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Preface 

This pub|icaTion is The fifTh in a series deTailing 
The research acTiviTies of whaT was unTil I972 The GroundwaTer 
Subdivision of The Hydrologic Sciences Division, Inland WaTers 
Branch (IWB), DeparTmenT of Energy, Mines and Resources. A 
federal governmenT reorganizaTion has since led To The creaTion 
of The DeparTmenT of The EnvironmenT (EnvironmenT Canada). The 
GroundwaTer Subdivision has, as a resulT, become The Hydrology 
Research Division. The new division is one of Two research arms 
of The WaTer Resources Branch of The Inland WaTers DirecToraTe (IWD). 

The preceding pub|icaTions in This series are: 

The Federal Research Program in Hydrogeology 
l967—68. 60 p. 

The Federal GroundwaTer Program. Annual 
ProjecT CaTa|ogue l968—69. IWB 
RepT. Series 3, 82 p. 

The Federal GroundwaTer Program. Annual 
ProjecT CaTa|ogue I969-70. IWB 
RepT. Series 8, I08 p. 

LimiTed numbers of These earlier pub|icaTions are sTill available. 
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Research Program, Hydrology Research Division 
Project Catalogue 1971-73 

l. |nTroducTion 

A 
The acTiviTies of The Hydrology Research Division fall inTo Two 

disTincT caTegories: (I) Those concerned primarily wiTh hydrogeology and 
(2) Those concerned wiTh oTher aspecTs of The hydrologic cycle or wiTh The 
hydrologic cycle in general. AlmosT Three quarTers of The projecTs |isTed 
in This caTa|ogue fall inTo The firsT caTegory. 

The heavy emphasis on This single area of hydrologic research refIecTs, 
in parT, an hisTorical facT: The original nucleus of The Hydrology Research 
Division was a groundwaTer research group seT up by The Geological Survey of 
Canada. This emphasis on groundwaTer sTudies is noT misplaced, even now. The 
Hydrology Research Division is The federal agency charged wiTh The conducTing 
of field and laboraTory sTudies in hydrogeology. As such, The Division has a 
unique and conTinuing responsibi|iTy To idenTify Canadian research needs in 
hydrogeology. IT musT, furThermore, aTTempT To esTablish prioriTies wiTh respecT 
To The saTisfacTion of These needs and, wiThin The limiTs of iTs powers and 
resources, Take sTeps To saTisfy Them. In idenTifying Canadian groundwaTer 
research needs and esTablishing prioriTies, effecTive liaison wiTh provincial 
groundwaTer agencies is of paramounT imporTance; only The provincial agencies 
have The day—To-day conTacT wiTh pracTical groundwaTer evaluaTion problems ThaT 
help poinT The finger aT Those problem areas where an invesTmenT of research 
efforT is mosT likely To be fruiTful. Thus, The provincial groundwaTer agencies 
may be regarded as imporTanT cusTomers for scienTific ouTpuT falling inTo The 
hydrogeologic research caTegory. 

In The case of The Division's second main research caTegory - research 
concerning The hydrologic cycle as a whole or inTo aspecTs of The cycle oTher Than 
groundwaTer - The Division does noT occupy The unique posiTion ThaT iT does wiTh 
respecT To groundwaTer research. There are many oTher federal agencies boTh 
wiThin and wiThouT EnvironmenT Canada ThaT are conducTing research inTo problems 
of This naTure. NeverThe|ess, The scope for more generalized hydrologic research 
is broad and many-faceTed and There are imporTanT problem areas relaTing parTic- 
ularly To The mission and objecTives of EnvironmenT Canada ThaT are noT receiving 
The aTTenTion They deserve. The Hydrology Research Division has an obligaTion, 
in consu|TaTion wiTh various operaTional groups in The DirecToraTe, To ldenTify 
These areas, To esTab|ish prioriTies and To selecT specified problems for aTTack 
and so|uTion. In The case of This second research caTegory, Therefore, imporTanT 
cusTomers for The Division's scienTific ouTpuT are To be found closer To home 
wiThin The Inland WaTers DirecToraTe.



2. Research and OperaTional ProjecTs 

The sTudies conducTed by The Hydrology Research Division and lTsTed 
in The caTa|ogue are classified eiTher as research projecTs denoTed by (GW or 
HR) or as operaTional projecTs (denoTed by GWO or HRD). The presenT caTalogue 
lisTs 4| research and I0 operaTional projecTs. 

OperaTional projecTs are generally iniTiaTed aT The requesT of oTher 
a federal agencies and are performed as a service for These agencies. They may involve localized evaluaTions of groundwaTer resources or hydrologic budgeTs 
in areas ThaT are eiTher under federal jurisdicTion (such as The naTional parks) 
or ThaT are The siTes of broadly based federal research programs requiring some groundwaTer or oTher specialized hydrologic inpuT. RecenTly They have also 
included wide-ranging regional or naTional surveys of groundwaTer resources, aquifer disTribuTion, and chemical characTerisTics of groundwaTer. An excepTion To The usual federal origin of These operaTional projecTs is provided by an oil- spill sTudy (GWO 70-2) in which The Hydrology Research Division became involved aT The requesT of a provincial groundwaTer agency. 

Research projecTs generally originaTe wiThin The Division buT may, on occasion, he iniTiaTed as a direcT resulT of problems broughT To The aTTenTion 
of The Division by oTher uniTs in The Inland WaTers DirecToraTe. The Division's 
decisions on The iniTiaTion of new research projecTs are influenced, as already suggesTed above, by iTs liaisons wiTh provincial groundwaTer agencies and wiTh operaTional uniTs wiThin The DirecToraTe. 

Research is The prime funcTion of The Hydrology Research Division. 
OperaTional projecTs generally do noT serve To advance research progress and 
iT is imporTanT, Therefore, ThaT manpower resources are noT commiTTed unduly To These projecTs. A parTial so|uTion To The problem is uTilizaTion of The privaTe secTor for field managemenT of operaTional projecTs and for conducTing 
and reporTing on groundwaTer-resource evaluaTioriprojecTs and regional survey projecTs. UTilizaTion of The privaTe secTor is a policy wiTh The Division and 
is believed To be conTribuTing To The generaTion of a high degree of hydrogeologic 
compeTence in This secTor. IT represenTs, as well a firsT sTep in The TransiTion 
To effecTive imp|emenTaTion of federal make-or—buy policy for scienTific research.



3. Divisional ObjecTives and QperaTional STrucTure 

The principal objecTives of The Hydrology Research Division are: 

I. To develop hydrologic Techniques and, 
mefhodologies for waTer resource managemenT. 

2. To idenTify operaTiona| areas in The waTer 
resource field where There are needs for 
research and To implemenT appropriaTe 
research projecTs and programs. 

AT presenT The Division is conducTing or has recenTly iniTiaTed six 
research programs: MariTime Research, Subsurface Disposal Research, lnTerface 
Hydrology, NorThern Hydrogeology, Pa|eoenvironmenTal Research and GOWN. The 
laTTer is an acronym for The Division's compuTerized groundwaTer daTa sTorage, 
processing and reTrieval sysTem. 

The MariTime Research Program was seT up in I969 To invesTigaTe The 
inTrusion of sa|T waTer inTo coasTal aquifers in The MariTime Provinces and To 
devise ways and means of obTaining The besT Trade-off beTween high waTer produc- 
Tion and minimizaTion of inTrusion. Since The permeabi|iTy of These aquifers is 
very largely due To fracTures, flow Through fracTured media has also been inTen- 
sively sTudied. The program has been successful in subsTanTially increasing our 
undersTanding of hydrogeological phenomena in coasTal aquifers. NeverTheless, 
There are gaps remaining in This undersTanding and These gaps limiT The pracTical 
applicaTion of The research findings. The ThrusT of The program is now being modi- 
fied To place emphasis on an inTensificaTion of fracTure flow sTudies and on The 
developmenT of well-field simulaTion models for predicTion of long—Term effecTs 
of coasTal groundwaTer developmenT. 

The Subsurface Disposal Research Program was formally iniTiaTed in I970. 
The primary concern aT ThaT Time was The quesTion of disposal of fluid chemical 
wasTes and brines Through wells inTo deep-lying geological formaTions - a pracTice 
which has been adopTed on an increasing scale in Canada, The Uni+ed STaTes and 
elsewhere. The objecTives were To deTermine The effecTs of This pracTice, To 
improve undersTanding of The physical and chemical processes involved, and To 
develop Techniques for moniToring and predicTing wasTe movemenT. The program 
has led To The publicafion of a reporT reviewing The currenf sTaTus of subsurface 
wasTe disposal in Canada. Two relaTed reporTs have been prepared buT are noT as 
yeT published on regional eva|uaTion of poTenTial for underground disposal and 
on disposal-formaTion and injecTion—well hydraulics. Field sTudies have been 
:carried ouT in deep-well disposal areas in and around LambTon CounTy in souThwes— 
Tern OnTario. Examples of shallow subsurface conTaminaTion from surface sources 
are also under invesTigaTion. These include The effecTs of seepage from poTash 
mine brine ponds in Saskafchewan and some preliminary invesTigaTions inTo The 
effecfs of oil spills on land in New Brunswick.



The NorThern Hydrogeology Program daTes back To |97l. IT is concerned 
primarily wiTh The norThern groundwaTer—permafrosT sysTem and The way in which 
The groundwaTer-permafrosT boundary is disTurbed by groundwaTer movemenT and 
heaT Transfer. The ulTimaTe objecTive is To apply The knowledge gained To 
predicTion of The effecTs of pipelines, highways, eTc. on This boundary, parTic- 
ularly wiTh regard To such quesTions as slope sTabi|iTy and The creaTion of 
new groundwaTer recharge areas. Some norThern daTa have been gaThered re|aTing permafrosT configuraTion To naTural and arTificial surface fracTures. A compuTer 
model is also under developmenT which incorporaTes boTh groundwaTer flow and heaT 
flow in order To predicT changing posiTions of The groundwaTer—permafrosT boundary 
in response To a varieTy of surface disTurbances. 

BoTh The lnTerface Hydrology Research Group and The PaleoenvironmenTal Research Program are recenT innovaTions. The |nTerface Hydrology Group will be 
involved in The developmenT and improvemenT of hydrologic simulaTion and forecasT models and possibly in TheoreTical quesTions of neTwork design as well. lTs program is sTill in The process of being formulaTed. The PaleoenvironmenTal Research Program will be applying knowledge gained over The pasT five years on The ecology of marine inverTebraTes To The clarificaTion of euTrophicaTion 
problems. An imporTanT objecTive will be To use Techniques already developed To discriminaTe beTween naTural and man-caused euTrophicaTion. The second Type will presumably be, aT leasT in some cases, reversible. 

GOWN (as sTaTed above) is The Hydrology Research Division's compuTerized 
groundwaTer daTa sTorage, processing and reTrieval sysTem. The long—range obJecT— 
ive in The GOWN program is To develop The sysTem as a Tool for inTegraTed waTer resource managemenT. Some daTa are sTored in The sysTem buT They are There simply as working maTerial for The developmenT of The sysTem's capabiliTies for daTa 
processing and presenTaTion. OTher Division programs provide inpuT inTo The GOWN 
program in The form of programmable Techniques and meThodologies for The analysis 
and applicaTion of hydrologic daTa. GOWN now has developed a good capabiliTy in 
Terms of groundwaTer daTa sTorage and se|ecTive reTrieval and presenTaTion of These daTa. The immediaTe objecTlves of The program are To enlarge The scope and flexibiliTy of The reTrieval funcTions and To develop some capabiliTy as a 
Tool To deal wiTh inTerconnecTéd aquifer and surface-waTer sysTems. 

An organizaTion charT for The Division is given on a following page. 

4. FuTure AcTiviTies 

IT has been sTaTed above ThaT The long—range objecTive for GOWN is iTs 
developmenT as a Tool for inTegraTed waTer resource managemenT and ThaT The oTher 
‘Hydrology Research Division programs will ulTimaTely provide The Techniques and 
meThodologies ThaT will make up GOWN. The long—range GOWN objecTive is of course 
a ref|ecTion of The Two divisional objecTives clTed earlier. The objecTive of 
inTegraTed waTer-resource managemehT cannoT, however, be TreaTed as a discreTe



~ 
enTiTy iso|aTed from The effecTs of man's oTher acTiviTies. WaTer-resource 
managemenT decisions will have repercussions on land managemenT, on The develop- 
menT of oTher resources, and on The environmenT generally, Conversely, decisions 
in These oTher areas will mosT cerTainly impinge on and have consequences for 
waTer—resource managemenT. 

Thus whaT we are and should be concerned abouT is managemenT of The 
ToTal environmenT. This Thesis has been proposed and sTrongly supporTed in a 
recenT Inland WaTers DirecToraTe inTerna| reporT.* in The case of The Hydrology 
Research Division The concern mighT be made more specific. IT is a concern wiTh 
research inTo The hydrologic effecTs of environmenTal managemenT. 

IT is anTicipaTed ThaT The Division will become more involved wiTh 
specific projecTs and programs direcTly relaTed To The hydrologic effecTs of 
environmenTal managemenT. Through The inTerface Hydrology Group inTegraTed 
sTudies will be iniTiaTed in selecTed areas where changing paTTerns of land 
use and resource developmenT are alTering or are expecTed To a|Ter The hydro- 
logic regime. The researches of The oTher program groups in The Division will 
also conTribuTe To a beTTer undersTanding of These effecTs. ' 

In conducTing These sTudies iT will be borne in mind ThaT one of The 
basic problems is an inabiliTy To describe The naTura| sysTems under consideraTion 
wiTh exacTiTude. ElemenTs of comp|exiTy and heTerogeneiTy in The naTura| sysTems 
lead To uncerTainTles in describing The sysTems and in predicTing long-Term 
effecTs. MeThods of sTaTisTica| and sTochasTic hydrology will be broughT To bear 
in an efforT To deTermine The relaTive magniTudes of These uncerTainTies. The 
provision of such measures of inexacTiTude will have significanT consequences for 
The design of hydrologic neTworks and The analysis of The effecTiveness of 
forecasTing and hydrological daTa Transfer procedures. 

OTTawa, OcTober l, I973. 

D. H. Lennox, 
Chief, Hydrology Research Division. 

* Gilliland, J.A. and A.D. STanley (I973): Research in The Inland WaTers 
DIrecToraTe. A reporT prepared for The Office of The Research Advisor, Wafer Managemenf Service.
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Pro_jecT No. GW 67-5 ’ 

R_._M_._1c>_Ims_ 

Hydroclimatology of Foothills and Prairie 

OBJECTIVES: 

To invesTlgaTe The energy budgeT of The ground-air inTerface over an area of TransiTion beTween prairie and fooThills 
Terrain, wiTh parTicu|ar reference To The hydrologic balance, using daTa obTained from sTandard weaTher sTaTions. 

PREVIOUS WORK: 

PublicaTions 
Holmes, R.M., I969. 

Cypress Hills. 
A sTudy of The climaTe of The 
weaTher, v. 24, pp. 324-330. 

Hoimes, R.M., i969. Oasis effecTs caused by The 
Cypress Hills. Proc. 3rd Conf. ForesT Micro- 
c|imaTology, Kananaskis, AlberTa. 

Field 

A TransecT of prairie To fooThills (Cypress Hills) Terrain-has been insTrumenTed wiTh sTandard weaTher observing insTrumenTs To measure The c|imaTic TransiTion aT The surface from one area To The oTher. 
. These daTa are augmenTed by observaTions Taken by The DeparTmenTs of TransporT and AgriculTure aT nearby Prairie siTes. ObservaTions Taken aT The various siTes 
vary somewhaT.depending on The locaTion buT include maximum and minimum TemperaTure, grass minimum (summer 
only), hygroThermograph Trace, miles of wind, "A" pan evaporaTion (summer only), |aTenT evaporaTion (summer 
only), wind speed and direcTion, soil TemperaTure aT 4" and 8", hours of sunshine (summer only), baromeTric pressure, rainfall, rainfall inTensiTy, and dew poinT. lniTial plans called for aT leasT an 8-year observaTion program wiTh daTa processing To begin following The 6Th season. I970 represenTs The 5Th observaTional season./
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Pro]ecT No. GW :§ R. M. Holmes 

C, WORK IN PROGRESS: 

I. Field 

During summer monThs each siTe is visiTed Twice daily 
by a field chew, and observaTions are made. In The 
winTer monThs, The siTes are visiTed once a week and 
charTs are changed on The hygroThermographs and 
observaTions are made of snowfall, wind mileage, and 
soil TemperaTure. This observaTion program has been 
conTinued Through The.summer of I972. The lasT summer's 
observafions were carried ouT by conTracT due To The 
deparTure of The principal invesTigaTor. 

2. Office 
Climafic daTa are absTracTed from insTrumenT observaTions, 
charTs, and Traces, and perTinenT summary ca|cu|aTions 
are made. This Tabu|aTion and reducTion of surface daTa 
Takes place on a confinuing basis and is mainTained in an 
easily available form for processing. 

D. FUTURE WORK: 

The firsT Three seasons were occupied largely in organizaTion, 
obfaining equipmenf, and seTTing up of The presenT program. 
During The following seasons The surface observaTiona| work 
proceeded wiTh a program of daTa Tabu|aTion, and reducTion. 

The principal invesTigaTor lefT The governmenT service aT 
The end of March I972. The projecT will noT be conTinued 
by The Hydrology Research Division buT efforTs have been 
made To see wheTher some oTher research group mighT be 
inTeresTed in conTinuing The observaTion program and in 
evenTualIy deTermining The energy budgef. The UniversiTy of 
A|berTa's DeparTmenT of Geography has shown some inTeresT buT 
has made no firm commiTmenT. 

The Hydrology Research Division's invo|vemenT wiTh field 
acTiviTies for This projecT has now been TerminaTed. The 
Division infends, however, To publish The daTa coI|ecTed in 
an Inland WaTers DirecToraTe ReporT. 

E. COMPLETION DATE: 

March 3|, I974.



ProjecT No. GW 67-ll H. RxckborsT 

Parametric Hydrology of a Glaciated Basalt Plateau 

To show The feasibiliTy of 
Fraser River forecasT models. 
of The daily flows of 38 

OBJECTIVES: 

in The 
For This purpose a forecasT 

large drainage areas in The Fraser 

linear sysTem synThesis 

River CaTchmenT is To be provided for The waTer year, 
April I, I970 - March 3|, I97|. 

PREVIOUS WORK: 

Fieldi 

During The summers of I969 To I970, a ToTaI of almosT 
l5O insTrumenT insTal|aTions were made aT selecTed siTes 
in The BonaparTe River basin of The Cariboo region of 
BriTish Columbia. These included: 

ll sTream level recorders 
I3 groundwaTer level recorders 
I6 sand poinT observaTion wells 
29 piezomeTers 
9 ground level recording rain gauges 
IO ATmospheric EnvironmenT Service rain 

gauges» 
29 oTher rain gauges 
4 ground level recording snow gauges 
4 Thermo hydrographs 
I hygrisTor 
I baromeTer 
4 anemomeTers 
I2 wind-Tower—mounTed ThermisTors

I Eppley shorT wave radiaTion sensor



ProjecT No. GW 67-ll . B ¢khorsT ~ ~ 

During The spring of l97l, all insTrumenTaTion was 
removed and The insTrumenTed siTes were reTurned To 
Their original condiTion. TwenTy-five Trees more Than 
300 years old were cuT for dendro-chronological analysis 
and for The absTracTion of informaTion on long-Term 
cyclic variaTions in hydrologic condiTions. 

WORK IN PROGRESS: 

Four manuscripTs have been prepared dealing wiTh various 
aspecTs of The hydrologic sTudies in The BonaparTe Basin. 
These are: 

RyckborsT, H. and A.A. Fischer. PrecipiTaTion and 
sTreamflow gauge spacing analysis. 

RyckborsT, H. The crawfish model. 
RyckborsT, H. and R.O. ChrisTie. FeasibiliTy of elecTro- 

magneTic sTreamTlow measuremenTs. 
RyckborsT, H. and Madill, D. 

in mounTains. 
OpTimum snow sampling 

FUTURE WORK: 

All field work compleTed. 

COMPLETION DATE: 

March 31, I974.



ProjecT No. GW 67—|6 §;9;_fl§L§I§§Q 

Nicomekl-Serpentine Basin Study 
‘Fraser Lowland, B.C. 

OBJECTIVES: 
To analyze The hydrologic regime in a Thick sequence of 
unconsoIidaTed surficial deposifs consTiTuTing a valley 
fill. 

PREVIOUS WORK: 
GroundwaTer and well invenTory carried ouT in I953 by Armsfrong 
and Brown was followed by B.C. WaTer Resources roTary drilling 
program of eleven |,QOQ-fooT TesT holes and a quanTiTaTive 
sTudy of aquifers. In I966 anoTher TesT hole was puT down To 
a depTh of 987 feeT for correlaTion purposes wiTh The eleven 
B.C. TesT holes. Sieve analyses of samples coIlecTed aT 
I0-foof inTerva|s have been done. Two hundred and fifTy waTer 
samples were colIecTed and analyzed using a Hach chemical kiT. 
A 795-fooT TesT hole was drilled in The upland area in I969. 
Three roTary TesT holes were drilled and e|ecTroIogged in I970 
To depThs of 7l4, 420 and 600 feeT, for sTraTigraphic correla- 
Tion and idenTificaTion of liTho|ogicaI uniTs. 

WORK IN PROGRESS: 

Analysis of daTa col|ecTed. Confinuous coI|ecTion of records 
from piezomeTers and observaTion wells. 

FUTURE WORK: 
ConTinuing observaTion program of piezomeTric levels, and 
periodic sampling programs. Hydrochemical mapping of ground- 
waTer Types, pH, TemperaTure and conducTiviTy readings of 
each well drilled since I955. Work on This projecT is now 
compleTe excepf for These observafion and sampling programs 
and for preparafion of reporTs incorporaTing The resulTs of 
The sTudy. 

COMPLETION DATE: 

March 3|, I974.



Projepi No. GW 68-2 E. WojTek and H. RyckborsT 

Parametric Hydrology of the Northern Lake Ontario Basin 

(A hydrogeological projecT for The |nTernaTional 
Field Year on The GreaT Lakes — IFYGL) 

A. OBJECTIVES: 

To simulaTe daily runoff from daily rainfall for 28 waTer— 
sheds on boTh The Canadian and American sides of The Lake OnTario basin for a Three-year period. 

B. PREVIOUS WORK: 
A 

~\ 

PublicaTions 
Oosferveld, M., I969. A soil moisTure index on The Lake 

OnTario basin. Unpubl. M.Sc. Thesis, UniversiTy of 
Guelph. 

Six ground-level rain gauges were insTal|ed in l969 in 
The basins of The Ganaraska, Lynde and LiTTle Rouge Rivers 
on The OnTario side of The lake. Dye experimenTs wiTh Rhodamine-B were conducTed during The spring and summer 
of I970 and l97| in These Three rivers To invesTigaTe 
nonlineariTy in open-channel flow. 

C. WORK IN PROGRESS: 

One manuscripT describing resu|Ts from This invesTigaTion 
has been prepared and is undergoing ediTing and review: 

RyckborsT, H. and E. WojTek. Linear synTheTic 
hydrographs from SouThern OnTario.



Projeef No. GW 68-2 

FUTURE WORK: 

Field sfudies are complefe. 

COMPLETION DATE: 

March 3|, I974. 

EU Wojfek and H. Ryckborsf



Projecf No. sw 68-7 J,E,_cnarfqp 

A Hydrochemical Study in the Interstream 
Area of the Ottawa and St. Lawrence Rivers 

OBJECTIVES: 

To inyesfigafe groundwafer chemisfry wifh fhe specific 
objecfive To defermine The direcfion of groundwater 
movemenf. 

PREVIOUS WORK: 

Rublicafions 
Charron, J.E. (in press). A sfudy of groundwafer flow 

in Russell Counfy, Onfario. Inland Wafers 
Direcforafe Tech. Bull. 

Field 

Regional wafer sampling and well invenfory programs 
were carried ouf in I968, I969, 1970 and I97! in 
Russell, Prescoff, Glengarry and S+ormon+ Counfies 
respecfively. 

WORK IN PROGRESS; 

Publicafions 
Charron, J.E; (in preparafioni. A Smdy on fhe direc+ion 

of groundwafer flow, Prescoff Counfy, Onfario 

Office 
Compiling and analyzing da+a accumuiafed for Glengarry 
and S+ormon+ Counfies and preparafion of reporfs.



ProjecT No. Gw 68-7 J.E. Charron 

FUTURE WORK: 

To exTend This sTudy inTo The OTTawa-ST. Lawrence inTersTream 
area lying in The province of Quebec, parTly by a field 
program similar To Those carried ouT in The years I968 To 
|97| and parT|y by correlaTion of field resu|Ts wiTh The 
findings of 

and G.D. Hobson (I962). 
Geol. Surv. 

Tremblay, J.J. L. 
Vaudreuil map-area, Québec. 
Can. Paper 6|-20. 

COMPLETlON.DATE: 

December 3!, I974.



Project No. GW 68-8 F.|. Morton 

Potential Evaporation 
Significance and Measurement 

A. OBJECTIVES: 
I. To test the significance of potential evaporation as 

a manifestation of the evaporation from the surrounding 
region. 

2. To relate the potential evaporation to climatologic and 
evaporimeter observations. 

3. To relate evaporation from a large region to climatologic 
or evaporimeter observations. 

4. To relate catchment runoff to climatologic and/or 
evaporimeter observations. 

B. PREVIOUS WORK: 

I. Publications 
Morton, F.l. (I965). Potential evaporation and river 

basin evaporation. J. Hydraul. Div., Proc. Am.Soc. 
Civil Engrs., Vol. 9l, No. HY6. 

Morton, F.l. (I967). Closure to potential evaporation 
and river basin evaporation. J. Hydraul. Div., Proc. 
Am. Soc. Civil Engrs., Vol. 93, No. HY4. 

Morton, F.l. (I967). Evaporation from large deep lakes. 
Water Res. Research, Vol. 3, No. I. 

Morton, F.l. (I969). Evaporation and climate, a study 
in cause and effect. Scientific Series 4, Inland 
Waters Branch, Dept. of Energy, Mines and Resources. 

Morton, F.l. (I969). Potential evaporation as a manifes- 
tation of regional evaporation. Water Res. Research, 
Vol. 5, No. 6. I



Projeci No. GW 68-8 

WORK 

F.|. Morfon 

Morfon, F,l, (I970). Cafchmenf evaporafion as manifesfed in climafologic observafions. 
osium on World Balance, Reading, Inf. 
Sci. Hydrol. Pub. 93. 

Symp- 
Assoc. 

Morfon, F.l. (|97l). Cafchmenf evaporafion and pofenfial evaporafion - furfher developmen+ of 
a climafologicgrelafionship. Journal of Hydrology, Vol. I2, pp. 8|—89.

. 

Office 
(a) Formulafion of model which permifs-The 

areal evaporafion To be esfimafed by ifs effecfs on climafologic or evaporimefer 
observafions. 

(b) Tesf of The model over a wide range of climafic and geologic conditions. 

IN PROGRESS: 

Preparafion of evaporafion map of Canada. 
Tesf of model againsf precipifafion less runoff da+a for a wide range of climafic and geologic condifions 
in Norfh America and Ireland. 

FUTURE WORK: 

Tesf of basic concepf againsf energy budge+ evaporafion values for The Mer Bleue experlmenfal sife. 
Preparafion of final reporf. 
Use of basic concepf +0 develop an anfecedenf moisfure index for flood forecasfs. 

‘\ 

COMPLETION DATE: 

December I974.



Pro1ecT No. GW 70-2 R.M. Holmes 

Airborne Studies of the Atmospheric Boundary Layer 

A. OBJECTIVES: 3

I 

To develop an "immersion sensing" insTrumenTaTion sysTem 
To sTudy The behaviour of The aTmospheric boundary layer 
wiTh parTicular reference To The flux of heaT, momenTum 
and waTer vapor. ' 

To use airborne insTrumenTaTion developed under (I) To 
sTudy The naTure of The aTmospheric boundary layer and 
iTs dependence on ThaT of The underlying surface. 

B. PREVIOUS WORK: 

PublicaTions 

NoTe on low level airborne 
TemperaTure near prairie oases. 
Review, v. 97, pp. 333-339. 

Holmes, R.M., I969. 
observaTions of 
MonTh|y WeaTher 

Airborne measuremenTs of Thermal 
in The lowesT layers of aTmosphere. 
Ag. MeT., Univ. WashingTon, SeaTT|e. 

Holmes, R.M., I969. 
disconTinuiTies 
Proc. 9Th Conf. 

Holmes, R.M., I970. Airborne Techniques in climaTology; 
oasis effecTs above prairie surface feaTures._ 
Inland WaTers Branch Technical Bul|eTin No. I9. 

Holmes, R.M., I970. Meso-scale effecTs of agricu|Ture 
and a large prairie lake on The aTmospheric 
boundary layer. Agronomy J., v. 62, pp. 546-549. 

Holmes, R.M., and K.D. Hage, l97l. iAirborne observaTions 
of Three chinook-Type siTuaTions in SouThern AlberTa. 
J. Appl. MeTeorology,-v. I0, pp. ll38—Il53. 

Unpublished InTernal ReporT 

Holmes, R.M., |97l. An airborne insTrumenT sysTem for 
aTmospheric boundary layer and c|imaTo|ogical research. 
286 pages. T
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' 

» R. M. Holmes 

Field 

This projecT was begun as parT of projecT GW 67-5 in 
order To provide a conTinuum of afmospheric daTa from 
The sTudy area (Cypress Hills, AlberTa) surface inTo 
The aTmosphere as high as The effecTs of The sTudy 
surface could be measured. Some preliminary daTa 
relaTed To This phase have been published as Ilsfed 
above. However, The work of developing airborne 
insTrumenTaTion required a somewhaT broader base of 
reference Than ThaT provided by The sTudy area. There- 
fore during The process of insTrumenT evaluaTion, as 
each addiTional parT of The insTrumenTaTion became 
available, oTher surfaces were soughT for sTudy. 
ConsequenTly, cooperaTive projecTs were esTablished 
where oTher scienTisTs provided ground TruTh for air- 
borne observaTions over The UTah SalT FlaTs, and over 
an exTensive irrigaTed oasis in The Snake River Valley 
of Idaho. Two oTher shorT Term cooperaTive sTudies 
were made near Calgary in The FooThi|ls area. In 
developing The airborne insTrumenT sysTem, each segmenT 
was flighf TesTed and evaluaTed before proceeding To 
The nexf; Hence a compleTe picfure of The developing 
sysTem was available during The firsT phase of The 
projecT. Each porTion of The sysTem meT The design 
specificaTion. 
The iniTia| phase of field operafions was To have 
TerminaTed aT The end of SepTember, I970 and To be 
followed by a period of a year or more during which The daTa col|ecTed would be evaluaTed and Their pracTical 
applicaTion demonsfrafed. ShorT|y before The Terminafion 
of field operaTions, a disasTrous laboraTory fire 
desTroyed all of The airborne immersion sensing insTru- 
menTaTion as well as a large percenTage of The daTa 
Taken during The previous summer on which The evaluaTion 
was To be based. ' 

The decision was subsequenTly Taken in mid l97| To rebuild The airborne immersion sensing sysTem and To engage in an inTensive daTa-gaThering exercise during The balance of 
ThaT fiscal year. Progress in rebuilding was slow, however, 
so ThaT The sysTem was noT fully operaTional unTil |aTe 
in The fiscal year and few useful daTa were collecTed. 
The principal invesTigaTor resigned from The federal service 
aT This poinf, leaving The fuTure of The sysTem in some doubT.
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WORK IN PROGRESS: 

Through arrangemenfs wi+h a confracfor, The airborne 
immersion sensing sysfem has recenfly been used in 
sfudies over Lake Onfario for +he lnfernafional Field 
Year on fhe Greaf Lakes. More significan+ly, however, 
The sysfem was flown simulfaneously wifh a similar 
airhorne sysfem belonging +0 +he Nafional Research 
Council. The comparison be+ween resulfs obfained wifh 
fhe Two sysfems will have imporfanf consequences for 
The fufure of The Hydrology Research Division's sysfem. 

COMPLETION DATE: 

March 3|, I974- 
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AC 

J.A. Gilliland 

Interaction of Groundwater and its Environment 

OBJECTIVES: 
I. To study the interaction of groundwater with its environ- 

ment and its function as a transport agent with particular 
reference to: 

(a) its action in dissolving, transporting and 
precipitating inorganic solutes at relatively 
low temperatures and pressures (O - l50°C, 

Al - 5 bars) 

(b) Its interaction with ice (and frozen ground) 
both in permafrost regions and during seasonal 
freezeupt - 

(c) The action of aqueous and non-aqueous fluids 
in the solution, deposition and transport of 
mineral species at high temperatures and pressures 
(T > l50°C, P 5,000 bars). 

2. To relate theoretical results to field examples. 

PREVIOUS WORK: 
Other commitments have prevented the effective initiation 
of this project. Other projects have, in the meantime, 
invaded some of the subject areas listed above. Project 
Nos. 67-4 and 70-8 are concerned with chemical reactions 
_under a wide range of temperatures and pressures; Project 
No. 7l-3 with the permafrost—groundwater relationship. 

WORK IN PROGRESS: 
The project has been terminated. 

COMPLETION DATE: 
March 3|, I973.
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Hydrochemical Evolution of Natural Groundwater 

A. OBJECTIVES: 

I. Developmenl of a digifal model To simulafe +he 
hydrochemical evolu+ion of na+ural groundwafers. 

2. Applicafion of The model To The Upper Keffle Creek 
Basin, Onfario. 

B. PREVIOUS WORK: 
I. Publicafions 

Schwarlz, F.W., I972. Digifal simulafion of hydro- 
chemlcal pafferns in regional groundwafer 
flow. Unpublished Ph.D. +hesis, Univ. of 
Illinois. 

2. Field~ 
Hydrologic and hydrochemlcal field invesflgafions were carried ou+ in +he Upper Ke++le Creek Wafershed of The Lake Erie basin, beginning in I970. These inves- 
figafions included +he insfallafion of hydromeTeoro— 
logic insfrumenfs and lhe collec+ion of bofh fill and 
wafer samples. The |a++er included precipifafion, 
surface-wafer and groundwafer samples. 

3. Laborafory 
Mineralogic and granulomefric analyses were performed 
on +he fill samples; chemical analyses on The wafer 
samples. 

4. Office 

A da+a processing sysfem was developed for The rapid 
evalua+ion of hydrochemical analyses. A +wo-dimensional 
mass fransfer simulafion model was developed for The
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characferizafion of +he hydrochemical regime in The Upper Keifle Creek wafershed. The model was applied To The wafershed da+a and fhe resulfs discussed in fhe fhesis lisfed above. 

c. WORK IN PROGRESS: 
Considerafioh is being given To +he publicafion of fhesis 
in +he IWD Scienfific Series. 

D. COMPLETION DATE: 

March 31, I974.
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Hydrogeology, Fraser Valley 

A. OBJECTIVES: 

To evaluaTe The source, movemenT and disTribuTion of 
groundwaTer in The lower Fraser Valley. 

B. PREVIOUS WORK: 

Well invenTory and geological mapping were carried ouT 
by The Geological Survey of Canada during The |aTe l950's. 
Groundwafer reporTs were published as a resulT of The 
reconnaissance for each of The following municipaliTies: 
Surrey, Langley, MaTsqui, Sumas and Chilliwack. 

C. WORK IN PROGRESS: 

CorrelaTion of all drill records for insTal|aTions and TesT 
holes compleTed during The |asT I0 years; waTer qualiTy 
moniToring of cerTain springs, flowing arfesian wells and 
surface sTreams;.chemica| analyses of mosT recenTly drilled 
wells; inTerpreTaTion of field resulfs To define local, 
inTermediaTe and regional flow sysfems; moniToring of waTer 
Tables in cerTain free aquifers To deTermine direcTion of 
groundwafer flow in relaTion To possible conTaminaTion from 
sepTic Tanks, ferTilizers and saniTary land fills. 

D. FUTURE WORK: 

ConTinue correlaTion of well daTa and inTerpreTaTion of 
field resulTs. FurTher define The sTraTigraphy and flow 
neT relaTions. 

E. COMPLETION DATE: 

March 3|, I974.
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Water Balance, IHD Representative Basins 

OBJECTIVES: 

To arrive af an annual wafer balance of a high—moun+ain and 
Two parkland represenfafive basins based on The resulfs of 
groundwa+er invesfigafions and incorporafed wifh fhe field 
measuremenfs and analysis of ofher hydrologic aspecfs. This 
projecl is a confribufion To Canada's program for The Infer- 
nafional Hydrological Decade (IHD) and is a composi+e of 
fhree previous projects (cw 67-lb, GW 67-2b, cw 67-I9) 
reporled on in earlier cafalogues in fhis series. 

PREVIOUS WORK: 

I. lnsfrumenfalion 
(a) Oak River basin (Manifoba) - slream gauges; 

class A weafher sfafionf 
Temperafure-precipifalion 
sfafions; 

9 carborundum block evap- 
rafion sfafions; 

75 piezomefers in 35 nes+s. 

U1--§ 

(b) Good Spirlf Lake basin - 
I sfream gauge; 

(Saskafchewan) 3 femperafure precipifafion 
sfafions; 

4 iso|a+ed piezomefer nesfs; 
5 carborundum block evapora- 

+ion sfafions; 
3 recharge—discharge sifes, 

each wifh piezomefer nes+, 
a wafer Table well and a 
bank of soil mois+ure cells. 

(C) Trapping Creek basin — 2 sfream gauges; 
(Brifish Columbia) Fischer-Porfer precipi+a- 

Tion recorder; 
2 Sacramenfo sforage preci- 

pifafion gauges;
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inTegraTing anemomeTers; 
hygroThermographs; 
snow courses;

_ 

sunshine recorders; 
evaporimeTer nesTs; 
soil moisTure sTaTions; 
piezomeTers in 7 nesTs; 
waTer Table wells. -N 

-—ALAmrouLuw 

2. General 

(a) LaboraTory calibraTion of soil moisTure cells for 
differenT Type of soils. 

(b) DevelopmenT of compuTer programs for The auTomaTic 
processing. inTerpreTaTion and ploTTing of soil 
moisTure, piezomeTer, TemperaTure and precipiTaTion 
daTa. « 

(c) STudies of The groundwaTer flow sysTems, The recharge- 
discharge profiles and The field and/or TheoreTical 
mapping of The recharge-discharge areas. 

(d) STudies of The evaporaTion paTTerns in a mounTainous 
basin — Trapping Creek basin. 

0. WORK IN PROGRESS: 

l. Roufine survey, general mainTenance of insTrumenTaTion 
and conTinuous daTa co|lecTion. 

2. Processing, inTerpreTaTion and analysis of basic hydrologic 
daTa for The assessmenTs of The waTer balance. 

3. PreparaTion of daTa for The groundwaTer flow paTTern analysis 
To esTimaTe The groundwaTer componenT of The waTer balance. 

4. DevelopmenT of waTer balance models based on The resu|Ts of 
groundwaTer invesTigaTion and incorporaTed wiTh The 
analysis of oTher hydrologic aspecTs.
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D. FUTURE WORK: 

I. Mainfain insfrumenfafion and confinue field measuremenfs. 

2. Preparafion of reporfs on wa+er balance. 

E. COMPLETION DATE: 

December 3|, I974.
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A. 

l. 

2. 

30 

4. 

50 

6! 

B. 

l. 

D.W. Lawson 

Hydrologic Modelling 

OBJECTIVES: 
To deTermine The accuracy and efficiency of exisTing models for The simulaTion of The hydrologic cycle. 
To invesTigaTe The effecTs on accuracy and efficiency of incorporaTing soil moisTure and groundwaTer phenomena inTo These models. 
To deTermine for each model The opTimum levels of accuracy for subsurface inpuT daTa; by considering The Trade—off beTween such facTors as over-all model accuracy and_efficiency, relaTive effecTs of errors in The deTerminaTion of oTher phases of The hydrologic cycle, and cosTs. 
To improve The accuracy and efficiency of The exisTing models and To develop new models. 
To design The soil moisTure and groundwaTer insTrumenTa- Tion neTworks required for The pracTical use of each model. ‘ 

To develop a procedure for selecTing The appropriaTe model under any given, conTemplaTed or selecTed seT of circumsTances. 

PREVIOUS WORK: 
PublicaTions 
Lawson, D.W., I968. GroundwaTer flow sysTems in The crysTalline rocks of The Okanagan Highland, BriTish Columbia. Can. J. EarTh Sciences, 

5, pp. 8l3-824. 

Lawson, D.W., I970. A raTiona| approach To groundwaTer 
invesTigaTions in represenTaTive basins. lnTer. 
Assoc. Sci. Hydro|., Publ. No. 96, Symposium on The ResulTs of Research on RepresenTaTive and ExperimenTal Basins, We|lingTon (N.Z.), pp. 652-667.
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Lawson, D.W., l97l. A disTribuTed hydrological model 
based on The concepT of groundwaTer recharge, 
Transmission, and discharge. J. Hydrol. (N.Z.), 
l0 (2), pp. l33—l40. 

C. WORK IN PROGRESS: 

l. Pub|icaTions 

Gray, D.M. and D.W. Lawson, (in preparaTion). 
GroundwaTer invesTigaTions in research 
basins. UNESCO, Technical Paper in Hydrology 
(see ProjecT No. GWO 72-I). 

2. Office 
Formu|aTion of The meThodology To achieve The 
objecTives sTaTed above. 
CooperaTing wiTh The Canadian ForesTry Service 
and The School of AgriculTura| Engineering, 
UniversiTy of Guelph in developing The subsurface 
componenTs of The MarmoT Creek Model. 
ConsideraTion of The operaTional needs of The Applied 
Hydrology Division, WaTer Resources Branch in 
developing models for use in conjuncTion wiTh 
regional and naTional hydromeTric neTworks.
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Effects of Model Heterogeneity on 
the Modelling Process 

‘OBJECTIVES: 

To lnvesflgafe The effecfs of variaflons in model 
profofypes on The paramefers of fhe modelling process. 
Sfafisfical dls+ribu+ionsof paramefers will be 
soughf and confidence limifs for various model profo- 
+ypes established.‘ ' 

To analyze The accuracy of forecasfing for selecfed 
deferminlsfic (paramefric and physically based) 
hydrological models. 
To evaluafe +he impaci of model heferogeneify on The 
planning objecflve and wafer managemenf sfrafegy. 

PREVIOUS WORK: 

Publications 
Klemes, V.,I97l. _Some Problems in Pure and Applied 

Sfochasflc Hydrology. Symposium on Sfaflsflcal 
Hydrology, Universi+y of Arizona, Tucson. 

Klemes, V., I973; Wa+ershed as a Semivlnfinlfe Sforage 
Reservoir. ASCE Naflonal meefing on Wafer 
Resources Engineering, Washingion D.C. 

Klemes, V., (subml++ed). The Hursf Phenomenon — a 
Puzzle? 

Klemes, V., (submiffed). Disfribuflon of Oufflow 
from a Lake wlfh serially correlafed Inflow. 

Office 

A preliminary analysis was carried oui of The impacf on 
a s+orage reservoir performance of The probabilify 
dis+ribu+lon model of mean annual flows.
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WORK IN PROGRESS: 

I. An analysis has been iniTiaTed of The differences 
in The properTies of a Time series generaTed by 
means of some currenTly used sTochasTic models 
(Markov chains, fracTiona| noises, broken-line 
processes, auToregressive inTegraTed moving 
average (ARIMA) processes). 

2. The validiTy and imporTance of The assumpfion of 
sTaTionariTy in Time series models is being 
invesTigaTed. 

3. An analyTica| formu|aTion of The disTribuTion of 
reservoir ouTflow in Terms of corresponding infiow 
properTies and reservoir parameTers is being soughT. 
MonTe-Carlo and maTrix so|uTions are being TesTed. 

FUTURE WORK: 

I. CompleTion of The work in progress. 
2. As per objecTives Nos. 2 and 3.
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Application of Runoff Forecasting to 
Storage Reservoir Operation 

OBJECTIVES: 

To invesflgafe The possibilifies and limifs of improve- 
menf in operafion efficiency of flow-regulafing storage 
reservoirs by means of applicafion of runoff forecasf— 
ing. 

To develop mefhods for an objecfive assessmenf of 
economic benefifs of flow forecasfing nefworks, and 
possible guidelines (such as recommended forecasf 
period, maximum admissible forecasf error, efc.) for 
fhe develepmenf of flow-forecasfing nefworks for 
specific wa+er—resource projecfs (hydro-power schemes, 
flood control projecfs, e+c.). 

PREVIOUS WORK: 

I. Publlcafions 
Klemes, V., I973. Opflmum Runoff Forecast for a Flood- 

WORK 

Confrol Reservoir. lnfernafional Symposium on 
River Mechanics, Bangkok. 

Office 
Benefifs of a hypofheflzed zero-error flow forecasfing 
were invesflgafed for a single-purpose flood-confrol 
reservoir. - 

IN PROGRESS: 

Floweforecasf benefifs are being analyzed for mul+iple- 
purpose reservoirs. 
Effecfs of forecas+ errors on The forecasf beneflfs are 
invesflgafed.
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D. FUTURE WORK: 

To apply The developed mefhods To some exjsflng schemes and To generalize The resulfs.
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Application of Runoff and Temperature Measurements 
in the Analysis of Baseflow Data 

OBJECTIVES: 

_To demonsTraTe The applicaTion of runoff and Temper- 
aTure measuremenTs made in a small Canadian waTershed 
(Wilson Creek, ManiToba) To The idenTificaTion and 
precise locaTion of eff|uenT and influenT condiTions 
in small creeks of The waTershed. 

To measure wiTh precision boTh baseflow and, in The 
case of an effluenT sTream, The localized incremenTs 
in baseflow due To polnTs or concenTraTed areas of 
groundwaTer inflow. 

To inTegraTe The resu|Ts of The sTudy wiThThose from 
parallel sTudies being eonducTed by The UniversiTy of 
WaTer|oo on major-ion chemisTry, conducTiviTy and pH 
for sTreams of The Wilson Creek waTershed.

' 

PREVIOUS WORK: 

One of The principal invesTigaTors.(K.U.W.) has applied 
The combinaTion of runoff and TemperaTure measuremenTs 
in a similar invesTigaTion of a number of small waTer- 
sheds in WesT Germany. 

Ten years of hydrologic records have been co+lecTed 
for The waTershed; re|aTed hydrologic research has 
been acTively under way for five years. 

Preliminary work has been iniTiaTed aT The UniverslTy 
’of WaTerloo on The applicaTion of sTable-isoType and 
major-ion analyses in base—flow sTudies for The waTershed. 

A reconnaissance field Trip has been made To The waTershed 
for The selecfion of appropriaTe sjTes for measuremenT of 
flows and TemperaTures and for sampling. 

BeTween AugusT 5 ~ IO, l973, flow, TemperaTure daTa and 
waTer samples have been co||ecTed in Wilson Creek basin.
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WORK 

Weyer, J. 

IN PROGRESS: 
Office compilafion of flow and femperafure da+a af 
Offawa. 
Major—ion and O '8 
Waferloo. 

analysis af fhe Universi+y of 

Deuferium Analysis of some wa+er samples af AECL in 
Chalk River. 
Analysis of resulfs and 
3. 

infegrafion of sfudies l, 2 and 

FUTURE WORK: 

ZI 

Preparafion of a paper in collaborafion wifh 
John Cherry and Pefer Frifz, Universify of Waferloo. 
Exfension of The field work by a new field Trip in 
July I974 +0 Wilson Creek Basin for one monfh. 

COMPLETlON DATE OF PRESENT STUDIES: 

March 3|, I974.
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Kenora Lakes Study, Fisheries Research Board 

OBJECTIVES: 

I. To provide a deTailed undersTanding of The mechanisms 
of groundwaTer inflow inTo Rawson Lake which is one 
of The lakes in The Kenora area se|ecTed for euTrophi- 
caTion sTudies by The Fisheries Research Board. 

2. To provide a neTwork of groundwaTer observaTion wells 
and piezomeTers To deTermine The quanTiTy and chemical 
composiTion of The groundwaTer inflow. 

NATURE OF REQUEST: 
wriTTen requesT by The DirecTor of The Federal FreshwaTer 
lnsTiTuTe in Winnipeg To The Inland WaTers Branch. 

ORGANIZATION OF PROJECT: 
Because of iTs locaTion and inTerdiscip|inary inTeresT, 
The direcT supervision of This projecT was originally 
a|locaTed To Dr. J.A. Cherry, Then (I969) AssociaTe Pro- 
fessor of Hydrogeology, UniversiTy of ManiToba. The projecT 
conTinued under his supervision afTer his subsequenT move 
To The UniversiTy of WaTerloo. Dr. Cherry will be inTegra— 
Ting The groundwaTer aspecTs of The sTudy inTo The overall 
eva|uaTion of The hydrologic budgeT of The waTershed being 
conducTed by Dr. R.W. Newbury, AssociaTe Professor of Civil 
Engineering, UniversiTy of ManiToba. Some of The groundwaTer 
daTa are now being uTilized by graduaTe sTudenTs as Thesis 
maferlal. Annual progress reporTs have been submiTTed by 
Professor Cherry_To The Hydrology Research Division. A 
comprehensive final reporT will be prepared on The compleTion 
of The projecT. 

The Hydrology Research Division has provided funds and admin- 
isTraTive arrangemenTs for drilling conTracTs, field insTru— 
menTs and oTher services ThaT have been required.
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PRESENT STATUS OF PROJECT: 
During The summer of I969 a drilling program and a hammer seismic program were carried ouT To deTermine 
bedrock depThs in The research drainage basin. The ExploraTion Geophysics Division of The Geological 
Survey of Canada carried ouT The seismic survey. During The same summer a deTailed Topographic map 
wiTh 5—fooT conTour infervals was prepared using exisTing air phofographs.‘ 
During I970 a neTwork cf over I60 groundwaTer piezo- meTers and wells was insTa||ed in The Rawson Lake waTershed. 
The piezomeTer and well neTwork was operaTed on a 'rouTine basis during The nonwinTer monfhs of |97l. 
A large amounT of hydrochemical daTa was collecTed during The l97| field season and The soils and surficial deposiTs were mapped. Drill daTa and samples from I970 were re-evaluaTed. 
The easT and norTheasT sub-basins of The Rawson Lake waTershed were singled ouT for more inTensive hydrogeo- logic sTudy during The I972 field season. The piezo- meTer neTwork was expanded in boTh of These sub-basins, addiTional TesT holes were drilled in The easT sub- basin, and more sampling of waTers from piezomeTers, springs, seeps and sTreams was carried ouT. Two wells were drilled along The shore of The lake for aquifer TesTing and permeabiliTy esTimaTion. 
A preliminary groundwaTer progress reporT for I969-70 was prepared early in I970 and was incorporaTed inTo The preliminary progress reporT for The comprehensive sTudy. A similar reporT was prepared for I970-7|, followed by a preliminary reporT of field and labora- Tory acTiviTies in l97l. The sTaTus of The invesTiga- Tions was reviewed again in March I973 and a drafT copy provided of a M.Sc. Thesis on The geohydrology and geo-g chemisfry of The Rawson lake waTershed. A second M.Sc. Thesis sTudy will deal wiTh subsurface geochemical processes in The Rawson Lake basin.
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FUTURE WORK: 

Field work is virTual|y compleTe. There is a need, however, 
To carry ouT some supplemenTary TesT drilling and aquifer 
TesTing in order To obTain more reliable hydraulic conducTi- 
viTy esTimaTes. There is an order-of-magniTude uncerTainTy 
in The conducTiviTy esTimaTes obTained To This poinT. This 
uncerTainTy has a significanT bearing on The esTimaTion of 
The relaTive imporTance of groundwaTer flow Through The 
Rawson Lake basin as parT of The ToTal Through flow. AT 
one end of The scale, groundwaTer flow will be relaTive|y 
small and iT should Therefore be possible To arrive aT a 
saTisfacTory hydrologic budgeT for The waTershed; aT The 
oTher, groundwaTer flow will be relaTively large and iTsg 
precise esTimaTion difficulT. In The second case There is 
some quesTion wheTher if will be possible To arrive aT a 
saTisfacTory precise over-all hydrologic budgeT for The 
waTershed. 

A shorT drilling and pump-TesTing program is scheduled for 
The I973 field season in_The hope ThaT The hydraulic con- 
ducTiviTy uncerTainTy will be resolved. 

COMPLETION DATE: 
March 3|, I974.
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ProjecT No. GWO 70-I E.C. HalsTead 

Benchmark Basin Program 

OBJECTIVES: 
I. To assisT in The selecTion of benchmark basins free of 

culTural changes for The long-Term sTudy of naTural 
Time Trends in hydrologic phenomena. 

2. To advise on The number and locaTion of groundwaTer observaTion wells and piezomeTers in benchmark basins. 
3. To coordinaTe record analysis, To assess neTwork 

efficiency and To compleTe scienTific inTerpreTaTion. 

ORGANIZATION OF PROJECT: 
The overall program is being coordihaTed by The WaTer Survey 
of Canada. Mr. E.C. HalsTead of The Hydrology Research Division is responsible for carrying ouT The Three special objecTives lisTed above. - 

PRESENT STATUS OF PROJECT: 
Mr. HalsTead has visiTed The proposed benchmark basins aT Baker Lake, NorThwesT TerriTories; NorTheasT Pond Benchmark 
STaTion, Newfoundland; and Kelly Creek Benchmark STaTion in The ChignecTo Game SancTuary, Nova ScoTia. GroundwaTer insTrumenTaTion was recommended only in The case of The 
Nova ScoTia basin and Three observaTion wells were insTalled There during The auTumn of l97|. 

FUTURE WORK: 
Basin selecTion and evaluaTion for groundwaTer purposes will conTinue. 

COMPLETION DATE: 
March 3|, I974.
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Project No. HRO 72-I D.W. Lawson 

Groundwater Investigations in Research Basins 

OBJECTIVES: 

To prepare a technical paper on the above subject for 
UNESCO. 

NATURE OF REQUEST: 

Verbal and subsequent written request from Dr. D. Gray, 
University of Saskatchewan, on behalf of the Working 
Group on Representative and Experimental Basins of IAHS. 

ORGANIZATION OF PROJECT: 

The paper is to be co-authored by Dr. Gray and 
Dr. D.W. Lawson. 

PRESENT STATUS OF PROJECT: 

The table of contents has been prepared and the writing 
divided equally between the two authors. Sections are 
being exchanged for review by the other author as they 
are written. Approximately one third of the paper had 
been prepared by mid-I973. 

COMPLETION DATE: 

December 3|, I973. 

.4. 2.
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ProjecT No. GW 67-I3 J.A. Gilliland 

Computer Research on Groundwater Hydrographs 

A. OBJECTIVES: 

To deTermine The applicabillTy of Techniques from 
communicaTion Theory To hydrograph analysis. 

2. To uTi|ize large quanTiTies of compuTer-compaTible 
hydrograph daTa To deTecT small periodic flucTuaTions 
in groundwaTer hydrographs. 

3. To sTudy The phenomenon of waTer Table flucTuaTions in 
response To changes in baromeTric pressure. 

8. PREVIOUS WORK: 

vl. ePublicaTlons 
Gilliland, J.A., I969. A Rigid PlaTe Model of The 

BaromeTric EffecT., J. of Hydrology, vol. 7, 
pp. 233 - 245. 

2. Field 

Various Types of analog and digiTa| recorders were 
insTa||ed aT SwifT CurrenT and Good SpiriT Lake, 
SaskaTchewan; OTTawa, OnTario; and Prince Edward 
Four wells of various designs were insTalled aT De|Ta, 
ManiToba, TogeTher wlTh an experimenTaI Transducer- 
recorder sysTem and some meTeorological insTrumenTs. 
ToTal number of insTa|laTions was l3 waTer—Table wells, 
36 piezomeTers, 2 barographs, 5 nesTs of soil moisTure 
cells, I hygroThermograph, 2 recording rain gauges, 
l recording TemperaTure gauge, and approximaTely 
50 plasTic rain gauges. The six wells in Prince Edward 
Island have since been Transferred To provincial juris- 
dicTion. These wells conTinue To be mainTained and 
serviced by The WaTer Survey of Canada. 

45 

lsland.



ProjecT No, GW 67-|3 ‘ J.A. Gilliland 

3. LaboraTory and Office 
CompuTer programs have been developed To derive 
various correlaTion funcTions from hydrograph daTa. 
Hydrograph and barograph daTa have been digiTized, 
and calculaTions carried ouT. The resulTs indicaTe 
ThaT small flucTuaTions can be deTecTed using communi- 
caTion Theory Techniques. A concepTual model of The 
effecT of changes in baromeTric pressure on waTer 
levels in wells in unconfined aquifers has been 
developed. 

c. WORK IN PROGRESS: 

l. EublicaTions 
Gilliland, J.A. ApplicaTion of corre|aTion funcTions 

To The analysis of groundwaTer hydrographs. 
waTer Resources Research (in press) 

Jackson, R.E. EvapoTranspiraTion of groundwaTer: a 
Time series analysis of The hydrologic regimen 
of a groundwaTer discharge area. lWD ScienTific 
Series No. l7 (in press) 

Jackson, R.E. Time-series analysis of groundwaTer 
hydrographs from surficial aquifers of The 
Canadian Shield (in press) 

Jackson, R-E., J.A. Gilliland and K. Adamowski. Time 
series analysis of The hydrologic regimen of a 
groundwaTer discharge area. WaTer Resources Research 
(in press) 

D. FUTURE WORK: 

The projecT will be compleTe wiTh The publicaTion of The 
manuscripTs lisTed above. 

E. COMPLETION DATE: 
March 3|, I974.
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Proiecf No. GW 67-I4 ‘J.A. Gilliland 

Network Design 

OBJECTIVES: 

I. To esfablish design criferia for ne+works of ground- wafer observafion wells, measuring nalural wafer 
levels and moniforing changes in groundwaler sforage, wi+h par+icular reference +0 opfimum well spacing. 
To esfablish design criferia for observafion wells 
and moniforlng insfrumenfs. ‘ 

To develop a recorder working on The variable Time 
inferval (V.T.l.) principle (see Gilliland (l968a) 
as Ilsfed-in publicafion for Projecf No. GW 68-5). 

PREVIOUS WORK: 

Publicafions 
Gilliland, J.A., I967. Observalion Well 

Inland Wafers Branch Paper 67—l. 
Program 

Gilliland, J.A., l969. Groundwafer Insfrumenfafion 
and Observafion Techniques. Proc. Hydrology Symposium 7. 

Field , 

Various types of analog and digifal recorders were insfalled a+ Swiff Currenf and Good Spirlf Lake, Saskafchewan; Offawa, Onfario; and Prince Edward Island. Four wells of various designs were insfalled a+ Del+a, Manifoba, +oge+her wi+h an experimenfal +ransducer- 
recorder sysfem and some mefeorological lns+rumen+s. 
The fofal number of insfallafions was l3 waTer=+able 
wells, 36 piezomefers, 2 barographs, 5 nesfs of soil moisfure cells, I hygrofhermograph, 2 recording rain 
gauges, l recording femperafure gauge, and approximafely 
50 plas+ic rain gauges.
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PrgiecT No. GW 67-I4 J.A. Gilliland 

The six wells in Prince Edward Island have since been Transferred To provincial jurisdicTion. These wells conTinue To be mainTained and serviced by The WaTer Survey of Canada. 
3. LaboraTory and Office 

ProToType models of The VTl recorder have been manufacTured. WaTer~level daTa are recorded on paper Tape and difficulTies have been encounTered 
in The developmenT of programs for The inpuTTing of The daTa via a Tape recorder inTo digiTal compuTer core sTorage. There may also be some hardware problems

_ wlTh The recorder iTself, The exacT naTure of which should become more obvious when The sofTware problems are resolved. Much of The recorder TesTing and develop- menT work has been carried ouT by The lnsTrumenTaTion SecTion, Glaciology Division, WaTer Resources Branch. 

WORK IN PROGRESS: 

l. Pub|lcaTions 
Gilliland, J.A. and R.E. Jackson. Some principles of observaTion well neTwork design (in preparaTion). 

FUTURE WORK: 

The neTwork design aspecTs of This projecT will be TerminaTed wiTh The appearance of The publicaTion lisTed above. 
DevelopmenT of The VTI recorder has been Temporarily suspen- ded, in parT because of The developmenT problems ouTlined above buT also because There now appear To be oTher aTTracTive possiblliTies for The design of a non convenTional recorder parTiculariy suiTed for operaTion under Canadian climaTic condiTions. 

COMPLETION DATE: 
March 3:, 1974.
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Projecf No. GW 68-4 R.L. Herr 

HydrogeoZ0gicaZ_Maps of the Lake Ontario Basin 

OBJECTIVES: 

I. To develop compu+er mefhods for fhe cons+ruc+ion of 
hydrogeological maps. 

2. To develop a compuferized mefhod for correla+ing com- 
pufer-consfrucfed geological cross-secfions. 

PREVIOUS WORK: 

I. Compuferized melhod developed for consfruc+ion of 
geological cross-secfions. 

2. Ploffing roufine developed for checking digifized 
values wifh acfual ploffed values. 

WORK IN PROGRESS 

Ediling and compilafion of well dafa confinues for some 
60,000 wells in fhe Onfario porfion of The Lake Onfario 
drainage basin. Edifed and compiled well dafa are being 
inserfed info The GOWN sysfem (see Projecf No. GW 68-5). 

FUTURE WORK: 

The immedia+e priorify in This projec+ is The preparafion 
by compufer fechniques of hydrogeological maps for +he 
following sub—basins of The Lake Onfario Basin: 

Forfy Mile Creek 
. Oakville Creek 

Wilmof Creek 
. Moira Creek 

-l>U~|f\)—
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Projec+ No, Qfl 68-4 . R.L. Herr 

The compufer-produced maps are To be compared wifh maps prepared manually by fhe On+arIo Minisfry of The Environ- men+. 

This projecf was conceived as a confrlbufion To The Infer- nafional Fleld Year on The Greaf Lakes. 

E. COMPLETION DATE: 

March 3|, I974.
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Projecl No. GW 68-5 G. Groye and J. French 

GOWN — Operation and Maintenance 

A. OBJECTIVES: 

I. To operafe and mainfain a general purpose hydro- 
geologic dafa sforage and refrieval sysfem for all 
Types of hydrogeologic da+a for The use of fhe Inland 
Wafers Direcforafe and ofher agencies. 

2. To produce aufomalically maps and secfions displaying 
hydrogeological informafion. 

B. PREVIOUS WORK: 

I. Publicalions 
Gilliland, J.A., I968. Digifizing, sforing and 

recovering groundwa+er_hydrographs. Jour. of 
Hydrology, Vol. 6, pp. I43 — I67. 

Gilliland, J.A., and A. Treichel, I968. GOWN - a 
compufer s+orage sysfem for groundwafer dafa. 
Can. Jour. Earfh Sci., Vol. 5, pp. |5l8 - I524. 

Grove, G. and J.A. Gilliland, I969. Manual on 
groundwafer dafa sforage sysfem. Infernal 
Publicafion, IWB, 4Th ed. 

Grove, G., and R.L. Herr, I97l. Sforage and refrieval 
of groundwafer dala. Proc. IHD Workshop Seminar 
on Compufer Sforing and Processing of Hydrological 
Da+a, Quebec. Can. Na+l. Comm. IHD, pp. 2! - 25. 

2. Office 
(a) Programming of well log, well dale and cafalogue 

files complefed and operalion Tesled. Programs 
have been producfion Tesfed. 

(b) A PDP-8/I digifal compu+er inferfaced wi+h a D-Mac 
Pencil Follower is being used To process da+a for 
This projecf.
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ProjecT No. 

C. WORK 

GW 68-5 G. Grove and J. French 

IN PROGRESS: 

PublioaTions 
Some principles of 

and Their 
Jour. |nT. 

and G. Grove. 
informaTion reTrieval 
informaTion exchange. 

(in press). 

Gilliland, J.A., 
daTa sTorage and 
imp|icaTions for 
Assoc. MaTh. Geol. 

Grove, G. and J.A. Gilliland. GOWN - groundwaTer daTa 
sTorage and reTrieval sysTem (accepTed for 
pub|icaTion in GSC paper on compuTer Techniques 
applied To geosciehce). 

Office 

a) EdiTing and sTorage of The daTa for The Lake OnTario 
drainage basin is nearing compleTion. QualiTy 
conTrol checks and updaTing of informaTion will 
consTiTuTe The rouTine mainTenance of The daTa (see 
also ProjecT No. GW 68-4). 

(b) DevelopmenT of programs for conTouring (work done 
by CompuTer Science Division) is compleTed, TesTing 
of The reTrieval sysTem is now in progress wiTh 
various hydrogeological maps being produced for The 
Lake OnTario drainage basin (see also ProjecT No. 
GW 68-4) . 

(c) DaTa for approximaTeIy 9,000 wells from ManiToba 
has been coded and The locaTions have been digiTized 
in preparaTion for sTorage of The daTa (see also 
ProjecT No. GW 7|-6). 

parTicipaTing in an invesTigaTion 
of inTegraTion of various DirecToraTe daTa sTorage 
and reTrieval sysTems. AdopTion of an inTegraTed 
sysTem would make oTher Types of daTa (geochemical, 
meTeoro|ogical, eTc.) available To GOWN users. 

(d) GOWN sTaff are
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Projecf No. GW 68-5 ' 

G. Grove and/J. French 

D. FUTURE WORK: 

I. Maps and secfions displaying various hydrogeological 
paramefers will be produced on a roufine basis. 

2. Digifizing, coding and sforage of da+a as required. 

E. COMPLETION DATE: 

Confinuing.
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G. Grove Projecf No. GW 70-3 

Aquifer Analysis 

OBJECTIVES: 

To develop GOWN—orlen+ed compufer programs for +he 
aufomafed analysis of fhe effecf of arflficlally induced 
aquifer sfresses. 

PREVIOUS WORK: 

Office 
Program was wriffen for aufomalically calculafing permea- 
bi|i+ies from Hvorslev slug +es+s. 

WORK IN PROGRESS: 

Nil. Ofher commifmenfs have increasingly inferfered wi+h 
+he sfudies originally planned for lhis projecf. The 
projecf has been disconfinued bu+ if is anficipafed +ha+ 
aquifer analysis problems of Lnferesf will be encounfered 
and deal? wlfh in ofher proJec+s. 

COMPLETION DATE: 

March 3|, I973.
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Proiecf No. GW 70-4 $.Y. Shiau 

Flow Pattern Analysis 

A. OBJECTIVES: 
To develop GOWN-orienTed compuTer program for The auTomaTed analysis of groundwaTer flow paTTerns To obTain: 

(a) basin recharge—discharge profiles 
(b) naTural basin yields 
(c) basin-wide waTer balance evaluaTions based 

on (a) and (b). 

B. PREVIOUS WORK: 

TheoreTical analysis of regional groundwaTer flow by R.A. Freeze. 

C. WORK IN PROGRESS: 
I. FiniTe elemenT analysis and programming of 2—dimensional sTeady sTaTe groundwaTer flow. 
2. DevelopmenT of programs for auTomaTed formaTion of The finiTe elemenTs according To The permeabiliTy configura- Tion. V

T 

FUTURE WORK: 
I. To develop programs for The consTrucTion of The equi- poTenTial map, The flow neT and The recharge-discharge profile. 
2. To develop programs for The calculaTions of The naTural basin yield, The evapoTranspiraTion from The discharge and recharge areas and Their conTribuTion To The basin- wide waTer balance evaluaTions. 

COMPLETION DATE: 
March 3|, I974.
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Project No. GW 70-5 G,,Grove 

Development of GOWN 

A. OBJECTIVES: 

To develop new files as necessary for The aufomaled 
slorage of new Types of dafa for GOWN. 

2. To develop new aufomaled procedures and formals 
for displaying hydrogeologlcal informalion. 

B. PREVIOUS WORK: 

I. Publicalions 
Gilliland, J.A., I968. Digilizing, sforing and 

recovering groundwaler hydrographs. Jour. of 
Hydrology, Vol. 6, pp. I43-I67. 

Gilliland, J.A., andWA. Treichel, -l968.Z sow -Alla 

compufer slorage syslem for groundwafer da+a. 
Can. Jour. Earfh Sci., Vol. 5, pp. l5|8 - I524. 

Grove, G., and J.A. Gilliland, I969. Manual on 
groundwaler daTa slorage sysfem. Infernal 

=- Publicalion, IWB, 4Th ed. 

Grove, G. and R.L. Herr, l97l. Sforage and refrieval 
of groundwaler dala. Proc. IHD Workshop Seminar 
in Compuler Sloring and Processing of Hydrological 
Dafa, Quebec. Can. Nall. Comm. IHD, pp. 2| - 25. 

2. Office 
(a) Programming of well log, well dale and 

cafalogue files complefed and operalion 
lesled. Programs have been producfion Tesfed. 

(b) A PDP-8/l.digi+a| compufer inlerfaced wifh a 
D-Mac Pencil Follower is being used To process 
dala for +his projecf.



ProjecT No. GW 70-5 G. Grove 

C. WORK IN PROGRESS: 

I. PublicaTions 
Gilliland, J.A. and G. Grove. Some principles of 

daTa sTorage and informaTion reTrieva| and 
Their implicaTions for informaTion exchange. 
Jour. |nT. Assoc. MaTh. Geol. (in press). 

Grove, G. and J.A. Gilliland. GOWN — groundwaTer 
daTa storage and reTrieval sysTem (accepTed 
for pub|icaTion in GSC Paper on compuTer Tech- 
niques applied To geosciences). 

2. Office 

(a) Programming of hydrograph file is nearing 
comp|eTion wiTh TesTing of The operaTion 
of The programs for ediTing and sToring 
hydrograph daTa. 

(b) A "general purpose reTrieva|" program for 
refrieving unprocessed daTa from The well 
log, well daTa and caTalogue files has been 

\ 

linked wiTh a seT of programs for processing 
\ The reTrieved daTa. These programs ouTpuT 

' basic hydrogeologic maps (waTer Table conTour, 
isopach, eTc.) by a compleTely auTomaTed process. 
The programs are being producTion TesTed using 
daTa from The Lake OnTario drainage basin. 

D. FUTURE WORK: 

I. To develop a seT of programs for converTing STevens 
recorder charTs and Fischer-PorTer, OTT and Boyle 
recorder Tapes in a compuTer processable formaT in 
preparaTion for inpuT inTo The hydrograph file. 

To inTegraTe The hydrograph file inTo The reTrieva| 
sysTem Through The developmenT and adopTion of 
ploTTer and sTaTisTica| rouTines for TTme series daTa. 

To develop new daTa files for borehole log informaTion, 
eTc. as These become needed.
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Projecf No. GW 70-5 G. Grove 

4. To invesfigafe display Techniques such as The 
aufomafed producfion of fence diagrams. 

5. To develop programs for sfafisfical and ma+hema- 
Tical analysis of hydrogeologic dafa and for 
manipulaflon of geochemical and mefeorological 
dafa. 

E. COMPLETION DATE: 

Con+inuing.
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ProiecT No. GW 7|-6 R R.L. Herr 

Hydrogeological Maps of Manitoba 

OBJECTIVES: 

To consTrucT hydrogeological maps of selecTed areas in 
ManiToba uTili2lng The GOWN compuTerized groundwaTer 
daTa sTorage and reTrievaI sysTem. 

PREVl0US,WORK: 
WiTh The cooperaTion of The provincial governmenT, waTer- 
well daTa for approximaTe|y 9,000 ManiToba wells were 
col|ecTed and coded in The GOWN formaT as parT of a |97l 
federal govennmenT wlnTer works program. %These daTa have 
now been keypunched, The well |ocaTions dlgiTlzed, and 
all daTa puT on magneTic Tape for ediTlng. 

WORK IN PROGRESS: 

AcTivlTy in This projecT has been suspended for The Time 
being To allow emphasis To be placed on higher—prioriTy 
projecTs. 

FUTURE WORK: 

I. EdiTing of The daTa now on magneTic Tape. 
2. PreparaTion of auTomaTical|y consTrucTed maps 

for selecTed areas. 

COMPLETION DATE: 

UncerTain aT This Time due To oTher prioriTies.
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Projecf No. GWO 69-3 R.L. Herr 

Groundwater Regime 
Central Research Forest 

A. OBJECTIVES: 

To de+ermine fhe direcfion of groundwa+er movemen+, and 
The magnifude of fhe annual wa+er—+ab|e flucfuafion 
fhroughoul The Cenfral Research Foresf of lhe Federal 
Foresl Managemenf lns+i+u+e. 

B. NATURE OF REQUEST: 
Verbal requesf by The Manager of fhe Cenfral Research 
.Fores+ To The Hydrology Research Division. 

C. ORGANIZATION OF PROJECT: 

Groundwafer aspecfs carried ouf by fhe Hydrology Research 
Division sfaff in co—opera+ion wifh personnel of The 
Geological Survey of Canada and Cenfral Research Foresf 
who were engaged in relafed invesfigafions. 

D. PRESENT STATUS: 

l. Publicafions 
Bik, M.J.J., R. Herr and J. Salm, l97l. Saline 
groundwafer, Cenfral Research Foresf, Ramsayville, 
Onfario. Reporf of Ac+ivi+ies, Par+ A: April To 
Oclober, I970. GSC Paper 7|—lA, pp- I49 — I54. 

2. Field 

Field sfudies began in I969 and included some fesl 
drilling and fhe insfallafion of piezomefer nesfs 
and shallow observalion wells. Pumping Tesls were 
also carried ou+ and groundwafer sampled for conduc— 
+ivi+y measuremenf. A number of confinuous wafer 
level recorders were also insfalled. A resisfivify 
survey was conducfed.
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ProjecT No; GWO 69-3 R.L. Herr 

3; Office 

ObservaTion well hydrographs are being collecTed 
for inserTion inTo The GOWN hydrograph file, 

FUTURE WORK: 

A reporT describing The resulTs of The resisTiviTy survey 
will be compleTed. This will compleTe The invesTigaTion 
as far as The Hydrology Research Division is concerned. 
WaTer-level daTa will conTinue To be co|lecTed, however, 
and will be available To The Manager and sTaff of The 
CenTral Research ForesT. 

COMPLETION DATE: 

March 3l, I974.



Projecf No. ewo 71-1 - R.L. Herr 

AU 

Hydrogeological Maps of Canada 

OBJECTIVES: 

To cons+ruc+ hydrogeological maps of Canada on a scale of l:l0,000,000 as follows: 
Surficial hydrogeology showing locailon and dislribufion of surficial aquifer maferials, yields of wells, and wa+er qualify. ' 

Bedrock hydrogeology showing locaflon and disfribufion of bedrock aquifers, yields of wells and wafer qualify. 
Observafion wells showing locafion and agency involved, purpose, and whefher 
well is for wafer Table or piezomefer measuremenfs. 

NATURE OF REQUEST: 

Wriifen requesf from fhe Canadian Secre+aria+ of +he ln+erna- fional Hydrological Decade (IHD) +0 con+ribu+e To fhe lHD's Canadian Hydrological A+las. 

PREVIOUSIWORK:

~ 
Office 
Da+a have been collecfed from Federal and Provincial agencies and ofher sources. These have been edifed, compiled and placed on suifable base maps. 

Visl+s were made To provincial agencies To obfain unpublished da+a. ~

62



D. FUTURE WORK: 

Complefion of mapping and submission of maps +0 IHD. 

E. COMPLETION DATE: 

December 3|, I973. 

$3 
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ProjecT No, SN 68 - ll M.L. Parsons 

Regional Groundwater Flow and 
Subsurface Zemperatures in a Maritime Province Coastal Environment 

AD OBJECTIVES: 

I. To invesTigaTe The naTural regional groundwaTer flow and 
heaT Transfer in fracTured media in a MariTime Province 
coasTal environmenT. 

2. To assess The effecT of groundwaTer wiThdrawa| on The 
regional groundwaTer hydrodynamics, in parTicular on 
The fresh—sa|ine groundwaTer TransiTlon zone. 

3. To explore The applicaTion of geoThenna| measuremenTs To 
The eva|uaTion of groundwaTer flow. 

PREVIOUS WORK: 

I. Pub|lcaTions 

Parsons, M.L., I972. DeTerminaTion of Hydrogeological 
ProperTies of Fissured Rocks. Proc. |nT. Geol. Con., 
24Th Session, SecT. ll, MonTreal. 

2. Field 

(a) MeasuremenT of fraeTure orlenTaTions in ouTcrops along 
65 sample lines in easTern New Brunswick and I8 sample 
lines in Prince Edward Island. 

(b) WaTer injecTion TesTing in six exisTing observaTion wells 
in Prince Edward Island and eighT exisTing observaTion 
wells aT Shippegan, New Brunswick, ToTalling l,500 feeT 
of borehole. 

(c) TemperaTure logging of 23 exisTing observaTion wells in 
The ElioT.River area, Prince Edward Island and I7 
observaTion wells aT Shippegan, N.B. in I969 and I970. 

(d) |nsTal|aTion of 5 piezomeTers and I deep open hole in 
Two nesTs aT Cap Pele, New Brunswick To define The geology 
of The projecT area and To obTain groundwaTer head daTa. 
WaTer injecTion TesTing of The open borehole and geophysical 
borehole logging of The deepesT borehole in each nesT were 

‘ compleTed. 

(e) Geophysical borehole logging of exisTing observaTion wells 
in New Brunswick and Prince Edward Island To deTermine 
sTraTlgraphlc variaTions and borehole condiTions, a knowledge 
of which is necessary for The proper inTerpreTaTion of 
injecTlon TesT daTa.
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(f) Borehole phoTography of Two observaTion wells in 
Prince Edward Island. 

3. Office 

(a) PreparaTlon of a compuTer program To analyze waTer 
injecTlon TesT daTa and To esTimaTe The mean and 
sTandard devlaTion of The fracTure aperTure populaTion. 

(b) PreparaTlon of a compuTer program To deTermine geomeTric 
parameTers of rock fracTure seTs. 

(c) PreparaTion of a compuTer program To calculaTe The 
inTrinsic permeabiliTy Tensor and principal permeabl|iTy 
axes. 

WORK IN PROGRESS: 

PreparaTloh of a reporT in co|laboraTion wiTh coordinaTors’9f 
GW 70 - 7 and GW 70 - 9 on The hydrogeology of The Cap Pele 
sTudy siTe. - 

ESTIMATED COMPLETION DATE: 

March 3|, I974 
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ProjecT No. GW 68 - I2 H. Lazreg 

Geophysical Methods Applied to the 
Study of Seawater Ifitrusion 

OBJECTIVES: 

Eva|uaTion of The appIicaTion of geophysical meThods in The 
characTerIsTlc hydrogeologic envlronmenT of The MariTime 
Provinces To: 

I. The |ocaTion of The inTerface or TransiTion zone beTween 
fresh and saline waTers in aquifers affecTed by seawaTer 
inTrusion. 

2. The deTerminaTion of horizonTal and verTical variaTions 
in groundwaTer qua|iTy in The viciniTy of The inTerface 
or TransiTion zone. 

3. The observaTion of displacemenT, disTorTion or broadening 
of The inTerface or TransiTion zone due To naTuraI or man- 
made causes. 

PREVIOUS WORK: 

I. Pub|icaTions 

Lazreg, H., I972. App|IcaTion of surface resisTiviTy 
meThods To The deTecTion of sa|T waTer inTrusion 
in Shippegan, N.B. CIM Trans. 25, pp. 32-4|. 

Lazreg, H., I973. MasTer curves for The Wenner array. 
IWD Sci. Series I5, I09 pages. 

2. Field 

(a) De|ineaTion of The IaTeral inTrusion zone, in Shippegan 
and Cap Pélé, N.B.; and In The EIioT River area, P.E.I. 
by surface eIecTricaI resisTiviTy profiling. 

(b) lnvesTigaTion of The verTical variaTion in conducTiviTy 
of The geological formaTIons by resisTiviTy soundings in 
The above—menTioned areas. 

(c) ApplicaTion of induced po|arIzaTion as an aid in 
dIfferenTiaTing beTween sandsTone saline waTer bearing 
formaTions and clayey layers in P.E.l. and in Cap Pélé 
and Shippegan, N.B.
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(d) 

(e) 

(f) 

(g) 

(h) 

(i) 

WORK IN PROGRESS: 

I. Publicafions 

lnsfallafion of conducfivify cells in deep formafions 
af Summerside, P.E.l. To serve as a warning device fo 
monifor and predicf verflcal movemenfs of The fresh- 
brackish wafer inferface. 

Delineafion by resisfivify profiling of laferal saline 
wafer confamlnaflon resulfing from brine disposal in 
Esferhazy, Saskafchewan. 

Deferminafion of horizonfal\variafions in near-surface 
salinify due fo a presumed upward flow of groundwafer 
af Mer Bleue, Onfario. 

Applicafion of VLF ground survey (EM—|6) fo Shippegan 
salfwafer infrusion. 

Applicafion of surface resisfivify fo fhe delineafion 
of conducfive zones in granific rocks near Halifax, N.S. 

Observafion of displacemenf and dlsforfion of fhe salf 
wafer—fresh wafer inferface in Shippegan, N.B., by 
surface resisfivify. 

Lazreg, H. Reconnaissance resisfivify survey around a brine pond, 
Esferhazy, Saskafchewan (under review). 

2. Field 

Applicafion of borehole geophysical logging +0 The sfudy of 
marifime aquifers. 

3. Office 

Preparaflon of reports on resisfivify resulfs obfained in Summerside, 
P.E.l.; Mer Bleue, Onfario and Sable Island, N.S. 

FUTURE WORK: 

I‘. Field 

Field fesfing of Magnefo-felluric sounding.
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2. Office 

(a) Prepara+ion of reporfs. 
(b) Liferafure survey of The applicafion of airborne 

geophysical Techniques and sa+elli+e measuremenfs 
To groundwafer sfudies. 

E. COMPLETION DATE: 

March 3|, I974
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A. 

J.E. Gale 

Hydrogeology of Fractured Media 
in the Halifax area 

OBJECTIVES: 

I. To evaluaTe The geomeTric and hvdrologic parameTers 
of fracTured rock in The Halifax area. 

2. To evaluaTe The hydraulic characTerisTics of a major 
shear Zone and iTs influence on The local and regional 
groundwaTer flow sysTem. 

3. To evaluaTe The applicabi|iTy of pump TesT Theory To 
flow in fracTured rocks by (l) aTTempTing To measure 
The change in fracTure aperTures wiTh change in pore 
pressures and (2) measuring The poTenTial disTribuTion 
in The plane of individual fracTures under pumping 
condiTlons. 

PREVIOUS WORK: 

Field 

(a) Geological mapping and measuremenT of fracTure 
sysTems in The slaTes, quarTziTes, and graniTe of 
Halifax CounTy. 

Drilling in I970 of Two verTical holes and one 
inclined hole To explore The characTerisTics of 
a major shear zone aT depTh. PiezomeTers were 
.insTa|led in The Two verTical holes, slug TesTs 
were performed, and The waTer levels in The Two 
piezomeTers were moniTored for a one monTh period 
in |97| and for a Three monTh period in I972. 

(b) 

(c) Two NX diamond drill holes and four percussion 
drilled wells (4-inch diameTer) were drilled 
during The I972 field season. The Two NX holes 
were logged wiTh a borehole periscope To a depTh 
of 40 feeT and all The fracTures observed were 
pressure TesTed. These wells were drilled aT The 
Sambro TesT siTe locaTed abouT 20 miles souThwesT of 
Halifax,
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(d) WaTer well recorders were placed on Three of The 
4-inch wells. 

Office 

(a) Published waTer—well daTa for The Three fracTured 
rock aquifers (s|aTes, quarTziTes, and graniTe) 
in Halifax CounTy were analyzed To deTermine The 
disTribuTion of specific capaciTy and Transmissi- 
bi|iTy values for The Three aquifers. 

(b) Pressure TesT daTa from wells drilled in The 
sa|Tes and quarTziTes in The ciTy of Halifax were 
used To calcu|aTe values of permeabiliTy. 

(c) DaTa collecTed from The measuremenT of spacing 
and orienTaTion of fracTure sysTems were analyzed 
To calcu|aTe The componenTs of The permeabi|iTy 
Tensor for l5 differenT localiTies in Halifax 
CounTy. Several addiTlonal calculaTions will be 
made using differenT aperTure disTribuTion models. 

(d) A Two-dimensional, coupled sTress—flow, finiTe- 
elemenT model developed by The Geological Engin- 
eering deparTmenT, UniversiTy of California aT 
Berkeley was used To obTain soem idea of aperTure 
changes To be expecTed wiTh differenT pore 
pressures. 

LaboraTory 

(a) 

(b) 

(c) 

A device for measuring The changes in fracTure 
aperTure was designed in conjuncTion wiTh Dr. J. 
Kruus during |97|—72 and was fabricaTed by F.P. 
lndusTries of OTTawa during The period of May To 
SepTember I972. 

A consTanT-head discharge-conTro| Tank for con- 
Trolling The raTe of flow during pump TesTing of 
small capaciTy wells was consTrucTed and success- 
fully field TesTed during May I972. ConsTrucTion 
of The Tank was based on suggesTions made by Mr. 
T. Hurr of The U.S.G.S., Denver Office. 

lnf|aTab|e packer assemblies were consTrucTed for 
pressure TesTing individual fracTures and were 
successfully field TesTed during June, I972. 
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40 

J.E. Gale 

WORK IN PROGRESS: 

Publioafions 

A paper is being prepared dealing wiTh The geomefric and 
hydrologic parameTers of The fracTured rocks in Halifax 
CounTy, Nova ScoTia. 

Field 

Rainfall and wafer levels are being measured aT The 
Sambro TesT siTe. STevens' F recorders have been mounfed 
on Three wells and weekly waTer level measuremenfs are 
being made in The remaining wells. This will provide informa- 
Tion on The hydraulic connecTion beTween The wells and The 
response of The individual wells To rainfall. 

Office 

(a) ATTempTing To correlafe piezomefric dafa from a major 
shear zone wiTh baromefric, surface Temperafure, and Tidal 
informafion. 

(b) Analysis of The daTa obfained from pressure TesTs and 
pump TesTs carried ouT aT The Sambro Tesf siTe in I972. 

(c) Using The resulfs from The above analysis, a digiTal 
model of The Sambro Tesf siTe will be consTrucTed 
using an axL1wmeTric, coupled sTress—f|ow finiTe-elemenf 
program. 

LaboraTory 

(a)CalibraTion and laborafory Tesfing of The fracfure 
displacemenf gauge. 

€b)LaboraTory Tesfing of diamond drill cores To defermine 
The consTanTs To be used in The digiTal model. 

D. FUTURE WORK: 

Field 

(a) Field TesTing of The fracfure deformaTion gauge 
and collecfion of dafa on fracTure aperTure changes 
wiTh changes in pore pressure. ' 

(b) Periscope logging and pressure Tesfing of The four 
percussion holes drilled in laTe Augusf, I972.

74



Progecw No. GW 70-! 
' 

J.E. Gale 

2. Office 

(a) Comparison of aperfure changes measured in The 
field and aperfure changes predicfed by The 
digifal model. 

E. COMPLETION DATE: 

All field work will be complefed during The summer of I973. The 
esfimafed complefion da+e, including The preparafion and finalizafion 
of reporfs, is March 3|,'|974.
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Natural Groundwater Motion 
in Coastal Aquifers 

OBJECTIVES: 

To sTudy Tidally induced groundwafer mofions and Their 
relaTion To The hydraulic characTerisTics of The main 
waTer—bearing aquifers and_of The confining layers. 
To develop pracfical mefhods of analyzing Tidal 
flucTuaTions and of removing These from wafer level 
records such as drawdown daTa. 

To compare aquifer paramefers deTermined by pump 
TesTing To Those deTermined by Tidal analysis. 
To sfudy The naTural variafions of waTer saliniTy 
in coasTal aquifers wlTh posiTion and Time and 
aTTempT To find a relaTion befween These and The 
lobserved Tidal flucTuaTions, mean waTer levels, and 
aquifer characTerisTics. 

PREVIOUS WORK: 
Publicafions 
.van der Kamp, G., I972. Tidal flucTuaTions in a 

confined aquifer exTending under The sea, 24Th 
lnTernaTional Geological Congress, SecTion II, 
pp. IOI-I06. 

(a) lnsTal|aTion of arrays of observafion wells 
aT Cap Pelé, N.B., and York PoinT, P.E.l., 
during I969, I970, l97l. 

(b) Collecfion of all relevanf daTa including waTer- 
level records, pump-TesT and slug-TesT daTa, well 
elevaTions, and waTer saliniTies during summers 
of i970, l97l, I972.
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(c) MonThly measuremenTs of waTer levels and 
saliniTies aT York PoinT, P.E.l. and in 
oTher piezomefers in The nearby E|ioT River 
_area, during The Two year period, I970-72. 

3. Office 
(a) DevelopmenT of simple meThods for separaTing 

observed Tidal flucTuaTions inTo Two main 
componenTs, wiTh or wiThouT use of a compuTer. 

(b) Analysis of Tidal and pump—TesT daTa. 

(c) DevelopmenT of a general Theory for Tidal 
moTions in confined, semiconfined, and un- 
confined aquifers. 

WORK IN PROGRESS: 

I. PublicaTions 
van der Kamp, G. The propagaTion of Tidal flucTua- 

Tions Through Thin aquifers, Ph.D. Thesis, 
Free UniversiTy of Amsferdam. ' 

2. Office 
FurTher analysis of Tidal and pump—TesT daTa. 

FUTURE WORK: 

I. Office 
(a) FurTher analysis of daTa and developmenT of 

Theory for subsea Tidal flucTuaTion. Publi- 
caTion on subsea Tidal flucTuaTions and The 
"loading" effecT, if warranTed by resulTs. 

(b) Analysis of sa|iniTy and mean wafer-level 
daTa in order To obTain beTTer undersTanding 
of The process of salT—waTer inTrusion under 
naTural condiTions. PreparaTion of informal 
or of a publicaTion if warranTed by resulTs.
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E0 

y(c) 

(d) 

G. van oer Kamp 

Preparafion of a manual on use of The +idal 
mefhod wifh emphasis on pracfice if warranfed 
by requesfs and enquiries. 
The work mighf also exfend info an analysis 
of dafa and developmenf of Theory for well 
response and preparafion of a repor+ on 
well-aquifer sysfems including discussion 
of slug +es+s, well oscillafions and correc- 
fion of fidal and pump-+es+ wafer-level dafa 
for well response. 

COMPLETION DATE: 

March 3|, I974.
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Hydrogeological Reconnaissance Study 
Newcastle — Chatham Area 

OBJECTIVES: 

I. To deTermine The hydrosTraTigraphy of The NewcasTle — 
ChaTham region in re|aTion To fuTure developmenT of 
municipal and indusTrial groundwaTer supplies. 

2. To idenTify saline groundwaTer inTrusion problems 
on which fuTure groundwaTer developmenT research 
may be focused. 

PREVIOUS WORK: 

I. Field 

(a) ForTy deep resisTiviTy soundings To delineaTe 
The hydrosTraTigraphy of The area and To 
deTecT groundwaTer qualiTy variaTions. 

(b) Drilling of TesT-holes which confirmed The 
presence of salT-waTer inTrusion along The 
souTh side of The Miramichi River aT ChaTham, N.B. 

Office 

ExaminaTion of available waTer 4 well invenTory daTa 
and inTerpreTaTion of field resulTs, 

WORK IN PROGRESS: 

PreparaTion of final reporT: Hydrogeology of The ChaTham-NewcasT|e 
area, N.B. —’a geoe|ecTrica| sTudy (under review). 

COMPLETION DATE: 

December 3|, I973.
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_ 

A. Vanden Berg 

WeZZ—FieZd Design, 
Coastal Environment 

A. OBJECTIVES; 

B. PREVIOUS WORK: 

l. To develop a maThemaTlcal model and compuTer 
program To simulaTe sa|T waTer infrusion induced 
by producTion of fresh waTer from a coasTa| aquifer. 

2. To develop design criferia for The developmenT of 
well fields in coasTal aquifers. 

A maThemaTical model and compufer program have been 
prepared To simulaTe The movemenT of a salT-waTer inTru- 
sion fronT during pumping from a well field in a coasTal 
aquifer. The model uses a sTandard finiTe-difference 
Technique for The calcu|aTion of The Time-dependenf piezo- 
meTric surface; from The piezomeTric surface, The gradienTs 
and ve|ociTies of a seT of moving parTicles locaTed on 
The fresh waTer e salT waTer boundary are deTermined.

_ These gradienT and ve|ociTy values are Then used To esTablish 
The new posiTions of The moving parTic|es afTer The passage 
of a selecTed finiTe Time elemenT. The model is limiTed 
aT presenT To horlzonTal, confined and isoTropic aquifers; These however may be inhomogeneous. IT is furThermore 
based on The assumpTion ThaT no verfical sTraTificaTion 
of sa|T and fresh waTer occurs or, in oTher words, ThaT 
The densiTy conTrasT can be neglecTed. The model has been 
shown To perform well by comparison wiTh analyTical solu- 
Tions for The case where a single pumping well is locaTed 
near an infiniTe linear recharge boundary. ' 

FurThermore, a seT of basic criTeria for The posiTion and 
pumping raTe of a single well in a coasTa| aquifer have been 
developed. These relaTe The exTenT of The lnTrusion, and 
The Time Taken for The inTrusion To advance To The well, To 
The magnifude of The=piezomeTric gradienT in The aquifer 
under nonpumping condiTions.

X
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C. 

A. Vanden Berg 

PRESENT WORK: 
Field 

TesT drilling and pump TesTing in ChaTham, N.B., To 
acquire The necessary hydrogeologic informaTion for 
applicaTion of The model as an aid in The design of 
a well field. 

Office 
DevelopmenT of design criTeria for coasTal well fields 
of more Than one well, of which some are pumping salT 
wafer. An analyTlc procedure has been worked ouT for 
The case of Two wells (one sa|T waTer well, one fresh 
waTer well); a oompuTer procedure for The drawing of 
flow neTs in a mulTip|e well field is in progress. 

FUTURE WORK: 

ExTension of The model To allow for anisfropy and 
leaky aquifers, and possibly for pressure depend- 
ence of Transmissivify. 

DeveIopmenT of a model suiTab|e To a sysTem of 
horlzonTa|ly layered aquifers, by means of a 
cylindrical coordinafe sysTem and superposiTion 
of soluTions for The represenTaTion of boundaries. 

An assessmenT of The effecTs of uncerTainTies in 
The values of Transmisslvify assigned To The model.

8|
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ProjecT No} GW 67-4 R.O. van Everdjngen 

Bedrock Aquifers of the Western Sedimentary Basin 

OBJECTIVES: 

To invesTigaTe properTies and processes, leading To 
an explanaTion of The chemisTry and movemenT of forma- 
Tion waTers in The basin. 

AssessmenT of The poTenTlal of The formaTlon waTers as 
an economic resource (in Terms of waTer, dissolved 
consTiTuenTs, conTained heaT) and as an engineering 
hazard. 

PREVIOUS WORK: 

Office 
(a) SelecTed chemical 

peTroleum drilling 
have been coded. 

and pressure daTa from 
in AlberTa and SaskaTchewan 

(b) A reporT on "GroundwaTer in PermafrosT Regions 
of NorTh America" was prepared wlTh J.R. Williams 
of U.S.G.S. BosTon, Mass. 

(c) ReporTs have been prepared on resuITs of invesTi- 
gaTion of Thermal and non-Thermal springs in NorTh 
BriTish Columbia and Yukon TerriTory. 

Field 

(a) P.F.R.A. is conTinuing piezomeTric measuremenTs 
in The RiverhursT area, around Dlefenbaker Lake, 
Sask., on a four Times per year basis since 
January, I972. 

(b) A number of springs and major groundwaTer discharge 
areas were invesTigaTed in NorThern Yukon and The 
DisTricT of Mackenzie during The summer of l973J
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R.O. van Everdingen 

3. Lab9raiQr_ ~ ~ 
(a) TesTing of The combinaTion glass and reference 

elecTrode for pH measuremenTs under pressures of 
up To 3000 psi was delayed by The need for 
special parTs. 

-(b) Work was sTarTed on developmenT of insTrumenTa- 
Tion of pressure, TemperaTure and H2O- phase 
(liquid or solid) in freeze-Thaw environmenTs. 
A resisTance frosT gauge and ThermisTers were 
insTa||ed in The experimenTa| p|oT aT The ISPG 
building in Calgary in November, I972. An AC 
ohm meTer was developed as The readouT insTrumenT 
for This. 

4. Pub|icaTion 
Williams, J.R. and van Everdingen, R.O., I973. 

GroundwaTer invesTigaTions in PermafrosT 
Regions of NorTh America. NorTh American 
ConTrlbuTion, PermafrosT Second lnT. Conference, 
NRC/NAS. WashingTon, D.C., p. 435-446. 

C. 
I 

WORK IN PROGRESS: 

l. Office 
(a) Coding of addiTlonal analysis and pressure daTa 

from peTro|eum drilling in The Yukon and NorThwesT 
TerriTories.~ 

(b) CorrecTion of daTa files for SaskaTchewan and 
AlberTa. 

(c) |nvenTory of major groundwaTer discharge areas, 
winTer open waTer and aufeis occurrences in Yukon 
TerriTory and wesTern disTricT of Mackenzie. 

(d) PreparaTion of a paper on "GroundwaTer in perma- 
frosT regions of Canada" for The IHD PermafrosT 
Hydrology Symposium, Calgary, February, I974.



Projecf No,.GW 67-4 R.O. van Everdingen 

2. Laborafory 
(a) Adapfafion andgfesfing of pressure Transducers 

for measuremenf of pressures in freeze-Thaw 
condifions. 

(b) Developmenf of insfrumenfafion for measuremenf 
of femperafure using diodes. 

FUTURE WORK: 

I. Office 
(a) Coding and processing of remaining chemical 

and pressure dafa. 
(b) Preparafion of reporfs on resulfs of field invesfigafions and laborafory sfudies. 

(a) Furfher invesfigafion of groundwafer discharge phenomena in Yukon Terrifory and Disfricf of Mackenzie. 
(b) Field fesfing of "frosf" insfrumenfafion. 

3. Laboraforx 
Furfher developmenf of insfrumenfafion. 

COMPLETION DATE: 

March I974 for porfion of projecf dealing wifh dafa processing (only if addifional help can be obfained). Porfion of projecf dealing wifh influence of permafrosf is jusf sfarfing and no esfimafe of complefion dafe can be given af This sfage.

87



ProjecT No. GW 67-9 D.W. Lawson 

Principles of Groundwater Pollution 

A. OBJECTIVES: 

l. To gain an undersTanding of The Theory of physio- 
chemical TransporT phenomena in porous media. 

2. To develop maThemaTical models of physio—chemical 
TransporT phenomena. - 

3. To demonsTraTe The employmenT of These models in 
sTudies of wasTe disposal, sa|T-waTer inTrusion, 
Tracer movemenT, eTc. 

B. PREVIOUS WORK: 

Elrick, D.E. and D.W. Lawson, I969. Tracer Techniques 
in Hydrology. NaTional Research Council, Proc. 
Hydrology Symposium No. 7: lnsTrumenTaTion and 
ObservaTlon Techniques, VicToria, pp. |55=l87. 

BachmaT, Y. and D.W. Lawson, I970. A new conducTiviTy 
meThod for deTermlning concenTraTions in parallel 
p|aTe models. J. Hydrology, Vol. II, No. 2, 
PD. I45-I52. 

Lawson, D.W., l97l. |mprovemenTs in The finiTe difference 
soluTion of Two—dimensional dispersion problems. 
WaTer Resources Research, 7 (3), pp. 721-725. 

Lawson, D.W., l97l. A new meThod for deTermlning and 
inTerpreTing dispersion coefficienTs in porous 
media. Ph.D. Thesis, Univ. Guelph, Guelph, 
OnTario, Canada. 

Lawson, D.W. and D.E. Elrick, I972. A new meThod for 
deTermlning and inTerpreTing dispersion coefficienTs 
in porous media. lnTernaTional Symposium on The 
FundamenTals of TransporT Phenomena in Porous Media, 
ISSS and IAHR, UniversiTy of Guelph, Guelph, OnTario, 
Canada, Aug. 7-II, Volume 2, pp. 753-777.
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ProiecT No. GW 67-9 D.W. Lawson 

2. Office 
(a) An inTroducTion To The Theory of physio- 

chemical TranporT phenomena is conTained 
in The above—menTioned paper by Elrick 
and Lawson. 

(b) LaboraTory equipmenT for deTermining 
hydrodynamic dispersion coefficienTs 
has been designed and iT is described 
in The auThor's Ph.D. Thesis. 

(c) |mprovemenTs have been made in The 
finiTe'difference soluTion of The 
hydrodynamic dispersion equaTion 
(Lawson, |97la). 

3. LaboraTory 
(a) 

(b) 

(a) 

A new Technique has been developed for 
deTermining soluTe concenTraTions in 
parallel-plaTe sand models and is 
described in The paper by BachmaT and 
Lawson. 

The equipmenT for deTermining dispersion 
coefficienTs has been consTrucTed and a 
series of experimenTs have been conducTed. 
These experimenTs have been inTerpreTed in 
The paper by Lawson and Elrick. 

WORK lN PROGRESS: 

Office 
PreparaTion of a paper on dispersion equaTions for 
hydraulically classified flow in porous media. 

FUTURE WORK: 

Office 

A conTinuing review of The liTeraTure 
on physio-chemical TranpsorT phenomena 
in porous media.
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‘ 

o,w, Lawson 

E. 

(b) Developmenf of mafhemafical models 
for subsurface wafer qualify problems. 

(c) A comprehensive review of groundwafer 
confaminafion problems and research 
needs. 

ESTIMATED COMPLETION DATE: 

Confinuing. 
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ProjecT No,_GW 67-I2 J.A. Vonhof 

The Effect of Waste Disposal Basins 
on the Groundwater Regime 

The research projecT is being carried ouT around 
lnTernaTional Minerals and Chemical CorporaTion (Canada) LimiTed, K-2 (poTash) mine in The viciniTy of The Town of EsTerhazy in 
souTheasTern SaskaTchewan wiTh full cooperaTion of The company. Large volumes of wasTe, boTh solid and liquid, are generaTed 
as a resulT of mining and processing of poTash ore. These 
wasTes are sTored in naTural depressions and/or consTrucTed 
pond areas near The planT. 

A. OBJECTIVES: 

I. To sTudy The effecT of The wasTe disposal basin 
on The local groundwaTer regime. 

2. To deTermine if and when remedial measures musT 
be Taken To limiT The spread of subsurface 
polluTion. 

3. To evaluaTe The long-Term effecTs of The wasTe 
disposal basin on The surface waTer resources 
in The area. 

4. To recommend possible a|TernaTive soluTions 
To The wasTe disposal problem around poTash 
mines based on The ouTcome of The above sTudy. 

B. PREVIOUS WORK: 

I. PublicaTions 
Vonhof, J.A., l97|. wasTe disposal problems near 

poTash mines in SaskaTchewan, Canada: XV Cong. 
|nT. Union Geodesy and Geophysics, Moscow, 
U.S.S.R., Proc. Symp. PolluTion of GroundwaTer 
(in press). T
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Field 

(a) I967 - Field work during The summer of I967 consisTed primarily of a farm well invenTory, collecTing of waTer samples for chemical analysis, map compilaTion and augerlng. 
lb)" I968 - A TesT drilling program was conducTed during The summer To deTermine The regional geological seTTing of The area. AddiTlonal waTer samples were collecTed To beTTer define The groundwaTer chemisTry of The area. 
(c) I969 e A TesT drilling and sidehole sampling program To obTain deTailed sTraTigraphic informaTion in The viciniTy of The disposal basin near l.M.C.C. K-2 mine was compleTed during The summer of i969. 

v(d) I970 - A surface resisTivlTy survey was carried ouT by Dr. H. Lazreg, WaTer Resources Branch. Seven observaTion wells and one sTill well were consTrucTed during The winTer of I970/7|. 
The daTa obTained from The regional and deTailed TesT drilling programs show: 

(3) On The bedrock surface (Riding MounTain FormaTion of Upper Cre- Taceous age) The presence of a large basin parTially flanked on each side by bedrock uplands wiTh Three ouTleTs aT differenT eleva- Tions. 
(ii) A large aquifer sysTem in The basin covering an area of approx- 

imaTely l,000 square miles. 
(iii) The presence of a large recharge 

area, connecTed wiTh The aquifer sysTem, approxlmaTely l0 miles norTh of EsTerhazy. Only The
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C. WORK 

Vonhof, 

o. Gw_6i-I2 Vonhof 

souThern limiT of This recharge 
area has been reasonably well 
defined. A Typical geological 
secTion shows 5 I0 feeT of 
oxidized sandy and silTy Till, 
(BaTTleford FormaTion) overlying 
I00 - I50 feeT of sand. The waTer 
Table is approximaTely 50 feeT 
below surface. 

(iv) The presence of badlands Topography 
on The bedrock surface in The 
viciniTy of l.M.C.C. K-2 mine. 

(v) The presence of buried valleys 
filled wiTh sand and gravel, 
under The wasTe disposal basin. 

(vi) The presence of silTy and sandy 
beds in The Riding MounTain 
FormaTlon which underlies The 
PleisTocene sedimenTs. 

DeTailed sTraTigraphic work has been done on 
The PleisTocene sedimenTs. A number of excellenT 
exposures of fracTured Tills were found, and 
fracTure paTTerns and fracTure densiTies were 
measured. The significance of The fracfures is 
ThaT They consTiTuTe highly permeable paThs in 
an oTherwise poorly permeable sedimenT. 
The daTa obTained from a surface resisTiviTy 
survey show Three welI—defined areas of low 
resisTiviTy in The viciniTy of The wasTe dis- 
posal basins. 

IN PROGRESS: 

PubIicaTions 

Vonhof, J.A. HydrosTaTic Response- or slug TesTs 
as a means To moniTor The raTe of well develop- 
menT (under review) 

J.A. Cypress Hills FormaTion in SouThwesTern 
SaskaTchewan and adjacenT parTs of SouTheasTern 
AlberTa: A redefiniTion (under review)
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2. Office 
Dafa compilafion and analysis and prepara+ion 
of reporfs. 

3. Field 

Con+inuous recording of observafion wells. 

FUTURE WORK: 

I973/74 - Consfrucfion of an analog model of The wasfe disposal basin. During This period a number of publications are expecfed +0 be finished.‘ Sequeniial wafer sampling 
and redevelopmenf of observafion wells. ' 

Addifional surveys under considera+ion for fhis period are: 
(a) A sfudy of diagenefic processes of solid wasfe wifh respecf To changes inpermeabiliiy and porosify. 
(b) Obfain core samples of sedimenfs underlying The 

brine pond and defermine infilfrafion depfh of 
brine. 

.

’ 

ESTIMATED COMPLETION DATE: 

March 3|, I974.
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ProjecT No; GW 70-8 R.O. van Everdingen 

Subsurface Disposal of Wastes 

OBJECTIVES: 

Col|ecTion of background daTa for evaluaTion of 
subsurface wasTe-disposal poTenTial in Canada. 

ExTension of undersTanding of physical and 
chemical processes involved in The movemenT and 
behaviour of wasTe maTerials afTer injecTion 
inTo The subsurface. 

DevelopmenT of raTlona| guidelines and quanTiTa- 
Tive criTeria for use in The regulaTion and conTrol 
of subsurface disposal of wasTe. 

Developmenf of mefhods for The moniforing of The 
movemenT and behaviour of lnjecTed wasTe- 

DevelopmenT of Techniques for The predicTion of 
movemenf and behaviour of injecfed wasTe. 

PREVIOUS WORK: 

Publications 
I973. 
Liquid 

p. I08-II4. 
Vonhof, J.A. and van Everdingen, R;O., 

Subsurface Disposal of lndusTrial 
WasTes. CIMM BuII., vol. 66., 

van Everdingen, R.O. Subsurface disposal of wasTe 
in Canada - ll. Disposal formaTion and injecTion- 
well hydraulics (in press). 

van Everdingen, R.O. Subsurface disposal of wasTe 
in Canada - lll. Regional evaluafion of 
poTenTial for underground disposal of indus- 
Trial liquid wasfes (in press).
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PRESENT WORK: 

I. Office 
(a) Conflnued survey of relevanf liferafure. 

(b) Conflnuing lnvenfory of dafa on exlsflng was+e- 
disposal wells. 

2. Eield 

A jolnf federal—provincial sfudy of subsurface was+e 
disposal in soufhwesfern Onfarlo was sfarfed in I972 
(see projecf No. GW 72-I). 

FUTURE WORK: 

I. Offlge 
(a) Preparaflon of reporfs on soufhwesfern Onfarlo 

sfudy (GW 72-!) 

(b) Confinued survey of liferafure and invenfory 
of disposal wells in Canada. 

2. Laborafory 
Compafibllify Tesfs on formaflon and wasfe samples. 

COMPLETION DATE: 

March I974, wi+h The possible excepflon of work under 
C2 and D2, which depends on fechnical supporf sfaff and 
oufside facfors.
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Jointed Tills and Upper Cretaceous Sediments 
in Western Canada 

OBJECTIVES: 

I. To defermlne physical characferisflcs of Jolnfs 
(exfenf, densify, disfrlbuflon, size, e+c.). 

2. To defermlne The significance of The jolnfs for 
The rafe and dlrecflon of movemenf of groundwafer 
and pollufanfs. 

PREVIOUS WORK: 

Several jolnf pafferns in fllls were measured in oufcrops 
in Alber+a, Saskafchewan, and Mani+oba durlng fhe summer 
of I970. The resu|+s-ob+alned from The field work were 

lpresenfed af The annual meeflng of fhe Geological Assoclaflon 
of Canada In Winnipeg. 

WORK IN PROGRESS: 

l. Publlcaflons 
Vonhof, J.A., I970. Join+ pafferns ln fills ln 

wesfern Canada, Geol. Ass. Canada, Annual 
Winnipeg, (Absfracf). 

meeflng, 

Vonhof, J.A., I972. Jolnfed Tllls ln Trunk sewer 
shaff near Su+herland, Saskafoon (In press). 

FUTURE WORK: 

Measuremenf of several more jolnf pafferns ln bofh Plels+o- 
cenf and Upper Crefaceous sedlmenfs In weslern Canada. 
Theoreflcal sfudy of flow in jolnfed flll. Developmenf 
of mefhod for field +es+lng jolnfed +llls.
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E. COMPLETION DATE: 

June I975.
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RrojecT NO. HR 72-l J.E. Charron, D.W: Lawson 

Deep-Well Disposal, 
Southwestern Ontario 

A. OBJECTIVES: 

To produce hydrochemical maps of The area of souThwesTern 
OnTario in and around LambTon CounTy ThaT will: 

I. indicaTe The direcTion of groundwaTer 
flow and 

2. provide informaTion on The hydro- 
chemical effecTs of deep—well 
injecTion of brines and indusTrial 
wasTes. 

B. PREVIOUS WORK: 

l. Office 
(a) 

(b) 

(c) 

Available exisTing daTa have been collecTed 
from The OnTario DeparTmenT of Mines and 
NorThern Affairs (DMNA). These include: 
locaTion maps for oil, gas and disposal 
wells; 2,979 schedule and compleTion 
reporTs for oil and gas wells; 22 schedule 
and compleTion reporTs for brine and oTher 
liquid wasTe disposal wells; a compleTe 
feasibi|iTy sTudy for one disposal well; 
65 formaTion waTer analyses plus a number of 
incompleTe groundwaTer analyses. 
Available exisTing daTa have also been 
collecTed from The OnTario MinisTry of 
The EnvironmenT (MOE). These include a 
prinTouT of daTa for over 3,800 waTer 
wells and 77 groundwaTer analyses. 
DaTa compilaTion has been compleTed. 
Since There is a considerable denisTy of 
daTa for a re|aTively small area, one of
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CO 

D. 

(a) 

(b) 

Charron, 

. The invesTigaTors (JEC) quickly realized 
ThaT compuTerized mapping of various 
subsurface parameTers could provide a rapid insighT inTo regional hydrogeology. 
Among The parameTers so mapped were bed- 
rock conTours, and depThs To and piezo- 
meTric levels for formaTions producing 
fresh, hydrogen sulphide, and salT waTers. 

Hydrogeological mapping was carried ouT 
in LambTon CounTy during The summer of 
I972, making exTensive use of The agri- 
cu|Tural soils map, geological maps and 
air phofos. 

SlxTeen formaflon wafer samples were 
Taken from oil wells; well over IOO 
samples were collecTed from waTer wells. 

WORK IN PROGRESS: 

l. Office 
(a)' FurTher refinemenT of The compuferlzed 

maps, examinaTioh and (if warranTed) 
removal of anomalies, review of effecTs 
of variaTions in mapping Techniques, 
eTc. 

(b) PreparaTion of hydrochemical maps To 
show direcTions of groundwaTer flow. 

(c) A research conTracT has been awarded 
To The UniversiTy of WaTerloo for The 
developmenT of a finiTe-elemenT model 
To simu|aTe and give some insighT inTo 
The behaviour of losT-circulaTion zones. 

FUTURE WORK: 

Complefion of ifems lisTed under C above and review 
resulTs wiTh MOE officials. 

I00 
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E. COMPLETION DATE: 

March 3|, I974. 
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ProjecT No. GWO 70-2 D. H. Lennox 

Shippegan Oil Spill 

A.’ ‘OBJECTIVES: 

‘I. To recommend and adopT emergency measures designed 
To eliminaTe or minimize subsurface effecTs of a major spillage of oil and gasoline aT a peTroleum producTs sforage slTe. 

2. To observe and measure The effecTs due To The splllage and To The emergency measures adopTed. 
3. To arrive aT one or more conTingency plans for 

coping wiTh oTher similar spills and To evaluaTe Their possible advanfages or disadvanfages. 

B. NATURE OF REQUEST: 

Verbal requesT from The consulTanT appolnTed as well field 
manager, Shippegan waTer well field, on behalf of The New Brunswick Wafer AuThoriTy, To obTaln advice and assisfance in handling of emergency slTuaTion. The requesT 
was made aT The end of April I970 on The day following 
The spill. 

C. ORGANIZATION OF PROJECT: 

Emergency measures were adopTed affer a preliminary evaluaflon” 
of The siTuaTion by The well field manager and—Mr. D.H. Lennox. Measures included: 

I. Digging of infercepfor Trenches To depThs below 
The waTer Table To lnTercepT nafural flow of oil 
and gasoline Towards The Shippegan waTer-well 
field in The dlrecTion of The nafural waTer-Table 
gradlenT. 

2. Digging of exTracTion plTs from which waTer was 
pumped To reverse The nafural dlrecTion of flow 
and Thus direcT flow Toward The slTe of The spill. 
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ProjecT No. GWO 70-2 D.H. Lennox 

3. Periodic skimming of oil and gasoline collecTed on waTer surfaces in The exTracTion piTs and sTorage in spare Tanks broughT To The slTe for The purpose. Some subnaTanT wafer was unavoid- ably collecTed and sTored as well. 
4. Digging of a number of TesT piTs boTh on The sTorage siTe and beTweeh The siTe and The Town's producing wells in order To check for The spread of conTaminanTs. 
5. ACirculaTion.wiTh simulaTaneous chemical TreaT— menT of waTer pumped from piTs and Trenches Through a lagoon and back inTo The ground Through 

a disposal piT. Chemical TreaTmenT was wiTh chlorine dioxide and was for The removal of dissolved phenols. 
6. Twice—weekly and subsequenTly weekly sampling of waTers in piTs and Trenches To moniTor movemenT of oil, gasoline and phenols. 
in July I970 seasonally declining_waTer levels drew The waTer Table down below The maximum depTh To which piTs and inTercepTor Trenches could be dug by back hoe. waTer levels recovered briefly during The fall buT subsequenTly receded again. The emergency measures had consequenTly To be sus- pended. A specific program of TesT drilling, waTer and soil sampling and waTer and soil analysis was recommended wiTh The following objecTives: 

I. To obTain a reliable esTimaTe of The ToTal amounT of hydrocarbons remaining 
in The ground aT and in The viciniTy 
of The spill siTe. 

2. To deTermine how far The spilled oil and gas and The groundwaTer conTamlnaTed 
by Them have spread from The spill siTe, parTicularly in The direcflon of The Town of Shippegan's Two major producing wells. 

3. To review The various meThods employed in: 

(a) 'conTaining The spill, 
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(b) minimizing ifs effecis, 
(c) purifying fhe confaminafed ground- 

wafer, 

and To assess The effecfiveness of fhese measures, 
4. To make recommendafions concerning suifabie measures 

for oonfroliing surface spills of +his fype. 
A confracf was awarded in Sep+ember l97i fo James F. MacLaren 
Limi+ed +0 carry ouf The +es+ drilling and sampling program. 
The final version of +he consui+an+'s repor+ was_submi++ed 
+0 fhe Hydrology Research Division in Sepfember I972. 

PRESENT STATUS OF PROJECT: 

Field sfudies are complefe. 

FUTURE WORK: 

The consui+an+'s reporf will be suifabiy modified and 
revised and published as a Direcforafe publicafion. 

COMPLETION DATE: 

March 3|, I974. 
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ProjecT No. GWO 7|-3 D.W. Lawson 

Impact of Nitrilotriacetic Acid on Groundwater 

OBJECTIVES: 

To deTermine The likely maximum concenTraTions of niTrilo- TricaceTic acid (NTA) in groundwaTer and iTs effecT on Trace meTal concenTraTions and oTher environmenTal TacTors. NTA is a subsTiTuTe for phosphaTe in laundry deTergenTs. 

NATURE OF REQUEST: 

Memorandum from The DirecTor of The Inland WaTers Branch (now DirecToraTe) daTed OcTober 29, l97l. 

ORGANIZATION OF PROJECT: 

This projecT is parT of a program on The environmenTal impacT of NTA which is being coordinaTed by CCIW. 

PRESENT STATUS OF PROJECT: 

The firsT phase of The projecT came To a close on March 9, l972 when Dr. Lawson presenTed The resulTs of preliminary sampling in OnTario and ManiToba To a Technical research meeTing aT CCIW. $ubsequenTly, in conjuncTion wiTh The reducTion of phosphaTe levels in deTergenTs from 20% P205 To 5% P205 as of January I, I973, The DeparTmenT became commiTTed To a conTinuing NTA environmenTal moniTorlng program. Thus, The second phase of The projecT goT under way in SepTember I972 and involves The collecTion of monThly samples in ManiToba and OnTario. PresenT plans call for expanding The neTwork To AlberTa and Nova ScoTia. 

FUTURE WORK: 

ConTinuing inTerpreTaTion of The daTa, modificaTion of The neTwork, and submission of reporTs To CCIW. 
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ProjecT No- GW 67-6 L.D. Delorme 

Paleohydrogeology of the Interior Plains of Canada 

OBJECTIVES: 

To deTermlne Tolerance llmlTs of freshwaTer osTracodes 
and oTher shelled lnverTebraTes To The chemical and 
physical parameTers from The naTura| laboraTorles of 
ponds, lakes, and sTreams. 

To assess The relaTlonship of The chemlsTry of pond, 
lake and sTream waTer To geology, hydrology, boTany, 
and cllmaTe. 

To reconsTrucT The pasT hisTory of ponds and lakes 
by means of waTer quaIiTy and quanTiTy models. 

To assess osTracodes and molluscs as a pa|eoenviron— 
menTaI Tool. ' 

PREVIOUS WORK: 

PubIicaTions 
Delorme, D.L., I964. A checklisT of P|eisTocene and 

RecenT freshwaTer osTracodes in Canada: STerklana, 
no. I4, p. 39-44. 

Klassen, R.W., Delorme, L.D., and MoTT, R.J., I967. 
Geology and paleonTology of PlelsTocene deposITs 
In souThwesTern MahiToba: Can. Jour. EarTh Sci., 
vol. 4, no. 3, p. 433-447. 

Delorme, L.D., 
Jour. 

I967. FreshwaTer osTracode synonyms: 
PaIeonTology, vol. 4|, no. 3, p. 792a794. 

Delorme, L.D., I967. 
SaskaTchewan, 
p. 357-363. 

New freshwaTer OsTracoda from 
Canada: Can. Jour. Zoology, vol. 45, 

Delorme, L.D., I967. Field key and meThods of collecding 
freshwaTer osTracodes in Canada: Can. Jour. Zoology, 
vol. 45, p. I275-l28|. 
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Delorme, L.D., I968. Pleisfocene freshwafer Oslracoda from Yukon, Canada: Can. Jour. Zoology, vol. 46, 
no. 5, p. 859-876. 

Delorme, L.D., I969. On fhe idenfify of The osfracode genera Cypriconcha and Megalocypris: Can. Jour. 
Zoology, v. 47, no. 3, p. 27|-28!. 

Delorme, L.D. and Donald, D., I969. Torpidify of 
freshwaler osfracodes. Can. Jour. Zoology, v. 47, 
no. 5, pp. 997-999. 

Delorme, L.D., I969. Appendix Lg McA|lis+er, D.E., and 
Harringfon, C.R. Pleisfocene Grayling, Thymallus, from Yukon, Canada. Can. Jour. Earfh Sci., v. 6, 
no. 5, pp. ll85—ll90. 

Delorme, L.D., I969. Osfracodes as Quafernary paleo- 
ecological indicafors. Can. Jour. Earfh Soi., 
v. 6, no. 6. 

Delorme, L.D., l970. Freshwa+er osfracodes of Canada, 
Par+ l. Subfamily Cypridinae. Can. Jour. Zoology, 
v. 48, no. I, p. I53-I69. 

Delorme, L.D., I970. Freshwafer os+racodes of Canada, 
Parf ll. Subfamilies Cypridopsinae, Herpe+ocyprid- 
inae, and family Cyclocprididae. Can. Jour. 
Zoology, v. 48, no. 2, p. 253-266. 

Delorme, L.D., I970. Freshwafer osfracodes of Canada, 
Par+ Ill. Family Candonidae: Can. Jour. Zoology, 
v. 48, no. 5, p. I099-|l27. 

Delorme, L.D., I970. Freshwafer Osfracodes of Canada, 
Par+ lV. Families llyocyprididae, Notodromadidae, 
Darwinulidae, and Emfocyfheridae, subfamily 
Cyfherideinaez Can. Jour. Zoology, v. 48, no. 6, 
p. l25l-I259. 

Delorme, L.D., l97l. Freshwafer Osfracodes of Canada, 
Parl V. Family Limnocyfheridae: Can. Jour. Zoology, 
v. 49, no. I, p. 43-64. 

Delorme, L.D., l97l, in Cvancara, A.M., Clayfon, L. Bickley, 
Jr., W.B., Jacob, A.F., Ashwor+h, A.C., Brophy, J.A., 
Shay, C.T., Delorme, L.D., and Lammers, G.E., I97], 
Paleolimnology of la+e Quafernary deposifs Seibold 
sile, Norfh Dako+a: Science, v. l7|, no. 3967, 
p. I72-I74. 
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Delorme, L.D., l97l. Paleoecology of Holocene 
sedimenTs from ManiToba using freshwaTer osTra— 
codes: Geol. Assoc. Canada, Symposium, Spec. 
Paper No. 9, p. 30l—304. 

Delorme, L.D., |97l. Paleoecological deTerminaTions 
using PleisTocene freshwaTer osTracodes: 
CenTre Rech. Pau-SNPA Bull, v. 5, suppl., 
p. 34l-347. 

Delorme, L.D., I972. GroundwaTer Flow SysTems, pasT 
and presenT: 24Th lnTernaT. Geol. Congress, 
MonTreal,‘Canada. 

FreshwaTer osTracodes (CrusTacea) 
Trail and Landscape, v. 6, 

Delorme, L.D., I972. 
from near OTTawa: 
no. 2, p. 44-47. 

Delorme, L.D., I972. Paleoenvironmenfal research 
wiThin The Federal GovernmenT: Task Force RepT., 
Res. Advisor, inland WaTers DirecToraTe, 
WaTer ManagemenT, EnvironmenT Canada. 

Delorme, L.D., in Karrow, P.F., Anderson, T.W. Delorme, 
L.D., and Clarke Jr., A.H. (in preparaTion). 
STraTigraphy, paleonTology, and age of Lake 
Algonquin sedimenTs in souThwesTern 0nTario, 
Canada. 

Delorme, L.D., (in abeyance) FreshwaTer 0sTracodes, 
Their ecology and disTribuTion in Lake Winnipeg, 
ManiToba, Canada: Canada Fisheries Res. Board 
Jour. 

I966 - 768 samples were collecTed from 49,000 square 
miles in souTh cenTral AlberTa; l8,000 osTracode 
specimens were col|ecTed. Comp|eTe chemical 
analyses for major ions were made on The 768 
surface waTer samples. 
I967 — l,650 samples were collecTed from lO5,600 
square miles in cenTral and norThern AlberTa, 
NorThwesT TerriTories, and The wesTern half of 
SaskaTchewan; 42,000 osTracode specimens were 
collecTed. Chemical analyses for major ions were 
made on The 1,650 surface waTer samples. 

(b)

i
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(c) 

(d) 

(e) 

(T) 

(g) 

(h) 

(i) 

I968 - l,50O samples were co|lecTed from 
96,000 square miles in easTern SaskaTchewan, 
ManiToba, and souThwesTern 0nTario; 37,500 
osTracode specimens were colIecTed. Chemical 
analyses for major ions were made on l,50O 
waTer samples. 

I969 - 75 samples were collecTed of which 24 
were from The Kenora lakes on which The Fisheries 
Research of Canada, FreshwaTer InsTiTuTe, Winnipeg 
are carrying our ferTilizaTion sTudies; SI samples 
were collecTed on a I0~day cruise of Lake Winnipeg 
also in conjuncTion wiTh The FreshwaTer lnsTiTuTe, 
also made on These waTer samples. 
I979 - 24 cores were colIecTed during The summer 
of I969 using a MinuTemam Mobile Drill modified 
To obTain a core. 360 feeT of core were obTained 
producing I589 samples. 
I970 - 28 cores were obTained using a MinuTemam 
Mobile Drill, yielding 450 feeT of core or 
4,500 samples. ApproxlmaTely I,600 of These 
samples are To be used for osTracode exTracTion. 
The cores were obTained from selecTed siTes 
in The Three prairie provinces. 
I97l - 508 modern samples were obTained of which 
I95 were from The Okanagan chain lakes in BrlTish 
Columbia and 3l3 were from The NorThwesT TerriTories 
in conjuncTion wiTh The inTer-disciplinary research 
projecT under The EnvironmenTal-Social program, 

- NorThern pipelines. Chemical analyses were made 
for all The major ions from These samples. 
I972 - I94 modern samples were obTained from The 
Yuken TerriTories in conjuncTlon wiTh The inTer- 
disciplinary research projecT under The Environ- 
menTal -Social program, NorThern Pipelines. 
Chemical analyses were made for all The major 
ions from These surface waTer samples. 
I972 - March 22 To May 26, on special assignmenT 
wiTh The Inland WaTers DirecToraTe, office of 
Research Advisor, as chairman of a Task Force 

ll2
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C. 

L.D. Delorme 

commissioned To look aT "Paleoenviron— 
menTal Research wiThin The Federal 
GovernmenT". ReporT was submiTTed on 
May 26, I972. 

Office 
(a) CompuTer Sciences of Canada (Calgary) are com- 

pleTing refinemenTs on compuTer programs 
previously prepared for paleoenvironmenTal 
deTerminaTions. 

(b) Dr. L. Kalas was hired as a Term casual To 
sTudy The molluscs from The 5000 plus samples 
collecTed. . 

(c) |nTeresT in The experTise acquired Through This 
projecT for The idenTificaTion of osTracode 
species and for osTracode-based paleoenviron- 
menTal inTerpreTaTions remains high. During 
The period from November, I970 To AugusT, I972 
TwenTy-eighT such requesTs were received, 
principally from Canada and The U.S. buT 
including one from New Zealand as well. 
AlmosT 500 samples were involved, among Them 
a number from Zambia, Guam and Kenya. 

(d) Dr. Kalas‘ malacological experTise is now 
being uTilized in a similar way for The 
idenTificaTion of snails and molluscs and 
for paleoenvironmenTa| inTerpreTaTion. 

WORK COMPLETED: 

sysTemaTlc col|ecTion of RecenT freshwaTer osTracodes and molluscs in The cenTral prairies region and The Terri- 
Tories. 

SysTemaTic co|lecTlon of fossil freshwaTer osTracodes 
from selecTed areas in The souTh-cenTral prairies 
region. 

SysTemaTlc sTudy of freshwaTer osTracodes from The 
cenTral prairies of Canada, Their Taxonomy and 
sysTemaTlc descripTlon (see The 5-parT series on 
Canadian osTracodes under "publlcaTions"). 

ll3
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D. 

LZD. Delorme 

WORK IN PROGRESS: 

I. Publicafionsw 
Delorme, L.D., (in preparafion), Paleolimnology of Lake Agassiz Terrace deposifs in The Assinlboine River Valley, Manifoba: Can. Jour. Earfh Sci. (Title Tenfafive). 
Delorme, L.D., (in preparaflon), Male sexual adap+a- 

flons in The megalocypridnid osfracodesz Can. 
Jour. Zoology (Ti+le Tenfafive). 

Delorme, L.D. (in preparafion), Ecology of freshwa+er osfracodes: Ecology. (Tifle and publisher 
fenfafive). 

2. Office 
(a) To assess environmenfal dafa and i+s relafionship 

+0 osfracodes by use of Principle Componenf 
Analysis and Slepwise Mulfiple Regression Analysis. 

(b) To assess mollusca in The same manner. 

FUTURE WORK: 

I. To assess osfracodes as a paleoenvlronmenfal Tool 
2. To assess mollusca as a paleoenvironmenfal Tool 

COMPLETION DATE: 

April I973. 
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ProiecT No. HR 73-3 L.D. Delorme 

Paleoenvironmental Research 

A. OBJECTIVES: 

I. To deTermine Tolerance limiTs of freshwaTer osTracodes 
and molluscs To The chemical and physical parameTers 
from The naTural laboraTories of ponds, lakes and 
sTreams. 

2. To deTermine The raTes of boTh naTural and man-induced 
euTrophicaTlon during The pasT several hundred years 
in Echo Lake of The Qu'Appel|e SysTem in SaskaTchewan. 

3. To deTermine The raTes of boTh naTura| and man-induced 
euTrophicaTion during The pasT several hundred years 
in The Bay of QuinTe (NorTh Shore of Lake OnTario), 
OnTario. 

B. PREVIOUS WORK: 
I. PublicaTlons 

Delorme, L.D., and Emmens, D., I972. PaleoenvironmenTal 
research wiThin The Federal GovernmenT: Task 
Force ReporT To The lnland WaTers DirecToraTe, 
WaTer ManagemenT Service, EnvironmenT Canada. 

C. WORK IN PROGRESS: 

l. Field 

(a) 300 modern samples were co||ecTed from The Bay 
of QuinTe sysTem for shelled inverTebraTes. 
CompleTe chemical analyses for major ions 
were made of 300 waTer samples from The same 
|ocaliTies. 

|l5



Projecf No. HR 73-3 

(b) Six cores were ob+aIned from Echo Lake 
(3 sifes each wi+h 2 cores). 

(c) Four cores were obfained from Big Bay of 
The Bay of Quinfe (2 sifes each wifh 2 cores). 

(d) 380 modern benfhic samples were collecfed 
by CCIW from Lake Superior for sfudy of 
shelled inverfebrafes. 

Office 

(a) Developmenf of a Trophic sfafe index for use 
on inferprefed paleoehvironmenfal paramefers 
based on work done by E. Shannon, CCIW. 

|l6 

L.D. Delorme
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Project No. GW 69-2 R.L. Harlan 

snowmelt Infiltration and Associated Groundwater Recharge 

OBJECTIVES: 

To determine the mechanisms of snowmelt infiltration and associated groundwater recharge. 
To investigate the applicability of a physicallyebased snowmelt infiltration_groundwater recharge model in hydrologic systems analysis. 

PREVIOUS WORK: 

Field 

(a) An experimental plot on the Central Experim mental Forest near Ottawa has been established and instrumented for the investigation of snowmelt processes, infiltration of snowmelt waters, and associated groundwater recharge. instrumentation of the experimental plot is a cooperative undertaking by the Glaciology and Hydrology Research Divisions. 
(b) A measurement program has been carried out on an experimental plot at Calgary, Alberta, since the fall of I968. 

£11122 
A mathematical model describing coupled heat-fluid transport in porous media in the presence of freezing and thawing has been developed and solved numerically by finite differences. 
Laboratory 
in cooperation with Dr. R.A. Freeze and J.A. Banner, laboratory studies have been conducted to assess the utility and develop means for the interpretation of electrical-resistance soil-moisture data for a freeze~ 

ll9
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Thaw environmenT. 
4. PublicaTions 

Harlan, R.L., l97l, WaTer TransporT in frozen and 
parTia|ly-frozen porous media. Proc. 8Th Can. 
Hydrol. Symp. - Runoff from Snow and ice I: 
|O9—l29. 

Harlan, R.L., J.A. Banner and R. Allan Freeze, l97|. 
lnTerpreTaTion of e|ecTrlcal-resisTance soil- 
moisTure daTa for a freeze-Thaw environmenT. 
Can. J. Soil Sci. 5l: 249-259. 

Harlan, R.L., l972. Ground condiTioning and The 
groundwaTer response To wlnTer condiTions. 
Proc. lnTern. Symposia on The Role of Snow 
and Ice in Hydrology, UNESCO Symp. on 
ProperTies and Processes (in press). 

C. WORK IN PROGRESS: 

I. Field 

MoniToring of soil—moisTure, groundwaTer, soil Temper- 
aTure, and meTeoromgical condiTions aT The Calgary 
and CenTral ExperimenTa| ForesT experimenTal ploTs 
is conTinuing. 

2. Office 
(a) Work is progressing on The verificaTion 

of The numerical simu|aTion model using 
experimenTal|y obTained daTa from The 
Calgary and CenTra| ExperimenT ForesT 
experimenTal ploTs. 

(b) The applicaTion of The TheoreTica|ly 
based maThemaTica| model is being 
exTended To The analysis of ground 
condiTioning processes and groundwaTer 
and sTreamflow response under wlnTer 
condiTions. 

l20



ProiecT No. GW 69-2 R,L. Harlan 

DO 

El 

30 PublicaTions 
Harlan, R;L., An analysis of slmulTaneous heaT-fluid 

TransporT in parTially-frozen porous media., 
waTer Resour. Res., (in press). 

FUTURE WORK: 

(a) MoniToring of The soil-moisTure and groundwaTer 
regimes, and meTeoro|ogical condiTions during 
snow accumu|aTion and snowmelT periods aT The 
CenTral ExperimenTal ForesT sTudy siTe will be 
conTinued. - 

(b) The measuremenT program aT The ExperimenTal 
ploT in Calgary will be oonTinued. 

Office 
(a) An evaluaTion of alTernaTive TheoreTica||y- 

based simulaTlon models will be carried ouT 
To deTermine under whaT condlTlons a Two-phase 
formulaTion is necessary To describe The 
infllTraTion process. 

(b) An evaluaTion of The consequence of error in 
esTimaTion of The conTrolling hydrologic 
parameTers and funcTional relaTionships on 
accuracy of compuTer simulaTions will be conducTed. 

LaboraTory 
Column experimenTs involving slmu|Taneous Transfer 
of waTer and head in a variably saTuraTed, parTially- frozen soil are conTemplaTed. 

COMPLETION DATE: 

December I973. 

I2!
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Hydrogeology, Mackenzie Valley 

OBJECTIVES: 

To evaluaTe groundwaTer and permafrosT condiTions in The 
Mackenzie River Valley and To idenTify Those hydrogeolog- 
ical siTuaTions which pose special problems for norThern 
developmenT, in general, and for The design,consTrucTion, 
and operaTion of an oil and/or gas pipeline sysTem, in 
parTicu|ar. 

PREVIOUS WORK: 

A reconnaissance aerial phoTograph inTerpreTaTion sTudy of 
groundwaTer feaTures and condiTions in The Mackenzie River 
Valley Region has been comp|eTed and surficial geology, 
surficial hydrogeology, and bedrock hydrogeology maps 
prepared for a 50-mile wide band, approximaTely 25 miles 
on each side of The Mackenzie River beTween ForT Simpson 
and ForT McPherson, NWT. 

Drilling programs have been conducTed - aT Norman Wells 
and lnuvik, NWT in l97l and in The Norman Wells area in 
I973. A groundwaTer observaTion well neTwork has been 
insTalled aT Norman Wells To documenT seasonal pressure 
f|ucTuaTions wiThih The groundwaTer sysTem and raTes of 
groundwaTer recharge, discharge, and flow. 

WORK IN PROGRESS: 

Available geologic, hydrologic, geophysical, and borehole 
daTa are being compiled and analyzed To define The paTTerns 
of regional groundwaTer flow in The Mackenzie River Valley 
and To deTermine The role of groundwaTer in The regional 
hydrology. SupplemenTary To These regional invesTigaTions, 
numerical simulaTion sTudies are in progress To eva|uaTe 
The inTerrelaTionships beTween groundwaTer and permafrosT 
and To predicT quanTiTaTively The consequences of surface 
disTurbances and The consTrucTion and operaTion of an oil 
or gas pipeline on The conTiguraTion of permafrosT aT depTh 
and on The groundwaTer regime. 

I22
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FUTURE WORK: 

Presenf plans provide for: (I) field inspecfion and 
evaluafion of fhose sifes, which affer de+ails of a 
pipeline applicafion are known, presenf special problems 
+0 +he consfrucfion, operafion, or Terminafion of a pipe- 
line sysfem, (2) confinuaflon of modelling sfudies To 
evaluafe long; and shor+—+erm implicafions of The con- 
sfrucflon and operafion of a pipeline af specific locafions 
along The proposed roufe, and (3) lnfensificafion of 
work on The hydrodynamic behaviour of wafer in permafrosf. 

COMPLETION DATE: 

I975. 
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Remote Sensing — Selected Areas in Alberta 

A. OBJECTIVES: 
To defermihe The re|aTive value of various remoTe sensing 
Techniques in The assessing of The naTure of The surface of 
The earTh, wiTh parficular reference To The heaT budgef and 
hydrology of The surface. 

B. PREVIOUS WORK: 

I. Pub|icaTions 
Holmes, R.M. and M.D. Thompson, I972. Infrared remoTe 

sensing in quafernary research. Proc. Conf. Geol. 
Soc. Am., Calgary May I97I (In press). 

2. Field 

Preliminary infrared (IR) Imagery was obTained of areas 
in souThern A|berTa in I969 and I970. In I969 The XIRC 
NorTh STar aircrafT and crew cooperaTed wiTh The Inland 
WaTers Branch (IWB) in obfaining These daTa. The imagery 
was of poor qua|iTy and The correIaTed phofography was 
poorer sTiII. During I970 IWB obTained an IR Scanner 
sysfem and our own crews and aircrafT were used To obTain 
daTa ThaT were considered To be of high quaIiTy. No 
phoTography was obTained. 
During I97I a scanner sysTem, aircrafT and crew were again 
available. Simulfaneous aerial phoTography was also Taken 
of The 5 se|ecTed and represenTaTive surfaces in A|berTa 
(Turner Valley, Dalemead, Suffield, Taber, and Foremosf). 
These areas were small in size and re|aTiveIy convenienf 
To Calgary in order To simplify ground TruThing and logis- 
Tics. 

ExperimenTaI procedure called for The Two (IR scanning 
and phoTographIng) aircrafT To obfain simuITaneous coverage 
of The same surface. SimuITaneous ground Trufhing was 
done where observers (usually Two) Took visual observafions 
of The surface, eye level color phofographs, as well as 
ThermomeTric measuremenf of surface Temperafure, air and 

I27



ProjecT No. GW 7|-2 R,M. Holmes 

dew poinT TemperaTures. VegeTal characTerisTics were 
noTed (crown cover, surface cover, species of planT, 
vigour of vegeTaTion, eTc.). The surface hydrology 
(surface waTer, soil moisTure, eTc.) was also noTed. 
The aircrafT obTained Thermal IR imagery as well as 
color and false color IR phoTographs (9" x 9" posiTive 
Transparencies). 

3. Office and |aboraTo£y 
All daTa were reassessed and co|laTed To ensure ThaT 
ambiguiTies were absenT from The ground TruThing. All 
daTa were carefully sorTed To permiT fuTure analysis. 
PhoTographs were examined for proper overlap and con- 
TinuiTy. STereo phoTo pairs were examined for synchron- 
izaTion wiTh ground TruTh poinTs and some areas were 
revisiTed To confirm deTail in The imagery. 

FUTURE WORK: 
‘Analysis of The collecTed and coJ|aTed daTa should help 
deTermine The re|aTive meriTs of Thermal lR, false color 
IR and color imagery in defermining characTerisTics of 
surface_feaTures. All imagery and ground TruTh daTa should 
be analyzed wiTh parTicular emphasis on re|aTing The surface 
moisTure and waTer regimes, and The_resulTanT vegeTaTion, 
To The images obTained. 
IT was also inTended ThaT Thermal IR would be used To re|aTe 
surface heaT geomeTry To similar geomefries ThaT mighT exisT 
in The aTmosphere. This was To be accomplished by uTilizing 
daTa from simu|Taneous immersion sensing wiTh anoTher air- 
crafT designed for making aTmospheric measuremenTs. This 
procedure could provide meaningful daTa abouT The various 
scales involved in heaT_and moisTure fluxes from The surface. 

The principal invesTigaTor |efT The governmenf service aT The 
end of March l972.g ConsideraTion is being given To a|Terna— 
Tive means of eompleTing The daTa analysis and eva|uaTion. 

COMPLETION DATE:: 

March 3|, I974. 
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Electromagnetic Streamflow Measurements 

OBJECTIVES: 

To develop an economical method based on the principles 
of electromagnetic induction (EMI) for the instantaneous 
measurement of streamflows in large rivers, tidal or 
nontidal, to an accuracy of 5 percent. 

PREVIOUS WORK: 

A feasibility study was carried out during (l) April and May 
l97l on the Rideau River and (2) July and September l97l on 
the Fraser River to gain a better understanding of the inter- 
actions between electrical components of an experimental EMI 
streamflow measurement.system. An uninterrupted series of 
discrete EMI measurements was subsequently recorded for the 
Fraser River for the 5-day period September I9 to 23, I97]. 
Observations during this period of record were made at 
IO-second intervals. The record was in general appearance 
consistent with expectations for a record of varying stream- 
flow as should be revealed by the variation in electrical 
currents generated by the interaction of Fraser River flow 
with the_earth's magnetic_field. 

WORK IN PROGRESS: 

A manuscript describing the results of the experiment has 
been prepared and-is under review. 

FUTURE WORK: 

Completion of the manuscript and submission to a journal. 

COMPLETION DATE: 

March 3], I974. 
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Groundwater Assessment, New Montreal Airport 

OBJECTIVES: 

I. To deTermine wheTher The waTer supply for The new 
MonTreal lnTernaTional AlrporT (an esTimaTed 2 million 
gallons daily) can be obTained from aquifers underlying 
airporT land. 

2. To design a well field for efficienT economical exTrac- 
Tion of This supply. 

NATURE OF REQUEST: 

Verbal and subsequenT wriTTen requesTs from The ConsTrucTion 
Branch, DeparTmenT of TransporT. 

ORGANIZATION OF PROJECT: 
' 

ExploraTion and deve|opmenT phases carried ouT by consulTanTs; 
The Hydrology Research Division was To provide periodic 
appraisals of consulTanTs' proposals and reporTs.‘ 

PRESENT STATUS OF PROJECT: 

ConsulTanTs conducTed a field sTudy during The auTumn of 
I970. ResulTs of The sTudy were_appraised by The division. 
The decision was made subsequenTly To adopT a piped-in 
surface-waTer supply. 

COMPLETION DATE: 

CompleTed. 
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Gatineau Park Groundwater Study 

OBJECTIVES: 

I. To evaluaTe disTribuTion, movemenT, quanTiTy and 
quaIiTy of groundwaTer in GaTineau Park, Quebec 
as parT of a comprehensive hydrologic survey of 
The park area conducTed by various uniTs of The 
DeparTmenTs of EnvironmenT and NaTional Hea|Th 
and Welfare. 

2. To evaluaTe presenT and fuTure effecTs of park 
developmenT on The groundwaTer regime. 

NATURE OF REQUEST: 

‘WriTTen requesT by The Chairman of The NaTional CapiTal 
Commission To The DeparTmenT of Energy, Mines and Resources. 

ORGANIZATION OF REQUEST: 

SpecificaTions for The survey were drawn up and Tenders 
requesTed from several qualified consuITing firms. The 
successful bidder (Hydrology ConsulTanTs LTd.) carried ouT 
The survey in The laTe auTumn of I970 and presenTed a 
final version of his reporT in January I97I. The reporT 
indicaTed The more promising aquifers, all of which are 
in The overburden, and The possibi|iTy of providing good 
groundwaTer supplies for campsiTes and recreaTional areas 
from These aquifers. AddiTional TesTing was suggesTed, 
however, To confirm These findings. The reporT also 
suggesfed ThaT consideraTion should be given To The 
effecTs of sewage disposal faciliTies on groundwaTer 
supplies and recommended moniToring of selecTed wells for 
observaTion of These effecTs. A copy of The reporT was 
forwarded To The over-all survey coordinaTor on January ll, 
l97l. 

The consulTanT's recommendaTion To conducT addiTional TesTing 
was subsequenTly acTed upon and a second conTracT awarded To 
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Hydrology Oonsulfanfs Lid. Aquifer +es+s were conducfed 
bofh in unconsolidafed sedimenfary deposifs locafed along 
The cenfral bedrock valley occupied by Lac Phillipe, 
Lac Mousseau and Meach Lake and in fracfured Precambrian 
bedrock af selecfed slles in more elevafed areas of The 
park. The consul+an+'s reporf in ifs final version was 
received in Augusf I972. 

PREEENT STATUS GF PROJECT: 

¢omple+ed. 
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High-Yield Aquifers 
Saskatchewan-Nelson Basin 

A. OBJECTIVES: 

I. To provide background informaTion on groundwaTer 
resources of The SaskaTchewan-Nelson Basin. 

2. To idenTify high-yield aquifers in The basin and 
To discuss Their groundwaTer qualiTy. 

3. To esTimaTe safe groundwaTer yields and groundwaTer 
in sTorage on an aquifer or aquifer sysTem basis ln 
order To arrive aT corresponding esTimaTes for The 
whole of The basin area. 

4. To discuss or speculaTe on The inTeracTions beTween 
major groundwaTer sysTems and exisTing or proposed 
surface-waTer sTorage or diversion works. 

5. To recommend specific fuTure groundwaTer programs 
To fill in knowledge gaps, elTher Those currenTly 
exisTing or Those arising from The imp|emenTaTion 
of fuTure deveIopmenT programs. 

B. ORGANIZATION or PROJECT: 

This survey was iniTiaTed in The early monThs of l97I aT 
The requesT of The SaskaTchewan-Nelson Basin Board. IT 
was a federal-provincial projecT coordinaTed by The Inland 
WaTers DirecToraTe and conTribuTed To by Three provincial 
agencies: WaTer Resources Division, AlberTa DeparTmenT of 
The EnvironmenT; SaskaTchewan Research Council; WaTer 
Resources Branch, ManiToba DeparTmenT of Mines and NaTura| 
Resources. 

C. PRESENT STATUS OF PROJECT: 

All Three provincial agencies have submiTTed chapTers describ4 
ing groundwaTer occurrence and high-yield aquifers for Those 
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areas of each province lying wiThin The SaskaTchewan- Nelson Basin. These chapTers also provided informaTion 
To meeT The oTher projecT objecTives. lnTroducTory and summary chapTers were prepared by The Inland WaTers DirecToraTe. The whole reporT has been Thonoughly reviewed 
by all The agencies involved and a final version prepared and submiTTed To The SaskaTchewan—Nelson Basin Board in June, I972. The reporT was published as ParT F (GroundwaTer) Appendix 7 (EnvironmenTa| ConsideraTions) of The SaskaTchewan- Nelson Basin Board's reporT on "WaTer Supply for The SaskaT- chewan—Ne|son Basin". 

D. COMPLETION DATE: 

I972. 
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