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CHAPTER 17
Water Quantity Monitoring

| NTRODUCT1 ON

The Okanagan Study has reveal ed the need for an inproved nmonitoring
systemwi th respect to water quantity (including climatic data), water
quality and waste treatnment. Only through an adequate sanpling of
exi sting conditions and the changes of trends that are taking place is
it possible to check the adequacy of the proposed water nmanagenent plans
as outlined in the final report.

Even prior to the signing of the Ckanagan Basin Agreenent in
Cct ober 1969, it was recogni zed that there was a serious |ack of
hydrometric, meteorological and water quality stations in the basin and
in the spring of 1969 the two governnents undertook to initiate a numnber
of new stations.

VWi | e such additional stations gave only two or three years of
record prior to the evaluation stage of the study they at |east supplied
some information particularly in the tributaries where little or no data
was avail able. Mreover, these new stations provided an inproved base
for future water managenent deci sions.

Fortunately during 1969 to 1973, sonme extreme hydrol ogi cal events
occurred including two single droughts in 1970 and 1973 as well as a
record flood in 1972 which in total volune exceeded the 1948 fl ood.

OBJECTI VES OF MONI TORI NG

Water quantity monitoring in its broader aspects should, in
addition to providi ng adequat e hydrol ogi cal coverage include any
additional water el evations or discharges needed to assess water quality
and waste treatment. Only through an updated nonitoring systemis it
possi ble to neet the ongoing and future objectives which are stated
bel ow.

To provide current data on water shortages, diversions, discharges,
precipitation, tenperature, water quality and waste water treatnment for
day to day decisions on water nanagenent.

To provide a check on the water quantity nodel s devel oped during the

Ckanagan Study as well as nutrient |oadings and |imol ogical changes
that have been forecast for the next 10 to 15 years for whatever waste
treatnent is undertaken.
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To provide a basic data bank on hydrol ogy, neteorol ogy, |imology and
water quality of sufficient length and detail for a conprehensive
statistical analysis.

It will be recognized that the nmonitoring stations for the above
three objectives are to a |large degree conplenentary and in total expand
the basis for future planning and design

MONI TORI NG ACCURACY

Based on the three objectives, a franework nonitoring programis
summari zed in Table 17.1. The table indicates the limts, accuracy and
approach for each of the three stated objectives with an understanding
that a review of the study will be undertaken in 1980 as recommended in
the final report.

Sonme linmts nust be placed on the nonitoring to nmake it practica
and economi cal. Thus, mnor storages and diversions are not included
because they do not have a significant effect on water quantity
nodel ling. Further, stations are linited for the nost part to the nmain
val l ey |l ake and river systens and the principal tributaries.

The goal of the statistical analysis nentioned under objective 3 is
to define the flow characteristics of the main valley |ake and river
system the principal tributaries, as well as by sone process of
regionalization, the flow characteristics of ungauged m nor streans.

The accuracy in the tine-sanpling is best defined by the nunber of
years of observation. An increase in accuracy is acconplished at
progressively higher costs, because the tine-sanpling error varies
inversely as the square root of the nunber of years of record. Thus, the
i mprovenent becomes progressively less as the length of record increases.
A 25 year record of observation at least is required for determning the
statistical characteristics of a stream For mnor streans the
regi onal i zation process results in greater errors that those records for
the principal streans fromwhich they were derived.

Typical flow characteristics included in statistical analysis are:
- Mean annual fl ow

- Standard deviation of nmean annual flow

- Mean nonthly flow

- Standard deviation of nmean nmonthly flow

- Mean seasonal (freshet) fl ow

- Standard deviation of mean seasonal fl ow

- Flood flows with various frequencies

- Low flow - durations for various frequencies



TABLE 17.1

FRAVMEWORK PLAN FOR WATER QUANTI TY, QUALITY AND WASTE TREATMENT MON TORI NG

CRJECTIVES

(1)

To provide current data on water storages,
diversions, discharges, precipitation,
temperature, water quality and waste water
trentpent for day to day decisions on
water munpagemont.

(2}

To previde & check on the water quantity
models developed during the Okaznagan
Study as well as the nurrient loadings
and limmological changes that huve been
forccust for the next 10 to 15 years as-
suming tertiary or ¢quivalent treatment
is undertaken as outlingd in the find-
ings and recommendations.

(3

To provide e basic dute bank on hydrology,
netecorology, Limnology and water quality of
sufficient length and detail for e compre-
henslive statistical analysis.

LIMITS
Quantity Exclusive storage reservoirs < 100 ec.fr.
Exclusive diversions < 50 ae,ft,/year
Exclusive minor tributeries
Samo Modifications
OQuality Main beach ersos, witer supply sources,
main valley lake and river system znd as indicated from
sclected tributaries,
for experience galned
Waste Water | All municipal industrisl woste water dis-
Troetment charges and aveas served by secptic tanks (1) under (1) and (2)
having positive effluent discharges, In
arszs where heavy conceptration of indus-
trial discharpes to ground water and/or
septle tanks weter guality of local wells
to be monitored.
ACCURACY
————— Quantity Equivalent of at least 25 years ohserva-
tion record im tho main valley lake systom
and in the principal tributarles for sta-
tistical analysis. Through regionmaliza-
tion procedures the equivalent of 10 years Some Same
of records can be obtained for minor un-
gauged tributaries, as as
In addition continuing reécords are re-
quired for those starians needed for oper- for for
ation purposes.
(1) (1)
Qualiry Commensurate with water quantity.
%%%E%hent Commensurcte with water quantity.
APPBOACH. Operate monitering stations as required Same Establishment of 25 yoars of continuous re-
to provide interprotations necded. cords of water discharges ia principal tribu-
as taries. Through regression and other forms
of analysis establish relationships between
foxr (1) basin and climatic factors ond runoff for use

in ungauged minor stredms.
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Fl ow characteristics will be increasingly utilized in the future in
accordance with nodern practice which is in contrast to past procedures
where flows for specific periods are studies. Thus, the object is to
consider the flows expected in the future in terns of probability of
occurrence and fromthese basic statistics to generate a set of flow data
for use in the water quantity simulation nmodel. Ideally, the incorporation
of water quality paraneters in such a nodel is needed to obtain the optinum
from such an operation

Since nost waste water discharges are or should be nonitored
continuously, the controlling factor here with respect to the accuracy of
| oadi ngs will be dependent upon the frequency of water quality sanpling.
Such sanpling should be nore frequent as the discharge increases and from
experi ence, a sanpling programshoul d be set up. However, it is inportant
fromtine to time to check by an i ndependent neans, the waste di scharge from
industrial and nunicipal plants for gross errors in flow recording
i nstrunents.

Simlarly in the case of gravity or punped irrigation diversions, inde-
pendent measurenents shoul d be nmade occasionally, not only at the point
where the water is taken into the systembut also at the point of use.
Normal |y, the latter can be checked at |east roughly by counting the nunber
of sprinklers in use.

The required accuracy of climate data commensurate with water quantity
and quality nonitoring is difficult to define although it woul d appear that
a mni mumof 25 years of continuous record are needed whi ch adequately cover
all portions of the basin.

WATER QUANTI TY MONI TORI NG

Water quantity nonitoring involves the measurenent of the various por-
tions of the hydrologic cycle starting with precipitation,
evapotranspi rati on and evaporation, surface and subsurface runoff and ground
water. It also requires the neasurenent of significant water diversions,
farmirrigation use and the amount of return flow from such diversions.
Monitoring is carried out cooperatively between the Provincial and Federa
Cover nent s.

dimatic nonitoring including precipitation, tenperature, wind,
hum dity, cloud and sunshine as well as evaporation and evapotranspiration
is carried out by the Atnmospheric Environnment Service, Environnent Canada in
cooperation with Provincial authorities. In addition to the above, the
British Col unbia Mater Resources Service, Departnent of Lands, Forests and
Wt er Resources has established within the major river basins of the
Provi nce, a nunber of snow courses where snow depths and snow wat er
equi val ents are measured during the w nter nonths.



In the hydronmetric field, a cooperative program by Water Survey of
Canada, Inland Water Directorate, Environnent Canada and the British
Col umbi a Water Resources Service has been in existence for a nunber of
years with the Provincial agency sharing a portion of the cost. In
areas such as the Okanagan Basin sonme additional stations have been set
up by local water authorities with respect to their water supply
operations.

While ground water is not presently licences in British Col unbi a,
the British Colunbia Water Resources Service has devel oped an inventory
of ground-water data through the cooperation of well drillers and
consulting engineers as well as fromthe results of contract drilling by
the Departnent. Simlar investigations in areas of the Province not
covered by the British Colunbia Mater Resources Service have been
undertaken by the Inland Waters Directorate, Environnent Canada.

Al'l the above nmentioned agenci es have been involved in water
guantity nonitoring under the Ckanagan Basin Study and in the
preparati on of Task Reports which provide the basic data for this
portion of the report. Active hydronetric stations in the Ckanagan
Basin are shown in Figure 17. 1.

The At mospheric Environnment Service assisted by the British
Col unbi a Water Resources Service, installed 11 high and 14 | ow | evel
climatic stations under study funds. This just about doubles the nunber
of active stations within the basin as indicated in Figure 17.2. Figure
17.3 shows the active snow courses within the Basin and surroundi ng
area. For actual detailed information on historic and derived data, the
reader is referred to Technical Supplerment 111 - Water Quantity
Al ternatives and Supporting Water Quantity Data.

In order to support the short-term objectives, nanely the "neeting
of day to day decisions on water managenent", it would be desirable to
have the inmedi ate transmni ssion of data fromw dely di spersed stations
in the Basin, particularly at higher elevations to a central control
point in the valley. Such information woul d be nost useful during the
spring freshet period (April to July inclusive) in the operation of the
conputer forecasting nodel. At present, such input to the nodel is
limted to the valley air tenperatures fromwhich snow field air
tenperatures are estimated. It would al so be desirable to have other
i mportant paraneters, nanely tributary water discharges, snow water
equi val ent and soil noisture and al so the actual air tenperatures within
the snow fields as a check agai nst present estimates.

At this time, the cost of such installations would appear to
preclude their introduction
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Further, in the case of snow survey data observations are nade in the field
usually at or near the first of each nmonth and such information is conveyed by
telegramto Victoria for conputer analysis a few days |later.

At present, then, hydroneteorlogical data other than snow survey in-
formation, tenperature observations at valley stations and rel ated precedent
factors are nost useful in neeting the intermediate or |ong-termobjectives
where a del ay of several nmonths between the tinme of observation and avail -
ability of record are not inportant.

The type of information that should becone avail abl e fromthe ongoing
water quantity and climatic nmonitoring by 1980 is indicated in the follow ng
subsecti ons

Water Quantity Analysis to be Carried Qut in 1980

Re- assessnment of the eight principal tributaries to Ckanagan Lake to check the
tentative flows derived in this study. For those tributary stations with 25
years of record in 1980 a statistical analysis is proposed

Re- assessnent of the operation of the mai nstem Ckanagan R ver system and the
extensi on of the nodel downstreamthrough Csoyoos Lake to Oroville.

dimatic Analysis to be Carried Qut in 1980

A check on the relationship between precipitation and | atitude and el evation
whi ch has been used in the water quantity nodelling.

A check on Ckanagan Lake evaporation derived for the period 1921 to 1970,
based on historic tenperatures and limted pan evaporati on records at Sunmer-
I and.

The tentative rel ati onship between | ake evaporati on and el evation derived in
Techni cal Supplenments | and Il shoul d be checked.

The nmonthly precipitation patterns devel oped for the near average inflow year
of 1971 shoul d be expanded to show equi val ent conditions for dry and wet
years.

Rainfall intensities should be derived, particularly for tributary streans
where little or no information is avail abl e.

No doubt, in attenpting to answer the above questions in 1980 will indi-
cate the need for additional stations which hopefully can be introduced at



that tinme.

The | ong-term objectives are essentially those that neasure climatic
trends which may be apparent by the year 2000. These will consist of key
stations which for the nbst part are in operation at the mmin popul ation
centres as well as sone or all of the higher elevation stations recently
i ntroduced.

17.5 WATER QUALI TY RECORDS AVAI LABLE FROM STUDY

The stream and | ake water quality station |locations are shown in Figure
17.4 as well as outfall and flow estimate | ocations. The actual data are
avai l abl e in Technical Supplenent IV in summarized form |Individual results
are stored in B.C. Water Resources Service files.

The Water Quality nonitoring initiated under the study was di scontinued in
the latter part of 1973 and with the exception of sone detail ed work under-
taken by the British Colunbia Water Resources Service as a separate study of
the Whod - Kal amal ka Lake areas and the day to day requirenents of water
managenent there is no ongoing water quality programin the Ckanagan Basin
today. It is recomended that such a programbe re-activated at the earliest
possible date in order to parallel the water quantity and climtic data
noni tori ng whi ch have been on a continuous basis since their inception.

17.5.1 Selection of Water Quality Mnitoring Stations

Water quality nonitoring stations can be classified as foll ows:

a) Waste treatnent nonitoring stations (Figure 17.4)
b) Tributary nonitoring stations (Figure 17.4)
c) Main | ake nonitoring stations (Figure 17.4)
d) Dustfall and Precipitation Nutrient nonitoring stations (Figure 17.5)
e) Septic tank groundwater nmonitoring (Figure 17.6)
f) Recr eati onal beach nonitoring

The waste treatnent nonitoring stations |isted and shown in Figure 17.4
(Nos. 0-1 to 0-19) are part of the ongoing program of the Pollution Contro
Branch and no further inplenentation is required for this phase of the
program

The procedure with respect to the selection of tributary and nain | ake
noni tori ng woul d be as foll ows:

a) Careful exam nation of active hydronetric stations and the sel ection of
t hese whenever suitable as water quality stations.

b) Additional water quality stations needed using wherever possible the sane
| ocations as the Federal Water Quality Stations enclosed at the end of
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this Chapter.

Thus, a nunber of the streanflow and water quality stations shown
in Figure 17.4 may be retained, some del eted and ot hers added.

The dustfall and precipitation nutrient nmonitoring stations are shown
in Figure 17.5.

Wiile indications are that this source is a relatively mnor contributor
of phosphates it would be desirable to re-establish a few of these stations
and operate themat |east to 1980.

Concentrat ed septic tank areas which are proposed for groundwater moni-
toring are shown in Figure 17.6. This will require a detailed exam nation of
the ground water wells within the sel ected areas and some revision of such
sanpling after the early results have been anal yzed. Wile such a program
will not provide a quantitative neasurenent of phosphate and nitrogen input
to ground water, it will provide an indication of any changes that are occur-
ring.

Mai n beach areas should al so be nonitored with respect to health in
accordance with the grid sanpling nethod devel oped by this study.

CONCLUS| ONS

The | ack of adequate basic data in water quantity, clinatol ogy and
particularly water quality at the start of this study has required that heavy
reliance be placed on new station information collected during the past three
or four years in the case of hydrology or only about two years in the case of
water quality. Fortunately, the last three years have provided a w de range
of hydrol ogi cal events varying fromdrought conditions in 1970 to a record
flood year in 1972.

Wth about 50 years of hydronetric records al ong the nai nstem stream
flows are estinated to have an accuracy of + 15%on an annual basi s conpared
to £ 20%or greater in the tributaries where there is a serious |lack of in-
formation. Wth the additional errors introduced in water quality sanpling
conput ed nutrient |oadings can only be considered as first estimates and in
some areas may be out by one order of magnitude.

Wi le the new hydronetric and neteorol ogi cal stations have been operated
continuously since their inception the magjority of the water quality stations
were discontinued in 1973 after two or three years of record. Hence, one of
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the nmost urgent requirenents at the present tinme is the re-establishnent
of a nunber of these stations at the earliest possible date. The sane
conditions also apply to the limological and dustfall and precipitation
nutrient nmonitoring stations.

Groundwat er nonitoring in heavily concentrated septic tank areas
will proceed as outlined in Section 17.5.1 although the actual selection
of wells for water quality sanpling will require field inspection

Apart fromthe nonitoring described in this Chapter is the need for
nore detailed water quantity nodelling operating over a weekly or even
daily basis during the freshet period to nore accuractly reflect the
hydrol ogy of the major tributaries. A simlar addition is needed to the
mai nstem nodel in routing flows through Osoyoos Lake.

Better water quantity nodelling will inprove the estinmate of
nutrient inputs providing water quality sanpling neasurenents are
conrensurate with water quantity neasurenents. In freshet periods this
will probably require quality sanpling of the major tributaries on a
weekly basis. Initially, these detailed studies should be concentrated
in those tributaries which have been reconmended for multiple water use,
nanel y:

M ssion Creek

Equesi s Creek
Trepani er Creek

Applied research should al so be continued, particularly in the
climatological field with respect to the foll ow ng

a) Rel ati onshi p between precipitation, latitude and |longitude in the
Ckanagan Basi n.

b) Check on the estimted | ake evaporation at Ckanagan, Skaha and
Gsoyoos Lakes.

c) Ext ensi on of studies on | ake evaporation versus el evation

d) Probabl e nonthly precipitati on patterns over the basin for dry and
wet years.

e) Rainfall intensity frequency curves for the major tributaries.

RECOMVENDATI ONS

The body of the text of this Chapter contains a generalized
description of a proposed nonitoring programwhich will keep water
quantity and quality in the Ckanagan Basi n under constant observation
and evaluation. The follow ng recomendations nade at this tinme serve
as guidelines in the establishnent of a water quantity and quality
nmoni toring program for the Ckanagan Basi n.

Hydronetric stations were established under the Study in eight selected
tributaries which were nost representative of the Basin as a whole. It is
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3)

4)

5)

6)

7)

recomended that these stations be operated continuously to the year 1980.
At this tine, as assessnent of the program can be nmade with probable
continuation of records to the year 2000. In conbination with this
program it will be necessary to determ ne what additional headwat er
storage and diversion neasurenents will be required as well as any
additional streamstations. It may be desirable to select those streans
whi ch are proposed for nultiple water use for additional nonitoring in the
first instance.
It is recoomended that the work of the nonitoring program be applied to
continui ng research on the rel ationshi ps between precipitation, |atitude,
| ongi tude, el evation and | ake evaporation
Most Water Quality monitoring initiated under the study was di scontinued in
the latter part of 1973. It is recommended that a nodified version of this
program be re-activated at the earliest possible date in order to parallel
the water quantity and climtic data nonitoring which have been on a
conti nuous basis since their inception
It is recomended that a detailed groundwater quality nonitoring program be
carried out in areas where ground di sposal of wastes are npst concentrated.
It is recomended that key dustfall and precipitation stations be re-
activated.
It is recomended that details of the above nonitoring programbe a joint
effort by the Federal and Provincial agencies involved in order that
wher ever possible nulti-purpose nonitoring stations can be initiated with
the internedi ate objective of reviewing the programin 1980. |In setting up
such a program careful consideration should be given to the present day,
i nternmedi ate and | ong-term objectives that are presented in the nonitoring
framework plan outlined in Table 17.1.
In the assessnent of the nonitoring program careful study should first be
made of existing records and on going stations as outlined in the follow ng
Fi gures and Tabl es.
a) HYDROVETRI C STATI ONS — MAI NSTEM

Figure 17.7 — Okanagan Basin Hydrometric Station Records Upstream

Ooville, Washington.
Figure 17.8 — Okanagan Basin Hydrometric Station Records Upstream
Ooville, Washington.




Figure 17.9 - Ckanagan Basin Hydronetric Station Records Upstream
O oville, Washington.

Figure 17.10 - Okanagan Basin Hydronetric Station Records Upstream

O oville, Washington.
b) TRI BUTARI ES

Figure 17.11 - Trout Creek - Annual 1970 Diversion Requirenments at Use
Poi nt s.

Figure 17.12 - Peachl and Creek - Annual 1970 Diversion Requirenents
at Use Points.

Figure 17.13 - Powers Creek - Annual 1970 Diversion Requirenments at Use
Poi nt s.

Figure 17.14 - Equesis Creek - Annual 1970 Diversion Requirenents at Use
Poi nt s.

Figure 17.15 - Vernon Creek - Annual 1970 Diversion Requirenments at Use
Poi nt s.

Figure 17.16 - Kel owna Creek - Annual 1970 Diversion Requirenents at Use
Poi nt s.

Figure 17.17 - Mssion Creek - Annual 1970 Diversion Requirenents at Use
Poi nt s.

Figure 17.18 - Penticton Creek - Annual 1970 Diversion Requirenents at Use
Poi nt s.

C) MEAN ANNUAL RUNOFF - TRI BUTARY STREAMS

Table 17.2 - Mean Annual Runoff of Tributary Streans.

Figure 17.19 - Mean Annual Runoff of Tributary Streans Upstream of
Gsoyoos Lake.



MEAN ANNUAL RUNCFF OF TRI BUTARY STREAMS

TABLE 17.2

(Reference Figure 17.19)

—~

Sub-~bhasin MHean Anneal Runoff Percentagc
(k.a.f.) Distributien
1. Testalinden Cr, 0.7 0.1
2. Marcen R, 1,1 0.2
3. Wolfcub Cr. b 0.2
4. Irish _ - 2,0 0.3
5. Eneas ik 0.5
[ 6. Mclean _ 3,5 0.5 |
7. McDougall 4.4 .G
| &,  Navamata e e, S BB - L 0.9
9. FPark Riil 6.3 0.9
10. Shuttlswerta 6‘7*-16' O - 1.0
o =adjusted (ULC,
11. D,ug .4 (s, 1.2
e S . (Grid sq. |
1Z. RNRaswhite 12.6 1.8
13. Peachland 12.9* 1.9
14, Povers 13,1¢% 1.9
| 15, Bellevue 5.2 . 2.2
6. Ellis 18.3 T.2
(27, Xelownz = ) 16,0 2.6
18, Shingle 20,2 2.9
| 19. _Equesis :. | 2%.1% . 92
20. Trepanier 2E.0 ' &
21, Vascux 28,7 4.2
r-22. Penticton 30.6% 4.5
23, Shorts 32.¢ o 4.7
24, Thitcman 33,0 4.8
[ 25, Lanbly - 35,4 5.2
26, Veruon 57.1% 5.3
L7, Temut. . £0,6* 3.8
23, Mission 154 .7* 22.5
Sub-total 653.,0 85.1
1. Low Area 3 0.2 0.03
-2, Low Arex 7 L pin- . - 8
3, Low Area § 1.6 ¢.2
A, bow dves @ N . Ye8 o 0.3
5. Low Area 4 2id 28]
| 6. tow Avex 5 | Z.4 N 0.4
7. low Arca & Z2.9 0.4
B, Low Arca 6 21,6 P 1074
p— o b — = s o e T e —
Sub-total 33.6 4.9
Toral 056.6 1C0.0
Not e: Taken from UBC Conputer CQutput dated May 18, 1971.
"Natural (Virgin) Inflows in k.a.f." - average of 49 years
(1921-69).
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