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GWUDI

Groundwater under the direct influence of surface water with
respect to potential impacts from pathogenic microorganisms

Also known as GUDI

Considers the travel of pathogens from a surface water source
to the production interval of a groundwater well

A non-GWUDI well may have a hydraulic connection with
surface water over longer time frames

Surface water may include surface run-off and/or rapid
Infiltration from surface (depends on jurisdiction)




) GWUDI




GWUDI Guidelines in Alberta

* ‘“high quality groundwater” must not be GWUDI according to
Potable Water Regulation (277/2003) under the
Environmental Protection and Enhancement Act (EPEA)

 Municipal waterworks systems must be designed to meet the
following S & G according to the Potable Water Regulation

e Standards and Guidelines for Municipal Waterworks,
Wastewater and Storm Drainage Systems
(Alberta Environment, revised Jan 2006)

http://environment.alberta.ca/2910.htm|

Assessment Guideline for GWUDI in “Appendix E”



http://environment.alberta.ca/2910.html

GWUDI Guidelines in Alberta

Any well source declared GWUDI must be treated according
to stringent surface water treatment requirements
(filtration and disinfection) under an EPEA approval.

In Alberta, this includes operations such as bed & breakfast
facilities, private campsites, rental accommodations, daycare
facilities, schools and restaurants

Above facilities starting to be visited by Public Health
Inspectors as they are regulated under Public Health Act

If Public Health Inspector suspects any of the above facilities
has a GWUDI source, Alberta Environment is contacted



Phased Approach

e Phasel GWUDI Screen
 Phase 2a Hydrogeological Review
 Phase 2b Hydrogeological Investigation

« Phase 3 Microscopic Particulate Analysis




GWUDI Process In
Alberta

(from Appendix E - Standards and
Guidelines for Municipal Waterworks,
Wastewater and Storm Drainage
Systems, revised Jan 2006)

Phase 1 - GWUDI Screen

1. Sensitive setting

2. Proximity to surface water
3. Well construction

4.  Water Quality

Fail screening
criteria?

Phase 2a — Hydrogeological Review

Review existing information and data

No hydraulic
connection?

Uncertain

Phase 2b - Hydrogeological Investigation

Determine time-of-travel

Time-of-travel
> 90 days?

Phase 3 — Particulate Analysis

Collect at least 2 MPA samples

High or
medium risk

MPA Scores

Low risk




Can declare GWUDIat | fyigpe

any step

2. Proximity to surface water
3. Well construction
4.  Water Quality

Fail screening
criteria?

>

Phase 2a — Hydrogeological Review

Review existing information and data

No hydraulic
connection?

?

Uncertain

Phase 2b - Hydrogeological Investigation

Determine time-of-travel

Time-of-travel
> 90 days?

Collect at least 2 MPA samples

High or
medium risk Low risk

MPA Scores

Phase 3 — Particulate Analysis



Phasel GWUDI Screen

1. Sensitive setting
2. Proximity to surface water

3. Well construction

4. Water quality




Phasel GWUDI Screen

1. Sensitive Setting — source shall not be:

a. spring, infiltration gallery, shallow collector system,
artificial recharge system, bored or dug well

b. well with production zone < 15m below ground level

c. well in an unconfined aquifer

d. well completed in fractured or karst bedrock exposed
near surface




Spring Source

Fails screening
criteria la
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Bored Well

Fails screening
criteria la

Photos courtesy of:
Alberta Agriculture and Rural Development



Depth to Production Zone

Fails screening £
criteria 1b

13 mbgl




Depth to Production Zone

18 mbgl




Where to get well information?

« Water well drilling report

 Landowner, driller or government records

* In Alberta — Groundwater Information Centre (GIC)
http://environment.alberta.ca/1295.html

e In British Columbia

http://www.env.qov.bc.ca/wsd/data searches/wells/index.html



http://environment.alberta.ca/1295.html
http://www.env.gov.bc.ca/wsd/data_searches/wells/index.html
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Water Well Drilling Report Map Verifed:  Map
@ The data contained in this report is supplied by the Driller. The province disclaims | Date Report 2002/01/29
* Bl#l responsibliity for its accuracy. |Received:
Measurements: ial
1. Contractor & Well Owner Information E Well Location
ICompany Name Driling Company Approval No.:| 1/4 or Sec Twp Rge Westof
OSNESS DRILLING (1975) LTD. 38405 LsD M
ailing Address: City or Town: Postal Code: 15 20 040 10 4
145 LOUGHEED AB CA TOB 2vi0 Location in Quarter
liOwner's Name: ‘Well Location Identifier: 400 FT from N Boundary]
.LW. STOCK FARMS LTD 700 FT from W Boundary]
0. Box Number: Mailing Address: Postal Code: Lot Block Plan
RR1, HARDISTY TOB 1B0
ICity: Province: Country: Wall Elav: How Obtain:
3. Drilling Information . Well Yield
[Type of Work: New Well “Froposed well use:
[Reclaimed Well Domestic & Stock
Date Reclaimed(yyyy/mm/dd): Materials Used: Anticipated Water
od of Drilling: Rotary quil Id
lowing Well: No Rate: Gallons (1000 Gallons
as Present: No Ol Prasacitle
4. Formation Log . Well Completion
popth ate Started(yyyy/mm/dd): mﬁm,"lmll_
Ero:'nd Lithology Description 001/12/27 2002/01/02
1’:9[ il Depth: 156 FT E\o;:adn Diameter: 0
2 Brown_Clay i
6 Gray Clay

07 Brown Sand
108 Hard Rocks

Il Thickness: 0 Inches

117 Brown_Clay & Sand
150 Gray Sand

IlJep'Lh To water lavel (feet)

156 Blue Shale

N\

ETp. 0FT Bottom: 0 Elapsed Time
B 1t Sar R
i Perforations Size: " o786
1O FTto: OFT 0 Inches x 0 Inches A ,;24 ni$ '22
0 Inches x 0 Inches 29 00 XT)
0 Inches x 0 Inches 2R 00 275
23.5?\\ 4:00 13.9
24.03 :00 .34
tor 140FT 244 NG00 1267 |
to: OFT 24,69 % 264
24.9 8 124
to: 0 FT 25.08 9.00 \__12.12
Screen ID: 4 Inches g:;: 3 g \\ :27—'
Slot Size: 0.015 Inches 25.6 4:0( X8
e | ype. QLBEN W, U INcnes 25.7. 6:00 .
Slo‘l Size: 0 Inches 25.9 20:00 .58
26.1 25:00 .24
26.4 30:00 .07
26.52 35:00
26.68 40:00
ical Log Taken: o o
etained on Files: 27.3 75:00
itional Test and/or Pump Data 27.53 90.00
hemistries taken By Driller: No 3771 105.0010
eld: 0 Documents Held: 1 2?'35 120.0010
itless Adapter Type: < -
T [Total Drawdown: 17 FT
|if water removal was less than 2 hr
™ [duration, reason why:
ILLER REPORTS DISTANCE FROM TOP OF
SING TO GROUND LEVEL: 1.5'. WELL
HLORINATED. WATER HAULED FORM LOSNESS
HOP 2500 GALS. Eammmonned pumping rate: 9
llons/Mi
_ pump intake: 100
. Contractor Certification
filer's Name UNKNOWN DRILLER Pump Instalied
riification No.: 3449AD Pump Type:
Pump Modal.
e e e B
ulation L] nVIronm a n e L
hancement Act. All information in this report i true [A1Y further pumptest information?

Yr Mo

Report 1 Pump Test 1 page1

¥ RN e R WA Y

.. Well Yield

est Date

Start Time:

yyyy/mmv/dd):

002/01/02
est Method: Pu

on pumping
static level:

pumo intake:

11:00 AM
P N

I5. Well Completion

ate Started(yyyy/mm/dd): mﬁn’:}g'gfd t
001/12/27 2002/01/02
J\Nall Depth: 156 FT porehole Diameter: 0
asing Type: Plastic !Li_ner Type: G
ize OD: 5 Inches ISize OD: 0 Inches .
-m::;“i“"e”‘ 0.375 all Thickness: 0 Inches  Ji
om at: 140 FT op: OFT Bottom: 0
erforations Perforations Size: ‘
om:0FTto: OFT 0 Inches x O Inches B

om:OFTto:OFT
om.OFTto:OFT

0 Inches x 0 Inches
0 Inches x 0 Inches

|Perforated by:

eal: Bentonite Chips/Tablets
m:OFT
eal:
om:0FT
eal:
m: 0 FT

to: 140 FT
to:OFT
to:0FT

Screen ID: 4 Inches

: 150 FT Slot Size: 0.015 inches




Diagram for drilling report on previous slide:

sand

45.7m (140ft)  <ang

47.5m (150f0)




Unconfined Aquifer

Flowing

Unconfined aquifers tend to be sand and/or gravel deposits, often in valleys (floodplain) but
not always (glacial deposits like moraines and eskers). Bedrock can be unconfined where
exposed near or at surface.



Unconfined Aquifer

Fails screening

criteria 1c g o AT
(unsaturated)

- Sand
25 mbg| ; (saturated)
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e Water Well Drilling Report Map Verified Map
' Alberts The data contained in this report is supplied by the Criller. The province disclaims responsibility for its accuracy. Pate Report Received: kL 'r,DS'H £
Environment heazurements: Imperial
I

1. Contractor & Well Owner Information

2. Well Location

Ompany Mame:
QOIS0 WATER WELL DRILLING

Drilling Company Spgprosal Mo

104 or Sec Twp Roge  Westof M
LsD

ailing Address: City ar Tower; Postal Coce: 02 35 022 03 5
| ocation in Quarter
ellowener's Mame: Well Location [dentifier: OFT Trom Boundaty
ANANASKIS GOLF COURSE #2 OFT Trom Boundary
0. Box Mumber; ailing Address: Poztal Code: it Block Plan
KAMANASKEIS PARK ell Eley: Hiowy Obtain:
ity Province: Country: ME25FT Survey-Tra
. Well Yield
3. Drilling Information Test Datelyyyyimmidd: Start Time:
v of Work: Mew Wl Froposed well use: [19510301 11:00 AM
eclained Wl Punicipal Test Method: Pump
ate Reclaimed: Materialz Used: rticipated Vater Mon pumping static 249FT
ethiod of Drilling: Cable Tool Fequirementsiday evel
Rate: Gallons D Gallonz Feate of water 400 GallonzMin
il Present: Mo emnovyal:
5. Well Completion [repth of pump OFT
[Date Started(yyyyimmidd): Date Completediyyyy mmidd): nitake:
ogy Description 91 430 195103001 ater level at end 33FT
el Depth: 66 FT Borehaole Dismeter: 0 Inches ot pumping:

[Casing Type: Steel

aquifer

Unconfined

Liner Type:

istance fromtop of casing Inches

[Size OO: 10.75 Inches

[Size O0: 0 Inches

o ground level:

Depth To water level [feet)

ffrom: OFT toc OFT
ffrom:; OFT to OFT
ffrom: OFT toc OFT

0 Inches x 0 Inches
0 Inches x 0 Inches
0 Inches x 0 Inches

&l Thicknesz: 0 Inches all Thickness: 0 Inches Elapzed Time
Fiottom at: 54 FT Top: OFT Bottom: O FT Drevvlowen Minutes:Sec Recovery
Ferforations Perforations Size: Total Dravwdawn: 8 FT

f weater removal was less than 2 hre duration,
eason why:

oreen Type: Stainless Steel
from: 54 FT 1o 64 FT

D

Slot Size: 0.01 Inches

Ferforated by:
[=eal: Driven
rom: O FT to OFT Fecommended pumping rate; 0 GallonsMin
[Seal: Frecommended pump intake: OFT
from: O FT b OFT Ty Pump Installed
[Seal: Pump Type:
to: OFT Fumg Model:
Screen Dt 0 Inches P

|2y further pumptest information’?

o
from; OFT  to OFT

Soreen Ix 0 Inches
Slot Size: 0 Inches

[=creen Installation Method:

[Grain Size:

Fittings
Top: Packer Bottom: Bail
Fachk:

Amaurt: 0




Karst Bedrock

Limestone
Cogtaminanty in ff can
u‘:ﬁy wat?.:r:; Iuppiy of

Source: Hallberg et al, 1984



Groundwater Vulnerability Mapping
Can be used to help identify sensitive hydrogeological
settings where GWUDI may exist

Usually based on topography, soil and hydrogeological
properties

High vulnerability areas may not necessarily indicate
GWUDI

Must consider scale of mapping, local well logs may
provide better information




Groundwater Vulnerability Mapping — Township of Langley, B.C.

B L
Rl et e ié} -
1, E_‘_l_

BBOTSFORD

e

| (e e
ok IR o 11| ; "
= = -~ = - o e

Source: Township of Langley http://www.tol.bc.ca/files/web_files/engineering/environment/key_topics/groundwater/vulnerability.pdf
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Groundwater Vulnerability Mapping — Alberta

.

20252423 22020 10{18 17 181544 13121110 & B

[;:}é"'”!‘s?uﬂ_-"qa;

THRERRT g

el F

Aquifer Vulnerability
Index for the Agricultural
Area of Alberta

'
g

Low

BR00

Rivers 7+ Lakes
E:_T-' Municipal boundaries

g2

A 0 50 100 km

Source: Alberta Agriculture and Rural Development http://www1.agric.gov.ab.ca/$department/deptdocs.nsf/all/agdex10331



http://www1.agric.gov.ab.ca/$department/deptdocs.nsf/all/agdex10331

PRFA Regional Groundwater Assessment Reports (Alberta)
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Phasel GWUDI Screen

2. Proximity to Surface Water

e source shall not be located within 100m of any permanent,
Intermittent or seasonal water body including:

ponds, sloughs, lakes, rivers, streams, dugouts, lagoons,
reservoirs, irrigation canals or ditches, gravel pits, mining pits
or any other open water features

 Consider wetlands and low lying areas, depressions

Watch campsites !




Photos courtesy of Working Well program
http://environment.alberta.ca/3081.html



http://environment.alberta.ca/3081.html

Phasel GWUDI Screen

3. Well Construction

shall meet Alberta Water (Ministerial) Regulation (205/98)

surface seal that prevents surface water from migrating down
annulus (eg. bentonite, cement)

only water from producing interval enters well

well head shall be well-graded and drained

no signs of poor construction or deterioration




Key Components of a Water Well

1. Borehole
— Conduit to aquifer
2. Casing/Cribbing
— Keeps borehole open
— Houses pumping equipment
3. Annular Seal
— Prevents contamination from surface
— Prevents mixing of aquifers

— Sealing method is dependent on type of
well construction (bentonite, drive shoe)

4. Well Intake

—  Allows groundwater into the well
—  Slotted liner/casing or screen

Source: Working Well program
http://environment.alberta.ca/3081.html

Bentonite
(annular seal)

Drive Shoe
(driven seal)

- e o e e o e = mm omm o


http://environment.alberta.ca/3081.html

P l\Mﬂl 1LD.: 0040055
A Water Well Drilling Report Map Verified:  Map
@ The data contained in this report is supplied by the Driller. The province disclaims | Date Report 2002/01/29
Y gl for s e .
1. Contractor & Well Owner Information . Well Location
ICompany Name Driling Company Approval No.:| 1/4 or Sec Twp Rge Westof
OSNESS DRILLING (1875) LTD. 38405 LSD M
ailing Address: City or Town: Postal Code: 15 20 040 10 4
X 145 LOUGHEED AB CA TOB 2V0 Location in Quarter
lIlOwner's Name: ‘Well Location Identifier: 400 FT from N Boundary]
.LW. STOCK FARMS LTD 700 FTfrom W Boundary
0. Box Number: Mailing Address: Postal Code: Lot Block Plan
RR1, HARDISTY TOB 180
ICity: Province: Country: #II Elav: ::wo?z;nin:
t Obtain
3. Drilling Information - . Well Yield
[Type of Work: New Well sed well i
e - ,,mm v [5. Well Completion
te Reclaimed(yyyy. ): al : ticipated \Nater
od of Drillng: Rotary ate Started(yyyy/mm/dd): Date Completed
lowing We: No Rate:Gallors 1000 Gallons (yyyy/mm/dd):
as Presel sant: Ma
4. Formation Log . Well Completion 001/12/27 Zooz 01/02
Pepth ate Started(yyyy/mmidd): Dt Combieted Il Depth: 156 FT Borehole Diameter: 0
fground Lithology Description 001/12/27 2002/01/02 pih: Inches
jevel § Degtl: 156 FT Borehole Diameter: 0 ST -
o) ____ o ) Dopth: Inches asing Type: Plastic ILiner Type:
& Gy Gl ize OD: 5 Inches ISize OD: 0 Inches
fown_San Il Thickness: 0 Inches : i :
108 Hard Rocks all Thickness: 0.375 . .
117 Brown Clay & Sand [fow0FT — Botom 0 T oWt ve) et ‘mch es all Thickness: 0 Inches
150 Gray Sand D tes:Sec R
156 Biue Shale i Perforations Size: 0 e 2786 op: OFT Bottom: 0
:0FTto: OFT 0 Inches x 0 Inches . » ) .
:0FTto: OFT 0 Inches x 0 Inches ;?;; :% 16 87 om at: 140 FT
;0 FTto: 0 FT 0 Inches x 0 Inches 557 0 1475 T~ - - -
: oY T I erforations Perforations Size:
24.03 .00 34
to: 140 FT e 0 Inches x 0 Inches
to: OFT 2469 00 1264 0 Inches x 0 Inches
24.9 8:00 2.4
t0: 0 FT 2508 9:00 512 Inches
Screen ID: 4 Inches g:;: 3 g :27—' . \
St S G015 nchas 258 40 28 eaI Bentonite Chips/Tablets
oo |y, QLBEN W, U INcnes 3 6:00 .05
_Slot Size: 0 Inches 259 20:00 .58 to: 140 FT
26.1 25:00 .24
264 3000 .07
26.52 35.00 O OFT
26,68 40:00 .
T 26.89 5000
5 2712 60:00
etained on Files: 273 75:00 to: OFT
hamistios takon By Driter No. 28w creen Type: Stainless
jerf Documents Heid: 1 22711050010 bepiliblas Screen ID: 4 Inches
iless Adapter Type [Total Drawdown: 17 FT .
[ifwater removal was fess than Z r om: 140 FT  to: 150 FT Siot Size: 0.015 Inches
S duration, reason why: = -
ILLER REPORTS DISTANCE FROM TOP OF
SING TO GROUND LEVEL: 1.5 WELL
.ecommended pumping rate: 9
&nm
pump intake: 100
ilers Name: UNKNOWN DRILLER Pump Installed
riification No.: 3449AD Pump Type:
is well was m&ﬁmiﬁgagmdanﬂvpmmm . F","p -
| fequiation of the Aiber rton i this repovt s true JAnY further pumptest information?
Yr Mo

Report 1 Pump Test 1 page1



Photos courtesy of Working Well program

http://environment.alberta.ca/3081.html
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Photos courtesy of Working Well program
http://environment.alberta.ca/3081.html
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Phasel GWUDI Screen

4. Water Quality

raw or treated water shall not exhibit evidence of
contamination of surface water

no significant occurrence of insects, insect parts, total
coliforms (on a regular basis), E.Coli, algae, Giardia,
Cryptosporidium or viruses

no significant and relative rapid shifts in turbidity,
temperature, conductivity or pH closely correlating to

climatological or surface water conditions




Water Quality

A source well with no historical water quality problems does
not mean a well is not potentially GWUDI

Well may not be sampled frequently
Treated water may be sampled instead of raw water

Basing a GWUDI assessment on water quality alone is not in

line with the multi-barrier approach used in most jurisdictions




Phasel GWUDI Screen

Sensitive Setting
Proximity to surface water
Well construction

Water Quality

S

If 1 and 2 are met but not 3 and 4, systems owners may
modify well construction to ensure 3 and 4 are met instead of

proceeding to Phase 2




Phase 1 - GWUDI Screen

1. Sensitive setting

2. Proximity to surface water
3. Well construction

4.  Water Quality

Fail screening
criteria?

Fail 3 and/or 4 only

No
Non-

GWUDI

Repair or re-complete
well

A\ 4

Confirm suitable water
quality

Note: May be easier or not much more expensive to drill a new well



Phase 2a Hydrogeological Review

Desk top evaluation using existing information

Incorporates other factors that may discount a source as
GWUDI that failed the screening criteria

Best left to a professional hydrogeologist to undertake

Information to consider/gather includes presence of
Impermeable layers, depth of surface water bodies, cross-
sections, pumping test results, permeability testing of
confining units, historical flooding data, historical

groundwater quality and level data




Example 1. Production zone < 15m

: > can determine that clay layer
13 mbgl | provides ample protection from surface

> ensure that any water bodies <100m
away do not penetrate clay layer

16 mbgl

»Ensure good annular seal




Example 2. Unconfined aquifer

: > can determine that clay layer
13 mbgl | provides ample protection from surface

> ensure that any water bodies <100m
away do not penetrate clay layer

»Ensure good annular seal




Example 3. <100 from surface water body

50m

A
v

» can determine that clay layer
provides ample protectlon from surface

30 mbgl . water body

36 mbgl I »>Ensure good annular seal




Phase 2b Hydrogeological Investigation

Key is to determine whether time-of-travel (TOT) between
surface water body and production zone < 90 days

Most microbial pathogens do not survive in subsurface > 90 days

Can use water quality hydrograph analysis, computer modelling
(eg. MODFLOW), tracer tests (eg. isotopes)

Computer modeling may involve determining well head protection
areas (WHPAS)

» Used for land management, not just GWUDI assessment

> No WHPAs in Alberta
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http://www.ene.gov.on.ca/envision/water/groundwater/chapple/figure17.pdf

Phase 3 Microscopic Particulate Analysis

 Used to determine if there are significant surface water
particulates reaching a well source

e« Samples must be collected during periods when greatest
possibility for surface water to impact a source well (eg.
spring melt)

« Sampling time can only be determined after the TOT has
been determined under Phase 2 (ie. can’t skip phase 2!)

e Scoring based on USEPA methodology (1992). Medium and
high scores are declared GWUDI




Take Home Messages

Use screening criteria to help identify potential GWUDI
situations (note: criteria may vary province to province)

Contact AENV (or appropriate jurisdiction) when a
GWUDI source Is suspected

Have an operator obtain a professional assessment,
especially when uncertainty exists

Don’t rely on historical water quality results alone to
discount a well source as potential GWUDI




