visible

abnormalities in the water. Many residents saw quality of nearby water and depth to the water table as

less important,

4.8.16 Water Sources

Residents were asked several survey questions that pertained to their specific sources of water as well as
more general questions about which land use activities could adversely affect their water sources and how
water sources should best be managed. When asked, “do you think an increase in groundwater aquifer
use is appropriate?” Seventy one percent of respondents felt they needed more information. This
response highlights the lack of knowledge about the groundwater resource in the Hatzic Valley and the

need for technical investigations to determine the extent of the resource.

A question regarding land use asked, “How important is each of the following activities in causing water
quality problems?” The responses are presented in figure 48, In general, over 50% of respondents felt
that chemicals from farming, manure from farming, industrial activity and fertilizer from farming were

very important in causing water quality problems. Aggregate extraction was considered very important
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by 47% of respondents and septic systems by only 45% of respondents.
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Figure 48. Response to the question “How important are these activities in causing water quality
problems?”

Following the questions about the importance of certain activities in causing water quality problems
participanis were asked for opinions about the appropriateness of various management techsiques for
managing groundwater resources (shown in figure 49). People felt the most important strategy would be
to Hmit industrial development, 58% felt this was very important, Restrictions on manure allocations and
fertilizer applications were seen as being very appropriate strategies by 47% and 50% of respondents
respectively. In addition to questions about specific strategics for managing groundwater, participants
were asked if they favoured voluntary, regulatory or a combination of both strategies for managing

groundwater resources. Sixty-four percent of respondents favoured a mixture of regulatory and voluntary

initiatives.

80



Restrict urban
development

Restrict industrial
development

Regulate land use

Introduction of a municipal
sewer system

Control road runoff

Septic system regulations

Restrict lawn & garden
use of chemicals

Restrictions on manure
applications

Restriction on fertilizer use
in agriculture

AT oy
._ | | ’ i | 3
0% ' 20% 40% 60% 80% 100%
Percentage of respondants.
O Extremely Appropriate ® Extremely Appropriate B Moderate @ Moderate & Not appropriate & Not Appropriate ‘

Figure 49. Responses to the questions “How appropriate do you think the following strategies are
for managing groundwater resources”

A final question that related directly to knowledge or opinion of groundwater sources was intended to
gauge knowledge about interactions between groundwater and stream water. Participants were asked,
“To what extent do you think use of the groundwater aquifer affects the local rivers?” The breakdown of

responses 15 found in table 20. In general most respondents were aware that groundwater and stream

water interact with each other.

Table 20. Groundwater Impact on Local Rivers

Significant Impact Some Impact No Impact
River Flow n=17 27.4% n=29 46.7% n=16 | 25.8%
Water Quality n=24 38.7% n=22 35.5% n=16 | 25.8%

4.8 1c Treatment

Several questions were asked about the treatment practices of well owners in the Hatzic watershed. Until

recently there were no requirements for groundwater treatment anywhere in
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British Columbia. However, the recently amended Drinking Water Protection Regulation requires that,
“... drinking water from a water supply system must be disinfected if the water originates from (a)
surface water, or (b) ground water that, in the opinion of a drinking water officer, is af risk of containing
pathogens”(emphasis mine) (B.C. REG200/2003). This section of the regulation does not apply to the
individual wells that supply water to most residents of the Hatzic Valiey. According to the survey results
very few residents of the Hatzic Valley treat their water. We asked questions about filtration and other
treatment practices and found fhat although 86% of those surveved drink the water from their wells most
people in the valley do not filter their water or treat it in any other way. Thirty-two percent of
respondents filter their water and only 7% percent treat thelr water in any other way. Additionally 15%
of respondents always or often drink bottled waﬁcr at home as opposed to 65% who never do. A

remaining 20% sometimes drink bottled water at home.

4.8.1d Monitoring
When asked about monitoring, only 12 % of respondents were found to have tested their well once a year

or more than once a year. Fourteen percent tested their water every 2 to 3 years. Forty percent said
“other”, which is assumed to mean less frequently than every three years. Six percent said they had tested
their well once when drilled and 28% never tested their well. It is assumed, therefore, that 74% of
participants test their wells very infrequently. Most community water systems are required to test their
water much more frequently than once per year and of the respondents who sample their water more than
once a year, one selis bottled water from their spring and the others are community water systerns that

serve multiple households and are likely regutated to do use.

Table 21. Frequency of Chemical and Biological Tesiing
Frequency Number Percent
More than once a year 4 6%
Once a year 4 6%
Every 2 years 3 4%
Every 3 years 7 10%
Other 2% 40%
Tested when drifled 4 6%
Never Tested 20 28%

4.8.2 Regional Variation in Survey Response
There was no correlation between perceptions of water quality and location; people living on AQ1 were

just as likely as people living on AQ3 to feel their water quality was excellent or good. Despite similar

perceptions of water quality there was a significant correlation (r = 0,344 at «. 0.01) between location and
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whether the residents filtered their water or not; those living on AQ1 are more likely to filter their water

than those living on the other aquifers (see table 22 for details).

Table 22. Cross-tab: Location vs. Filtration.

Do you filter your
well water?
Yes No Total
Location  AQ1 | 13(34%) | 11 24
AQ2 | 6(31%) 12 19
AQ3 | 5(16%) 26 31
Total | 24 50 74

When looking at the measures of intuitive toxicology there was a significant correlation between location
and the importance of smell and taste as a water quality indicator (r= -0.371 at o 0.01). These factors
were less important to people surveyed from AQ1 (47% rated it as most important) than from AQ2 (64%)
or AQ3 (83%). Other factors such as visibie abnormalities in the water, colour and cloudiness and the
presence of particulale matter in the glass were also seen as being quite important indicators throughout
the watershed but of these; cloudiness (r = -0.249), colour (r = -0.285), visible particulate matter in the
glass (-0.277) and incidence of gastrointestinal illness in the community (r = -0.247) were also
significantly correlated with location (all at « 0.05). In all cases the indicators were more important to
people who lived on AQ3 than to those living on AQ1. The importance of the depth to the water table as
an indicator of water quality alse had regional variation in the responses (r = -0.326, 0.01). Table 23
shows that depth to the water table is a more important indicator of water quality for residents of AQ3
that for those who live on AQ1. This is interesting because the residents of AQ! have significantly
shallower wells than the residents of AQ3. Perhaps residents of AQ1 place less importance on water

table depth as an indicator of water quality because they have no choice but to have shallower wells.

Table 23. Cross-Tab: Location vs. depth to water table
How important is depth of water table as a
guide for indicating the quality of your water?
Very Semewhat Not Total
Important Important Important

Aguifer  AQ1 8 (4G%) 1t I 20
AQ2 9 (60%) 3 3 15
AQ3 21 (72%) 6 2 29
Total 38 20 5 64

People from different parts of the aquifer placed different levels of importance on different land use
activities. There was a significant positive correlation between aggregate extraction and location (r =
0.0419 at 0 0.01). This activity was seen as more important by residents in the north of the valley where,
as mentioned in chapter 3, there is local confroversy over the development of a quarry. Table 24 shows

the breakdown of the responses to this question based on aquifer. Likely related to this is that industrial
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activity was also seen as a bigger problem by people from AQ3 than from AQ1 or AQ2 (correlation

coefficient 0.308 at « 0.05).

Table 24. Cross-tab: Location vs. aggregate extraction
How important is aggregate extraction in
causing water quality problems?
Not Moderately Extremely
important important Important Total
Location AQ1 4 9 8 (38%) 21
AQ2 3 4 7 (50%) 14
AQ3 0 5 22 (81%) 27
Total 7 18 37 62
4.8.2a Septic Systermns

In rural areas one of the potential point sources of groundwater contamination is septic systems (Jaffe and
DiNovo, 1987) and as discussed prevfbﬁgfy septic systems are the likely source of nitrate contamination
on Hatzic Island. When working properly septic systems are effective at treating waste generated by
individual homes, however service and proper siting are essential to maintain well functioning septic
systems. FEveryone surveyed had a private septic system with which to treat his or her household waste.
However, opinions about how important septic systems are in causing water quality problems and the
appropriatencss of potential solutions show the greatest regional variation of ali issues. The first regional
difference was seen in the responses to the questions about how important septic systems were in causing
water quality problems. The responses to this question were significantly correlated with location (r = -
0.304  0.05). Residents of AQ1 thought that septic systems were a much more important factor in

causing water quality problems than did the residents of the other two aquifers.

Table 25. Cross-tabs: Location vs. Importance of Septic Systems

How important are septic systems in
causing water quality probiems?
Not Moderately Extremely
important important Important | Total
Location AQ1 1 2 19 (86%) 22

AQ2 6 4 8 (57%) 14
AQ3 3 8 15 (57%) 26
Total 6 14 24 62

When asked about which strategies were most appropriate for managing groundwater resources opinion
on strategies that related to septic systems also differed between aquifers, There was a significant
negative correlation between location and response to the guestion “how appropriate do you think the
introduction of septic system monitoring and servicing regulations is for managing groundwater
resources” (r= —0.273 at a 0.05). Shghtly more residents from the south of the valley found this

appropriate than those from the north. The question with the largest split in opinion was, “How
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appropriate do you think the introduction of a municipal sewer system is for managing groundwater
resources.” Sixty-eight percent of respondents from AQI felt this was a very appropriate strategy
whereas 45% of respondents from AQ3 felt it was very inappropriate. The responses are presented in

table 26. The responses for this question were significantly correlated with location (r= -0.322 at «
0.05).

Table 26. Cross-tabs: Location vs. Sewer System Installation
Is the introduction of a municipal sewer system an
appropriate strategy for managing groundwater
resources?
Not Moderately Extremely
Appropriate Appropriate Appropriate Totai
Location  AQ1 6 1 15 (68%) 22
AQ2 3 5 4 (33%) 12
AQ3 11 (45%) 3 5 (20%) 24
Total 20 14 24 58

Some of the reasons for these discrepancies in response can perhaps be explained by the breakdown of
the responses to the question “How close is your septic system to your well?” As with the previous
questions related to septic systems there is a significant correlation between the responses to this question
and location (correlation coefficient 0.291, « 0.05). Sixty-one percent of those living on AQ1 reported
their septic systems as being between 0 and 30 metres from their well as opposed to only 17% of
residents of AQ2 and 25% of those living on AQ3. In contrast, 44% of people from AQ3 reported their
seplic system as being farther than 50 m from their weli. Finally, residents were asked questions about
how frequently they serviced their septic systems. Very few residents serviced their systems more
frequently than every five years. The residents of AQ1 serviced their systems much more frequently than
people living on the other aquifers (r = 0.251 « 0.05). Eighty percent of those living on AQ1 service their
septic syétems between 1-5 years as opposed to only 37% of AQ2 residents and 55% of AQ3 residents
who do the same. These results suggest that although the residents of AQ1 are more concerned about
their septic systems being a possible cause of groundwater contamination because of the proximity to
their wells to their septié systems than residents of the other aquifers they are also trying {o minimize the
risks of contamination from their septic systems by servicing them slightly more frequently. In AQ3,
where septic systems are farther away from homes and welis there is less potential for contamination

trom these sources and therefore they cause less concern.

4.8.3 Other Correlations
As mentioned above, most of the residents of the Hatzic Valley perceive their water quality as being good

or excellent. There is a positive correlation between people’s perception of their water quality and
whether or not they drink their water (r=0.528, ¢ 0.01). Those with good perception of their drinking
water are also less likely to drink bottled water at home (r = 0.397 at o 0.01), of the 8 people who rated
their water quality as fair to poor, five (63%) always drink bottled water at home whereas 45 of the 59
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people (76%) who perceive the guality of their water as excellent never drink bottled water at home.
There is a small but significant positive correlation between water quality perception and those who have
had chemical or bacterial exceedances in their well water (r = 0.258, « 0.05); people are more likely to
have a negative impression of their water quality if they have previously exceeded the water quality
guidelines. There was no correlation between frequency of monitoring and perception of water quality
nor was there any correlation between the perception of quality and whether people filter théir water.
Twenty people who felt they had excellent water quality filtered their water while 39 did not (as
mentioned above incidence of filtration did relate to aquifer location — which is also not related to water

quality perception). See table 27 for the numbers of people who filtered their water and those who do not

compared with water quality perceptions.

Table 27, Cross-Tab: Water Quality Perception vs. Filtration
o Do you Filter your well
Water?
| - Yes No Total
What is your perception of  Excellent-Good 20 39 59
your water quality? Moderate 1 8 7
{grouped info 3 ranks) Fair-Poor 3 5 8
Total 24 50 74 |

4.8.2a Water Quality Perception and Chemical Parameters
As mentioned previously, the majority of residents of the Hatzic Valley, regardless of the aquifer they

live on, perceive their water quality as being excellent or good. The water quality analysis done for this
study confirms these perceptions. Interestingly correlations between water quality perception and the
chemical parameters measured showed that those who perceived their water quality as poor were more
likely to have higher levels of iron (r = 0.417 at & 0.01) or manganese (r = 0.252 at o 0.05) in their water
(see table 28). There was no correlation between nitrate levels and water quality perception. Of the
péopie with nitrate levels above 3 mg/L only one participant ranked their groundwater quality less than
good. Both of the well owners who bad nitrate above the health standards perceived their water quality as

excelient and remarked that they always drank their well water.
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Table 28. Spearman’s Correlation (r): Drinking Water Perception

Do Doyou DO percapion
NO»-N Cu Fe Mn filter your y of water ~

you well well water? well water uality
water? " another way uatity

NO,-N 1

Cu 216 1 Spearman’s rank correlation coefficient

' ' (¥*) = Significant at a 0.01

Fe -622 111 1 (*) = Significant at o 0.05

Mn -210 =033 5530

Do youdrinkyour: o1 124 345 206

well water?

Doyoufilleryour | nci g0 088  -031 026 !

well water?

Do you treat your _

well water 274(*%y 010 =070 020 -133 J68(**) 1

another way?

Perception of ) ) - " o i i o

water quality 161 0320 457(%*%)y 252(%)  .512(*%) 044 314(%%) 1

Based on the results of chemical testing and the survey responses it is evident that the residents are basing
their water quality perceptions largely on tangible (intuitive} indicators of water quality rather than on the
results of chemical analysis. Nitrate, a parameter with negative health implications, is tasteless and
odourless. Iron and manganese, on the other hand, are visible nuisance parameters in tap water when
present at high enough concentrations, that is, their presence can be discerned without sending water
samples to a laboratory for analysis. The basing of perceptions on tangible indicators of groundwater
quality is not surprising as the survey revealed that most residents test their groundwater infrequently.
Many water quality problems such as elevated levels of coliforms and other pathogens can also only be
detected through laboratory analysis. By not testing well water more frequently and basing perception of

water quality only on tangible indicators residents may be exposing themselves to potential health
hazards.
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5.0 Summafy and Conclusions

The objectives of this project were to determine the quality of drinking water in the Hatzic Valley (with a
focus on groundwater quality), investigate the links between groundwater, surface water and land use, to
find out how local residents perceive their water quality and to compare the scientific results with those
perceived by the residents. Field research was conducted in the Hatzic watershed in British Columbia’s
Lower Fraser Valley. Groundwater samples were taken from drinking water wells with the help of local
residents. The water quality was determined for 75 wells that were sampled in July 2002 and again in
March 2003. Surface water samples were collected at 19 stations on a semi-monthly basis between May
2002 and May 2003. A land use databasc was created using a GIS and the percentages of the four
predominant land uses (forest, agriculture, rural residential and urban) were calculated within 50, 100 and
200 m radii of the welig:“sampled and within 100 m of the streams sampled. The perceptions and opinions
of local residents wereﬂ céllected through a survey questionnaire that was collected at the same time as the

water samples. Non-parametric statistical techniques were used to link the three types of data.

5.1 Summary

The results show that the groundwater quality is relatively good based on the parameters measured in this
study. Of the 75 groundwater wells tested, only 2 (2.6%) had nitrate levels above the GCDWQ standard
of 10.mg/L nitrate-N and 12 (16% - including the 2 mentioned above) had nitrate-N values above 3 mg/L.
(the level which is generally considered to be an indicator of land use impacts). Several other wells were
above the GCDWQ for aesthetic objectives such as iron and manganese. These compounds are a

nuisance in water, but they do not represent a direct threat to human health.

5.1.1 Differences between Aguifers
It was discovered early in the rescarch that the study area encompassed three distinct aquifers. The

results of significance testing showed that the chemistry of AQ1 (the southernmost aquifer) is
significantly different based on St, Ca, Mg, Sr, PO, and Na than that of AQ2 and AQ3. The difference in
water quality between AQ2 and AQ3 is not as pronounced and it may be that these aquifers have similar
substrates or that the water from AQ3 flows south towards AQ2 and that these two aquifers are part of a
continuous flow system. In addition to the three main aquifers it was determined that four wells in the
region tap into a deep regional aquifer system with highly saline water. These wells had abnormally high
conductivity (up to two orders of magnitude higher than the majority of wells sampled) as well as high
levels of many other parameters. Although these wells are located on AQ2 they have chemistry unique
from the other shallower wells sampled on this aquifer. Another local anomaly, shallow welis on AQ3,

likely tap into small perched aquifers that are dispersed among the thick clay/till aquitard that confines the

main aquifer in this area,
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5.1.2 Nitrate and Depth

There was a strong relationship between nitrate level and depth. The wells that had nitrate levels hi gher
than 3 mg/L. were all shallow weils, less than 12 m deep. The only wells with a change in nitrate level
more than 1 mg/L. between winter and summer were also less than 12 m deep. These two relationships
highlight how important the depth of the wells is in determining nitrate levels. Shallower wells appear to
be more prone to contamination from surface sources than deeper wells. No other parameters showed

similar relationships with depth suggesting that the nitrate levels are refated to human activity whereas the

levels of other parameters are not.

5.1.3 Nitrate and Land Use.

Significant negative correlations were found between nitrate levels and the percentage of forest
surrounding the wells and significant positive correlations were found between nitrate levels and the o
pércentage. of urban land surroundi;lg the wells. A significant relationship between nitrate in groundwatér
and agriculture was not seen despite the fact that this relationship has been observed elsewhere in the
Lower Fraser Valley. The likely source of nitrate in the urban areas is septic systems. On Hatzic Island,
especially, the water table is high at some points in the year, which may impede the proper functioning of
septic systems causing nitrate to leach into the groundwater. The results show that the wells af most risk

of nitrate contamination are shallow wells (<12 m) in urban areas.

5.1.4 Surface Water Conditions.
The water quality in the streams appcars good based on the parameters measured. Nitrate levels at all

stations were below 3 mg/L throughout the sampling period. However, it should be kept in mind that the
stream sampling was limited to a few nutrients and did not include metals or sediment sampling. For the
parameters that were measured, the following trends were seen. As expected, temperature and
conductivity were higher in summer than in winter. Both of these parameters tended to increase
throughou‘{ the length of the watershed. Locally high levels of conductivity were seen in the upstream
areas of some of the tributaries and diluted further downstream were also seen. Nitrate, on the other
hand, increased in the winter (especially in November) and decreased in the summer. The highest stream

nitrate levels were recorded at station 13; the levels decreased further downstream due to dilution from

other tributaries.

5.1.5 Land use impacts on surface water quality

Significant relationships were seen between land use and 1) conductivity and 2) temperature. Stream
temperature was lower when a greater percentage of the stream reach was forested and higher in the
stream reaches with greater percentages of agricultural land, This relationship was repeated for

conductivity. Because the headwaters of the streams are in granitic rocks and the lower reaches of the
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stream flow through areas where parent material is predominantly sand and gravel, the higher
~ conductivity that was seen in the downstream reaches is fikely due to the change from forested land to

agricultural activity rather than geological factors.

These results show that the land use in the Hatzic Valley influences the water quality in the streams that
run through the valley. The impact of agriculture on nitrate fevels was only seen locally whereas
significant correlations between temperature and conductivity and amount of agricultural or forested land
were seen throughout the watershed, suggesting that there are cumulative impacts from the changing land

use, which is increasingly agricultural as one moves downstream.

5.1.6 Groundwater and Surface Water Interactions
Based on the information available about the stream water and groundwater it seems likely that the

streams in the Vicinity of Duricu Road (stations 8-10) are directly recharged by groundwater in the
summer. The water at these stations is cooler in summer and has higher conductivity than that measured
at surrounding stations, suggesting that groundwater accounts for a significant portion of base flow in
these areas. Since the nitrate in the streams was Jower in summer than in winter this suggests that

groundwater does not contaminate streams in the Hatzic Valley as it does in other areas of the Lower

Fraser Valley.

Throughout the valley, direct relationships between surface water and groundwater cannot be seen;
however, since a strong relationship exists between levels of nitrate in groundwater and depths of wells it
is assumed that land based sources of nitrate are impacting these shallow wells, Flooding is a problem in
the Hatzic Valley and could cause negative impacts on groundwater if surface water is able to back-flow
into wells during times of high water. In the area of Hatzic Island the water table is very high. It is likely

that there is continuous interaction between lake water and groundwater in this area.

5.1.7 Perceptions
The majority of the residents of the Hatzic valley perceive their water quality to be good to excellent.

Water quality testing revealed that in general, water quality through the valley could be classified as good
to excelient meaning that most residents were not wrong in their perceptions. These perceptions wete
significantly correlated with levels of iron and manganese measured in the water. Those with poor
opinion of their water quality were more likely to have high levels of these two elements. Iron and
manganese are nuisance chemicals in water that produce unpleasant taste as well as staining of fixtures
and laundry. Nitrate, which was not correlated with water quality perception, is tasteless and odourless.

Since most residents test their drinking water infrequently it is, perhaps, not surprising that water quality
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perceptions were partly based on a tangible parameter such as iron rather than on an invisible one like

nitrate.

Regional differences were seen in many of the surv:ey answers with residents from AQ3 placing greater
emphasis on the importance on the various measures of “intuitive toxicology” than those who lived on
AQL The residents of AQ1 (which includes Hatzic Island) were also far more concerned about the
effects of septic systems on water quality than those who lived elsewhere. As water quality testing
showed clear correlations between nitrate levels and percentage of urbanisation surrounding wells it
seems that the concerns of those living on AQ] are not unfounded. However the opintons of those living
on AQ3 are also valid given that those living on AQI are more likely to have their septic systems located
within 30 m of their wells than those who lived in other parts of the valley. Sixty-eight percent of those
hiving in the south of the valley felt that the introduction of a municipal sewer system would be a very
appropriate measure to saféguard water quality while 45% of those living on AQ3 felt this straté:gy was
extremely inappropriate. Again, the differences in housing density in these two areas probably explain

the differences in the responses malking neither opinion invalid.

5.2 Recommendations

5.2.1 Hatzic Island
The majority of wells with high levels of nitrate were located in urban areas on Hatzic Island. Further

testing of wells for nitrate and pathogens on the island is recommended to determine the extent of
groundwater contamination in this arca. If further sampling reveals widespread areas of nitrate

contamination steps will need to be taken to try and alleviate the problem.

Local solutions should be attempted before in implementation of large new infrastructure in the area,
Homeowners should ensure they are servicing their septic systems on a regular basis as well as ensuring
that individual wells are properly constructed and sealed. If these preventive measures are not sufficient
to improve groundwater quality the FVRD may have to consider alternate sources of drinking water or
sewage treatment for the island. Some of the options that should be considered to improve the quality of
drinking water on Hatzic Island include the following, development of centralized sewage collection,
piping in treated drinking water from a nearby municipality, providing local residents with bottled water
for domestic consumption, or installation of point of use treatment for residents with contaminated water,
Many of these options will be much more expensive than the status quo and it is beyond the scope of this
project to complete a full cost benefit analysis and offer a conclusive recommendation. In considering

options to improve drinking water quality on Hatzic Island the following factors must be considered:

1. Will the quality of water improve?
2. Will there be impacts on the ecosystem (i.¢. Hatzic Lake) from the action?
3. What is the initial and long term cost of the action?
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It should be remembered that while the quality of water from several of the wells on Hatzic Island 1s of
concern, it is relatively good compared to the water found in other aquifers in the Lower Fraser Valley

where nitrate levels as high as 45 mg/l have been recorded (Carmichael et al., 1995)

5.2.2 Other Impacted Wells

All of the wells with high nitrate levels were shallower than 12 m. Although many of the high nitrate
wells were concentrated in the urban areas in Hatzic Island others, (including the well with the highest
nitrate value in summer) are located throughout the valley in areas with different land uses. Studies in
other parts of the LFV have linked elevated nitrate with agricultural activities. Although agriculture does
not appear to have a widespread impact on the groundwater quality in the Hatzic valley it is
recommended that homeowners with shallow wells monitor their wells more frequently for nitrate and
pathogens (total and fecal coliforms) regardless of the land-use surrounding their well, If agricultural
activity in the valley intensifies in the future more widespread nitrate contamination may be scen. Special
attention should be paid to shallow wells on AQ1 in the area just east of Hatzic Island, as this is where the
second greatest concentration of wells with nitrate levels above 3 mg/L was seen. It may be appropriate

to include this area in any long term plans for alternate drinking water delivery that are developed for

Hatzic Island.

5.2.3 Other Factors Influencing Water Quality
Although not discussed in this project, it is known that the Hatzic Valley is prone to floeding and sfope

instability. These issues have been discussed at length in many government and consuftant reports (these
are summarized by Hogan (2001)). The instability and flooding will have implications for any future
groundwater management options. Flooding is of special concern for groundwater quality as wells can
become contaminated during periods of high water by direct surface water influence on the wells
(flooding of the town’s water supply was directly linked to the contamination in Walkerton). Any future

actions to improve drinking water quality in the area will have to consider the impacts that flooding or

landslides would have on the water quality.

5.3 Conclusions

The residents of the Hatzic Vailey are lucky; their groundwater has not been highly impacted by human
activity (land use) like some of the other aquifers in the Lower Fraser Valtey. There are, however,
localized areas that should be monitored to ensure they do not deteriorate further. Hatzic Island is the
main area of concern. The density of septic systems and proximity of wells to septic systems in the
subdivisions on the island are a cause for concern. Elevated nitrate levels were found ig these areas and
further monitoring is recommended to determine how widespread these problems are. Considering the

high seasonal increase in population on Hatzic Island during the suramer, steps should be taken to
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consider a new source of drinking water for this area especially for those living in the subdivisions. All
incidences of elevated nitrate are confined to wells less than 12 m deep; therefore these wells should be

monitored closely at locations throughout the valley.

This project has provided the first set of waler quality information that spans all three aquifers located in
the Hatzic Watershed. It provides valuable base-line data that can help both residents and the regional
district to better understand processes in the watershed that might negatively affect groundwater quality.
Establishing this sort of information ig particularly important for developing appropriate public policy

with regards to future land use planning in the Hatzic Watershed,
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Appendixes
Appendix 1 - Initial Contact Letter
UBC-FVRD Groundwater Study looking for volunteer well-owners.

The Institute for Resources and Environment at the University of British Columbia in collaboration with
the Fraser Valley Regional District is carrying out a groundwater study in the Hatzic watershed to
determine the quality of the groundwater and the linkages between land use, groundwater and stream-
water. We plan to select some 100 wells for water quality analysis and we will test the well-water in late
July 2002 and in February 2003 (The anticipated July sampling date is Monday, July 29™). Participation
in the study is on a voluntary and confidential basis; it will give well owners an opportunity to get their
water tested in the UBC laboratories at no cost, and they will be provided with a report on the general
status of the drinking water in the watershed at the end of the study.

The aims of the project are to examine the chemiical composition of the water, identify potential sources
of contamination, study the direction of groundwater movement and propose options to maintain or
improve the water quality conditions. The project will be carried out with the help of volunteers and
students and we need participating well owners that fit owr sampimg design in relation to well depth,
spatial distribution, well age, and capacity of the well.

Those willing to participate should contact Bill Walsh at the North Fraser Community Futures Office,
indicate that they are calling regarding the Hatzic Groundwater Study and leave their name and contact

number (tel. or email) and their mailing address, as well as information on the well depth and the
approximate age of the well.

We will contact you in mid July, at which time we will provide you with water sampling bottles and
instructions on how, and when to collect the water from your tap. Volunteers will help in the distribution

and collection of the water samples and you will be informed of the results within one month of the
sampie analysis.

Your participation and cooperation in this study is much appreciated.

If you are willing to participate in the study please contact Bill Walsh at (604) 826-6252 ex 120
or e-mail Simone Magwood at magwood@interchange.ube.ca

If you have any questions do not hesitate to contact:

Simone Magwood Bill Walsh Graham Daneluz

MSc. Candidate Watershed Stewardship Planner I - Long Range

Enstitute for Resources and Coordinator TFraser Valley Regional District
Environment North Fraser Valley Area 8430 Cessna Drive, Chilliwack,
University of British Columbia Community Futures Development BC V2P 7K4

Vancouver, B.C. V6T 123 Corporation Tel: 1-860-528-0061 or 604 702-
Tel: 604-435-0442 32286 Fletcher Avenue 5600

Email; Mission, B.C. V2V 35T1 Fax: 604 792-9684
magwood@mierchange.ube.ca Tel: (604) 826-6252 ex 210
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Appendix 2 — News Release

NEWS RELEASE FOR IMMEDIATE RELEASE
04 JULY 2002

Participants Required for UBC-FVRD Groundwater Stady
BC is rapidly waking up to the fact that water is a precious resource that must be protected.

One of the leaders in innovative waier research, the Institute for Resources and Environment at UBC, is

sponsoring a groundwater study in the Hatzic watershed, in collaboration with the Fraser Valley Regional
District.

The stady goals are to determine the quality of the groundwater, and the linkages between land use,
groundwater and stream-water. The plan is to select some 100 wells within the Hatzic watershed for
water quality analysis. Testing will commence in late July. Participation in the study is on a voluntary and

confidential basis. All participants who are selected will receive free testing of their water in the UBC
labs, and will receive a final report,

The project will examine the chemical composition of the water, identify potential sources of
contamination, study the direction of groundwater movement and propose options to maintain or improve
the water quality conditions. The project will be carried out with the help of volunteers and students. As
the aim of the study is to sample wells that represent different areas, depths, age and capacity of the wells,
it is recommended that you sign up early to ensure your well gets tested.

To participate contact Bill Walsh of North Fraser Community Futures at 604-826-6252, ext. 120. Leave
your name, contact number, mailing address, well depth and approximate age of your well.

For more information on the study itself, contact Simone Magwood at magwood(@interchange.ubc.ca.
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Appendix 3 — Instruction Letter

Hatzic Watershed Groundwater Survey July 24, 2002

Thank you for participating in the groundwater survey. The sampling of your well is scheduled for
Monday, July 29, 2002. On Monday morning July 29, 2002 between 7 and 9 am we would like you to
let your tap run for 5 minutes and then fill the bottle. Put your name and address on the bottle and a
volunteer will pick up the bottle between 9 and 11 am. If you are not at home during that time period
please leave the bottle on your front step (or inform us of an alternate location). Make sure the water stays

cool (do not put it into the sun). Enclosed with the bottle is a questionnaire, which we would like you to
fill out and attach to the bottle or mail to the UBC address below,

You will be informed by mail of the result of the analysis in August. We will examine the nitrate,
ammonia, phosphate, and salt content in the first set of samples and will do a follow up survey on
selective wells for microbial contamination. We plan to conduct a second survey in February and hope

you are willing to continue to collaborate with us at that time. If you have any questions do not hesitate to
contact us.

We would like to thank you for your collaboration.

Simone Magwood Biifl Walsh

MSe¢. Candidate : Watershed Stewardship Coordinator
Institute for Resources and Environment North Fraser Valley Area

University of British Columbia Comnmmnity Futares Development Corporation
YVancouver, B.C, V6T 173 32286 Fletcher Ave,

Tel: 604-822-9245 Mission, B.C. V2V 5T1

Enail: magwood@interchange.ubc.ca {604) 826-622 ex 210
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Appendix 4 ~ Report Back Letter

«Owner»

«Number» «Owner Address»
«City»

«Postal Coden

April 13,2004
Results of the Juiy 2002 Well Water Survey

Dear Participant

Thank you for participating in the well water survey. We appreciate your time and effort.

The following results were obtained for the recent well water analysis:

«Nitrate_ppm_N» mg/L. of Nitrate-N

«Conductivity_micro_ MHO»umhos/cm Conductivity
(salt content)

Nitrate-N: Values greater than 10 mg/L are considered a health concern, 10 mg/L is the National Health
Standard, Water with Nitrate-N levels between 7 and 9.9 mg/L is of concern and is likely impacted by

different land use activities (fertilizers, manure, or septic system effluent). Levels below 3 mg/L are of
little concern and considered unpoliuted water,

Conductivity: Water with less than 100 umhos/cm is considered to be “soft” water with low salt content.
Water with greater than 500 umhos/cm is considered to be “hard” water with relatively high salt content.
These measurements are not a health concern but they give us an idea about the source of water, the
geological formation and the land use influence.

Additional tests will be done on selective metals but the data will not be available until the February
survey is completed.

We hope to do a follow-up analysis in February when the groundwater table is low, and we hope you
will once again participate. We will contact you closer to the time.

Sincerely yours,

Sirnone Magwood Bill Walsh
IRE-UBRC Stewardship Coordinator
604,822,9245 Commnuunity Futures Development Corporation of North Fraser:

6048266252
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Appendix 5 Survey

UBC Institute for Resources and Environment
oy The Univérsity of British Columbia

I (g +
W Vaneeuver, B.C.

GROUNDWATER SURVEY

UBC and the Fraser Vailey Regionai District are collaborating on a comprehensive groundwater study and we would
appreciate your collaberation In filling in this questionnaire. The completion of this questionnaire is voluntary and your

response will remain confidential, but your input would significantly improve our understanding of water qualify in the
area.

Please answer by placing an X in the approptiate box or by filling in the space.

1. How many years have you been using your well? 1a. How many people does your well serve?

[ [ Years | 7 ! i People }

2. How deep is your well?
| | Feet ] or | , Metres ]

3. Do vou drink your weil-water?
| YES 1 i L NoO | | | SOMETIMES | i

4. Do you filter your well-water?
L YBS | ] L NO ] }

ITYES, what kind of filter do you use?

5. Do you treat your water in any other way?
L YES ] 1 L NOo

If YES, bow de you treat your watex?

6. Do you drink bottled water at home?
[ ALWAYS | | | OFTEN | ! | SOMETIMES | | NEVER | ]

7. Does vour well provide sufficient water throughout the year?

[ YES | i l_NO | |
8. Are you engaged in: (Piease place an X in the boxes that best represent the amount of activity)
Occupation : Full-time Part-time Never
Farming / Agriculture

Other professional service

9. What is your perception of the water quality from your well?

{EXCELLENT | | | GOOD | | [MODERATE | | [FAR ] | [POOR | ]
10. Po you think an increase in groundwater aguifer use is appropriate?
YES LIMITED USE NEED MORE NO
ONLY _ INFO
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1. How important is each of the fellowing activities in causing water quality problems?
{Please circle the number that best represents the importance of each activity)

STRATEGY. Extremely important Mederately important Not at all important
11a | Fanming (fertilizer use) 5 L 3 2 1 0
11b | Farming (manure use) 3 4 3 2 i 0
Il¢ | Farming (chemicals) 5 4 3 2 1 0
11d i Hobby farms 5 4 3 2 1 0
ile | Lawn fertilization 3 4 3 2 1 0
11f | Golf course management 5 4 3 2 1 0
g | Septic systems 5 4 3 2 1 {}
I1h | Industrial activity 3 4 3 2 i 0
i | Agpregate Extraction 3 4 3 2 I ¢
11j | Other 5 4 3 2 1 0
12, To what extent do you think use of the groundwater aguifer affects the locat rivers?

River flow Significant impact Some impact No impact

Water quality | Significant impact Some tmpact No impact

13. What type of management approach do vou favour?

Voluntary i ] l Regulation I } ‘ ! A Combination I

14, How appropriate do you think the foliowing strategies are for managing groundwater resources?
{Picase circle the number that best represents the impertance of each activity)

STRATEGY Extremely appropriate Moderate Not appropriate
Ma | Restriction on fertilizer use in agriculiure 3 4 3 2 1 0
14b | Restrictions on manure applications 3 4 3 2 1 O
14¢ | Restrict lawn & garden use of chemicals 5 4 3 2 1 0
f4d | Introduce septic system monitoring & 5 4 3 2 i Q
servicing regulations
14e § Control road runoff 3 4 3 2 1 0
14f ¢ Introduction of a municipal sewer system 5 4 3 2 1 0
i4g | Regulate land use 5 4 3 2 1 0
14h | Restrict industrial development 3 4 3 2 1 0
14i | Restrict urban development 5 4 3 2 1 0
Other 5 4 3 2 1 0
15, What type of land use activity occurs within 100 m of your well?
16. Have you had any problems with your well?
17, How often do you test your well? (Please Check the Appropriate Box)
Once a Year Every 2 Years Every 3 Years Other
Bacteria
Chemical

18. Have you had any chemical and bacterial exceedances in your well water. If YES, explain

I I P [ |

19. Do you have a septic system? If YES, How close if your septic system to your well (in mefres)

l l P ! | |

20. When was your septic system installed?

1 |- |
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21. How often do you service your system? (Please circle the correct response)
Onee/ Year  © | Once/2 years Once/3 Years
Once/ 5 Years Onece/10 years Never

22, How likely is it that you or someone in your family will suffer the effects of:

Highly likely Likely Very Unlikely
22a | Natural Disasters such as flooding 5 4 3 2 1 0
or carthquakes .
22b | Air Quality in the Region 5 4 3 2 l 0
22¢ | Pesticide Residue in local air, water 5 4 3 2 I 0
or soil )
22d | Downstream Effects of Industrial 5 4 3 2 1 0
Pollution
22e | Fecal Coliform in Drinking Water 5 4 3 2 1 ¢
23. How much control do you see yourself as having over any risks posed by the following:
' No Control Some Control Much Control
23a | Natural Disasters such as flooding 5 4 3 2 H 0
.1 or earthquakes i
23b 1 Air Quality in the Region 5 4 3 2 ! 0
23c | Pesticide Residue in local air, water 5 -4 3 2 i 0
or seil :
23d | Downstream Effects of Industrial 5 4 3 2 1 0
Pollution
23¢ | Fecal Coliform in Drinking Water 5 4 3 2 1 G
24, How important are the foliowing as a guide for indicating the quality of your water?:
Not at all Important Very Important
24a | Smell/ Taste 7 6 5 4 3 2 1
24b | Cloudiness 7 6 5 4 3 Z i
24c | Colour 7 6 5 4 3 2 1
24d | Visible Abnormalities {e.g., change 7 6 5 4 3 2 1

in colour)

24¢ | Depth of Water Table

24f | Amount of visible particulate matter
in a glass of water

-1
[0
58
I
joe
(%]
-

Rt |
=3
wn
=
[¥S]
2
—

24g | Local Newspaper reports on the 7 6 3 4 3 2 1
quality of nearby bodies of water
24k | Multiple incidents of gastrointestinal 7 6 5 4 3 2 i

illizess in the community

Circle the answer that you feel is most correct:

25. If you are exposed to even the smallest amount of a water-borne pathogen such as E-coli or Giardia, you are likely to suffer
adverse health effects .

| Strongly Agree | Agree | Disagree | Strongly Disagree |

26. Your health will not be negatively affected by pesticides unless you are exposed to a lot of the chemical over a lon g periad of
time.

| Agree | Disagree i

27, Most water quality risks can be eliminated by a corumon househeld filter.

| Agree | Disagree ’

28, People are unnecessarily frightened about very small amounts of contaminants found in groundwater

! Agree E Disagree ]
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29. On the whele, the risks to human health posed by water quality problems are far greater than the risks posed to the local fish,
flora and fauna. '

Agree | Disagree i

30.. Tn order to arrive at a sustainable use of the grovmdwater resources ...
A, What do you think you could do as an individual?

B. What should the municipality do to improve the situation?

C. What actions are needed by the provincial and federal governments?

Thank you for your cooperation,
We will tabulate the results and provide you with a summary before the next water quality survey.

Sincercly,

Simone Magwood

MSe. Candidate

Institute for Resources and Environment
University of British Columbia

#48E - 2206 Bast Mall

Vancouver, B.C. V6T 123

magwood@interchange.ubc.ca
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Appendix 6 -~ Results of Blind Duplicates

Conductivity
Sample#  uS/cm pH ppm PO, ppm NH;-N ppm NO;-N  Boron  Calcium
Well 47 109 7.44 0.115 0.025 0.138 0.014389  12.7265
101 742 0.403 0.051 0.141 0.013002 12.8138
Well 41 180 8.40 0.445 0.039 0.005 0076946 152703
258 8.26 0.512 0.052 0.0056 0.088161 _ 15.0911
Potassium Magnesium Manganese  Sodium Silicon  Strontium _ Zinc

Well 47  0.846126 2.64969 2.28885 6.96607  0.030732

0.877814 2.66057 2.03754 6.9664 0.030511
Well 41 1.82421 3.86545 0.030037 945733 746018 0043704 0.50827
1.85232 3.84832 0.030718  9.57943 7.4068 0.043773 0.487846
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Appendix 7. Soil and Surficial Geology Codes

Soil Texture Codes Used in the GIS (from Luttmerding, 1980)

Texture Drainage

| Fine 1 Poor to very poor

2 Moderately fine to medium 2 Poor / Imperfect

3 Medium 3 Moderately Well

4 Medium to moderately course 4 Moderately Well to Well
5 Coarse 5 Well to Rapid

Parent Material Categories

Glaciomarine Deposits

Well decomposed organic material over floodplain deposits

Medium textured eolian deposits over moderately coarse textured glacial till

Laterally accreted floodplain deposits over

Laterally accreted floodplain deposits over sand.

Local stream deposits

SO ithl s iba e

Eolian deposits over gravely glacial outwash

Surficial Geology Codes Used in GIS (from Armstrong, 1980)

Peat

Sandy loam and clay loam

Stony silt to Loamy Clay ' Sandy Tili
Sandy Loam and Loamy Sand '

Sand and Rubble Gravel and Rubble

Gravel and Sand (Gravel, sand and rubble

(G R NN ROSEE S Ul P

Bedrock
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