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ABSTRACT

The‘biological availability of phosphorus and nitrogen in rivers and
streams of the Okanagan Basin was evaluated by chemical analysis of water
and suspended sediments. Biologically available phosphofus (BAP) was
defined as the sum of dissolved P and the fraction of particulate P wﬁich
was not apatité. vBiologically available nitrogen (BAN) was defined as
the sum of dissoived’inérganic N, particulafe N And ﬁalf of the dissolved
organic N.  BAP content of the annual loadings varied from 16 to 98% of
TP while BAN vapiéd from 58 to 98% of TN. The highly variable quantity
and quality of particulate P was responsible for fhe large range of BAP
content. On the other hand, muchvlower variability and dominance of
dissolvéd organic' N was responsible for the smaller range of BAN
cpntent, Avaiiab;iity tended to be hiéher in streams wifh cultural
inputs, especiail& in the case of_nitrogen._ Fullzutilizaﬁion of BAP and
BAN loadings probably depends on the length of time that tﬁese maferials
pemain in the biologically active zdnés in each of the Okanagan Valley

lakes.



/ /
RESUME

La disponibilité biologique de phosphore et d'azote dans les riviéres et
les ruiséaux du'Bassin'de l'bkanagane fut évaluée par l'analyse chimique
des eaux et déé solides en suspensién. La disponibilité biologique de
phosphore (BAP) fut d€finie comme la somme de P dissout et ia fraction du
P particulaire qui n'est pas sous forme d'apatite. ‘Auési la
disponibilité biolbgique d'azote (BAN) fut définie comme la somme de N
inorganique dissout, de N particulaire et la moifée de N organique
dissout. Pour BAP le contenu du chargement annuel varait entre 16 a 98%
du TP quand & BAN elle varait de 58% a 98% du TN; La grande Qairation de
P particulaire en quantité et qualité fut responsable pour le grand €cart
du contenu de BAP. Par contre, le N organque dissout qui était dominant
et beaucoup moins variable, fut responsable pour le petit é€cart du
contenu BAN. La disponibilité de ses subStances avait tendance d'étre
plus élevé, spécialeﬁent pour l'azote, dans des ruiseaux qui regevaient
des substances nutritives aﬁthropogénique.. L'uﬁilization compléte des
chargements de BAP et de BAN dépend probablement de la variabilité du
temps que ces materiaux sont dans la zone active biologique des lacs de

1'Okanagane.
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‘1.  INTRODUCTION

The impact ofvnutrient loading on theltrophie gtate of the fivé major
Okanagan lakes has been evaluated using énalyses of total nitrogen (TN)
and phosphorﬁs (TP) in tributaries and in effluents from sewage treatment
plants (Tech. Supp.'V, Canada-British Columbia Okanagan Basin'Study,
1974; Stockner and Norfhcote, 1974). It has been recognized»for several
years, however, that biologically available N gﬁd P loadings are usually

less than TN or TP loading (Oglesby, 1977; Depinto et al., 1981). Since

~ the bioldgical availability of particulate P was found to be highly

variable,iﬁ these studies and a large portion of the loading in the.
Okanagan Basin was particulate; there was concern that the TP loadings
were a significant ovéréstimate of biologically Qvailable P. This was
found to be the case for Kamloops Lake in the next'drainage basin to the
north (St, John et al., 1976).‘ Because'ofrthe foreéoing concerns, the
Okanagan Bésiﬁ Tmplementation Board (OBIB) requested that_NWRI
investigate thekbiological availability of the nutrient loadings

transported to the Okanagan lakes by surface water streams and rivers.

Biological availability of nutrients in water or suspended sediments can

. be assessed by measuring it in a bioassay or by estimating it with

chemical measurements of components of known availability. Chemical
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measurements were used in this study because it could be initiated with
the least amount of laboratoﬁy preparation considering the short time
allotted for providing the information to tﬁe OBIB., This objective was
approached by sampling the tributaries six times dufing the year long
study for the analyses of total P, dissolved P, soluble reactive P (SRP),
dissolved N, ammonium N, nitrite N, nitrate N, and particulate N (PN).
These analyses allowed the calculation of pébticulate P (PP), soluble
unreactive P (SUP); total N, dissolved organic N (DON), and dissolved

inorganic N (DIN) (Table 1). The forms of P in the particulate fraction

were estimated by methods similar to Williams et al. (1976) on samples of

suspended sediments 0011eCted'during the spring "freshet" by continuous
flow centrifugation (Ongley and Blachford, 1982). The phosphorus
components in this particuléte material is réported as apatite P (AP),

non-apatite inorganic P (NAIP), and organic P (OP).

Biological availability depends on the'fbrm-of the N or P and on the time
of exposure of the form to the biological system. The most important
availability consideration for lake management is whether or nbt a
component can be utilized by the phytoplankton, the primary producers of
the lake. These organisms can utilize directly only a small number of
molecular forms of N andiP; namely orthophosphate, nitrate, nitrite, and
ammonium. The uptake of other forms of N and P require their prior

trans formation by chemical or biochemical processes to these four
compounds. Hence the term "availability" is in practice de fined
arbitrarily by the investigator because the rates of‘transformation for

each component is dependent on its form and the mix of chemical and
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Tabie'lz Phosphorus and nitrogen analysis scheme

Total P,

Dissolved Py Particulate Pe

|

Soluble Reactive Py Soluble Unreactive P* Organic Pe| Apatite P,

Non Apatite Inorganic Pe

Total N°

I

|

Dissolved N, v ~ Particulate N,
Dissolved Ammonium Nitrate | : Nitrite
organic Ne ’ * #* #

* measured components

* calculated components



biochemical processes occurring in that particular receiving
environment. The definition of "availability" used in this study is

elaborated in the discussion.

Estimating the relative proportion of biologically available P and N (BAP
and BAN) in the total P and N loadings requires sampling>throughout the
year because the relationship between BAP and TP or BAN and TN is
variable. An adequate sampling frequency for observing compositional
changes was assumed to be much lower than that required for annual
loading estimates. In this study six samples per year were assumed to be

adequate to describe the compositional changes which occur scsasonally.

' The composition was expected to be affected strongly by hydrology.

Specifically, the particulate.P was expected to be the major component of
TP during spring runoff. Hence it was additionally assumed that one
sample of the suspended sediment collected duping the high flow period
would be adequate to characferize the bioavailability of the PP loading

at each site.

The sampling occurred between September, 1980 aﬁd August, 1981. The
sampling periods were almost equally distributed between high and low
flow. The high flow periodé sampled in this study were during spring
runbff as signifiéant rgin storﬁ events in other seasons were missed.

The stream discharges during low flow peridd preceding the 1981 snow melt
were below average but the discharges during the snow melt were higher
than normal. This discharge pattern was caused by double the normal-

rainfall in May on a less than average snowpack. The discharges during




June and July were average except for discharges at the Okanagan River

sites which were well above average.



2.

METHODS

2.1 _.Water Sampling and Analysis

Water samples were retrieved from the point of obvioué main flow on
the smailer creeks and from central positions below bridges, if
available, on larger rivers. In larger creeks or rivers without
bridggs, the samples'#efe obtairied close to shore where no obvious
back eddies occursd. Since ascertaining spatial and temporal
variabilities was not the objective of this study, only one sample
was collected and then analyzed in triplicate. The sample was
collected by plastic bucket and immediately poured into 3 one litre
plastic bottles in a way that maintained>homogeneity. These 3

bottles then became the replicates for chemical analyses.

Turbidity, conductivity and temperature were measured on the sample
in the field. Turbidity was measured with a DTR 2000 meter in NTU
units, conductivify was measured with an induction probe on a Triac

CM100 and temperature with a mercury thermometer graduated in 0.1°C.

ForAanalysis of dissolved N and P components samples were filtered
immediately through Satorius cellulose acetate membrane filters
(0.45 micron, SM 11106) which had beenV$oaked in deionized water for
8 hours. SRP samples (50mL) were preserved with 0.5mL of
thoroform. All samples were stored in coolers. The PC/PN samples

were filtered at the end of the day through Whatman GF/F glass fiber

filters and frozen.




SRP samples were analyzed at the NWRI laboratory within a week of
collection. All rem&ining chemical analysis were conducted at the
Pacific Water Quality Laboratory within a week of sampling. The

analytical procedures are outlined in Table 2.

2.2. Suspended Sediment Sampling and Analysis
Suspended sediments were collected by continuous-flow centrifugation
of water simultaneouslykpumped from the middle of-thé stream. 'Thg |
configuration of the sampling apparatus énd’technique was designed
and supplied by ENVIRODATA Ltd., who were cOnfracteq for the
samplingf_ Thgir SediSamp System‘f iq fully described by Ongley and
Blachford (1982). Thé flow-through rate was 4L°ﬁin-l. Because
the content of suspended sediments varied COnsiderably,‘the sampling
intérval varied from 45 minutes to 6 hours.»_After enough sediment
had been collecfed? the sediments were transféred with washing té a
plastic ﬁottle,A This sample was con¢egtrafed ét_ﬁheAend of. the day
in a batch ceptgifugg,and transfered to plésﬁic(bagsAand froéen.‘
>Upon return to the laboratory, the samplgﬁ were fyeéze.Qried and
sieved through a 64 micron sieve. Only'thé finer.size-fraction was

analyzed for phosphorus components.

The P fraction analysis scheme was essentially‘a'quification of the
proximate analysis technique developed by Williams et al. (1976).

It involvaed the analysis of orthophosphate in 3 different extracts
of the sediment samples. For total P (TP), a sub{samplgiwas_roasted

at 550°C for 2 hours and extracted twice for 16 hours in 1N HCI.




TABLE 2: Chemical Analysis Procedures

Analysis

Range

Daetection

Limit

1. Phosphrous (total and dissolved):'
Sulphuric acid and persulphate digestion
in an autoclave followed by formation of
the coloured complex of antimony—pﬁospho—
molybdate after reduction with ascorbic

acid. Measured at 880 am

2. Phosphorus (soluble reactive):
Phosphomolybdate complex formed on an
undigested sample and reduced to the
coloured complex with Sn 012. Measured
at 660 nm.

3. Nitrate + Nitrite:
Nitrate reduced to nitrite using a Cu
coated C4d filing column. Azo &ye formed
with sulphanilamide and N-(1 naphthyl)
ethyl ethyleﬁediamine dihydrochloride.

Measured at 550 nm

4. Ammonia:
FPormation of inddphenol by reaction with
hypochlorite, phenol and nitroprusside.

Measured at 630 nm

0-50 ppb

0-200 ppb

0.50 ppb

0-200 ppb

0-200 ppb

0.5 ppb

2 ppb

1 ppdb

2 ppdb

2 ppb




TABLE 2: Analysis Procedures

Analysis Procedure

continued

Range

Detection

Limit

5. Total Dissolved N:
Oxidation by UV light under acidic then
basic conditions to nitrate and nitrite.

Measured as in procedure 3.

6. PC/PN:
Filtration on 47 mm GF/F glass fiber
filters which have been ashed at 450°C
for four hours. Filters frozen in the
field and air dried before analysis on a
Hewlétt-Packard CHN analyzer after com-
bustion at 950°C.

7. Silica:
Formation of the silicomolybdate complex
and subseduent destruction of the
phosphomolybdate complex with oxalic acid.

Measured at 480 =nm.

8. Chloride: _ .
Formation of ferric thiocyanate after
reaction with mercuric thiocyanate.

Measured at 480 =am.

0-500 ppdb

- 5-~1000 ppb

0-20 ppm

0-20 ppm

10 ppd

5 ppb if
1L filt-

ered

0.2 ppm

0.2 ppm
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For total inorganic P (TIP), a second sub-sample was extracted in 1N
HC1l without prior roasting{' For apatite P (AP), a third sub-sample
was sequentially extracted with citrate dithionate buffer for 30

" minutes, 1N NaOH for 16 hours and 1IN HC1 for 16 hours. Only the HCl
extract was analyzed. The extracts were analyzed
spectrophotometrically in alTechnicon System after a 15:1 dilution
after the methods of Harwood et al. (1969) using ascorbic acid as

the reductant.

Organic P (OP) was calculated by subtracting TIP from TP.

Non-apatite inorganic P (NAIP) was calculated by subtracting AP from

TIP.
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1

3.  DATA

3.1, Sampling site chargéteristics
There were 20 sampliﬁg locationsvwhich,were'categorized into two
groﬁps bagsed on fhe source of their water (Figuré 1). Mountain
tributaries have their sources predomihantiy at higher elevations in
the drainage basin, and valley tributafies have their sources in the
major valiey lakes (Table 3). Additional sampling was undertaken at

"upstream sites in the Shingie and Vasgux Creeks drainage basins in '
support 6f activities of the OBIB stddy on nutrient.loadings.' These
locations were sampled dufing October,lléao_andAearly May, 1981 for

water analyses and in early May for suspended sediments.

Moét streams were sampled as near as ﬁossible tq.thgir mid-point of
flow. Exéeptions wgfg thg outlets:qf:Wood, Kaiémalka, Okanagan and
Skéha Lakes, and'some_tributaries duringlhigpgst flows when‘ﬁading'
into the middle Qf the.créék ﬁed‘wquld have been suigidal.: These
exceptioﬁs were sampled‘at'the shore in the‘pbvious downstregm

flow. It.was aSsgmed tﬁat_the potential cross-gtream variability'in
content of‘N and P would‘not affect the relative composition

gignificantly.

3.2 Sampling Dates:
The sampling occurred during seven trips to the valley (Table 4).
Some stations were not sampled on each trip. Specifié dates and

hour of sampiing are included in the data listings (Appendix‘I).
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‘TABLE 3: Station Locations

- Location

Categories
‘N W

Mountain Tributaries
Deep 50.20.58 119.17.50
Equesis - 50.17.18 119.24.38
Coldstream 50.13.28 119.15.30
Vernon above Hiram Walker 50.00.50 119.23.00
Vernon below Hiram Walker 50.00.13 119.23.16
Winfield 50.03.08 119.24.18
Mission 49,.50.34 119.29.10
Lambly 49.55.42. 119.30.40
Trout 49.34.05 119.37.50
Shingle 49.28.48 119.36.03
Vaseux 4g,14,42 119.31.25

2, Valley Tributaries.

a) Lake inlets I o :
Vernon at Wood ) 50.03.08 119.24.15
Vernon at Okanagan 50.15.50 119.20.35
Okanagan at Skaha 49,27.20 119.35.45
Okanagan at Osoyoos 49,05.21 119.32.05

b) Lake outlets
Ellison 50.00.58 119.24.05
Wood . 50.06.39 119.22.50
Kalamalka 50.13.54 119.16.00
Okanagan 49,30.06 119.36.45
Skaha 49.20.40 119.34.48
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preliminary sampling was carried out in late May 1980 in Vernon,

Ejuesis and Coldstream Creeks.

used in. the analysis.

The -results of this sampling were

* TABLE 4: Water Sampling Dates

Monitor Year

Month Days Stations not sampled
# ,
1 80 Sept 8~11 Winfield, Shingle
2a 80 Oct 19-20 Lambly; Trout; Vernon below-HW;
Vaseux; Ejuesis; Okanagan, Ellison,
Skaha and Kalamalka outlets; Skaha
and Osoyoos inlets
2b 80 Dec 2 every one except Vernon at Wood,
Wood outlet, Winfield
3 81 Jan 20-22
y 81 V Apr 30 Vernon below HW
May 1-6
5 81 May 26-28
6 81 June 23-25
7 81 July 27-30

Monitors 4 and 5 were during the spring snow melt with monitor 5

experiencing the highest flows. High flows persisted in some

stations during monitor 6.

This was the case in the Okanagan River

and in Vernon, Deep, Coldstream and Trout Creeks. No major

ralnstorm events occurred during the other monitors so the
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TABLE 5: Suspended Sedimént Stations and Sampling Dﬁration

Date

Location v.(l981) Time
"Mountain Tributaries
Deep May 3 0940-1040
Equesis ‘May 3 0900-1100
Coldstream May 3 1355-1505
Vernon above_HirameWaiker‘ May I 1026-1326
Mission May 2 1120-1305
Lambly AMay»é 1033-1203
Trout April 30 0§96-1030
Shingle at Mouth April 30  1645-1830
Shingle below Rogers Ranch1 Apr11'3Q 1440-1540
Shat ford at bridge, April 30 1404-1628
Vaseux May 1 1637~-1822
Vaseux at hydrometrié stationy Méy 5 11261225
1323-1640
Upderdown Creek,, May’5  1325-1710 .
| Wabash Creek, *May 1 1148-1445
Upper Vaseuxé May 1 1105-1410
Lake Inlets
Vernon at Wood Lake May U4 " 0926-1026
Vernon at Okanagan Lake May 3 1205-1435

1.
2. Stations in the Vaseux Creek Drainage basin

Stations in the Shingle Creek drainage basin
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concentrations on thoses dates were considered to represent low flow.

Suspended sediment sampling took place from April 30 to May 5 during

monitor 4. All lake outlets and the inlets of Skaha and Osoyoos

Lakes were ﬁof'sampled'for suspended sediments. Stations samplzd

and duration of sampling'is'listéd in Table 5.

3‘3-‘

Water Sampling Results

3.3.1. Compositional and seasonal pattern

There were basic differences in compositional and seasonal
‘patterns between the mountain and valley tributaries. The
seasonal effects on P concentrations were dramatic in both

types. The compositional patterns were modified to varying

~ degrees when significant cultural sources of N and P existed.

To facilitate the description, phosphorus and nitrogen will be

treated separately. Complete data are available in Appendix I.

Phosphorus

In most mountain tributaries, the coacentrations of SUP, SRP
and PP fluctuated within a narrow range exéept dﬁfing the
spring snow melt (Monitors 4, 5 and 6) when concentrations of
SUP and PP increased dramatically. Mission Creek showed this
pattern (Figure 2). However, in tributaries with large
cultural inputs, SUP was constant and SRP decreased during the

freshet (eg. Deep, Figure 2).
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FIGURE 2: Mission and Deep Creeks phosphorus concentrations
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At mdst lake inlet stations, the PP was highest during spring
freshet whereas SRP and SUP generally declined. This pattern
wés demonstrated at the inlet of Skéha (Figare 3). The very
high PP observed in late May reflects the influence of Shingle
and Ellis creeks at this fime of &eér when fhey carried large
amounts of'PP t§ fhe_Okéﬁagan River. The surprisingly high SRP
and SUP iﬁ early May reflects tﬂe influence of the Penticton
sewage treatment plant effluent at a time when the outflow from

3

Okanagan Lake was very low (2.9 m 's_l). Effects similar

to these were observed at the other lake inlet stations.

At most lake'butief'stations (ég. Skaha lk., Figure 3), high
SUP and SRP concentrations occurred in winter and early spring
followed by low concentratiéns in summer. Two exceptions wers
the outlets of Kalamalka and Ellison lakés where concentrations
were highest in July and September respectively. PP was
generally higher during the summer.in lake outiets although

this was not fhe case for Skaha.

vNitrogen
In mountain‘tributaries, DON was usually the dominant form of N
and usually feached maximum concentrati§ns during the spring
freshet (eg. Lambly, Figure 4). 1In contrast nitrate + nitrite
(NN) and ammonium (AN) were usually highest during winter.

However, this generalization did not describe the pattern

observed in tributaries with cultural inputs (eg.'Winfield,
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Coldstream, Deép, Equesis, Trout, Mission). In these
tributaries NN was usually the dominant N form and it was
highest'during autumn and winter (eg. Coldstream, Figure 5).
Nitrite was also frequently observed in these polluted
tributaries. Pwaas highest during spring runoff in all the

mountain tributaries.

At fhe lake inlet stations, the basic éompositional nature of
the upstream lake outlet was modified by cultural and mountain
tributary inputs. NN was usually noticeably elevated during
low flow at stations where culturgl inpufé<occurred. AN was
the dominant DIN component in the Skaha Lake_input. PN reached
highest levels during:spring freshet at those sites influenced

by mountain tributaries.

In the lake outleté, DON was dgain the dominant form but it did
not fluctuate appreciably like it did in the mountain
tributaries (egQ Skaha Lk.,‘Figure 6).v NN'wgs at its maximum
during winter and often dropped below detection during summer.

AN was generally low but occasionally increased up to

‘20ug-L_1. PN was usually higher during the grqwing

season but the difference between winter and summer was not

great.

3+3.2. Relationships of PP and PN to turbidity.

When PP and PN were correlated with field-measured turbidity,



Nitrogen Compone.nts (ug.C )

—-22-

|m DON

e----oPN

12100

‘1800_..\\\\.’//,,///*”'

1500

® NO;+ NO,

o----0NH,

1200
900
600

300

FIGURE 5: Coldstream Creek nitrogen concentrations

14



Nitrogen Components (ug.C")

_23_

[ B DON
240 - o ---oPN
//' -
160 4 '
120
80 & .
. ‘~\\\ __.__0-‘--._\;.
40 \‘\Q——“'_
T T T I T | T E— T
120 .
[ ] I'N03—{-NO2
100 — _
. .—-'--,,NH“'
80 :
60 -
40
20 N
I o o

Month

' - l\‘\:..r_:—l

FIGURE 6: Skaha Lake outlet nit;rogen .coﬁ’ceﬁtrations



3

(mg/m

Particulate P.

3,

(mg/m

Particulate N.

SBQ

400

300
200

100

1000
800
600
400

200

FIGURE 7: PP and PN versus turbidity in mountain tributaries

—24-

X=4.,8Y-1.3

R¥R=.90

_ | | |
@ 2@ 40 60 80 100

Turbidity (JTU)

*

%) 20 40 60 : 21%) 190

Turbidity (JTU)




—

I N -

Particulate N.

3

(mg/m

3

(mg/m

Particulate P.

300
250
200

158

180

1%

400

300

200

100

_25_

X=3.3Y-6.3

Turbidity (JTU)

1 : T | T — 1
%) 18 = 20 . 3@ 40 50

Turbidity (JTU)

FIGURE 8: PP and PN versus turbidity in lake inlets



3,

(mg/m

Particulate P..

3

(mg/m

Particulate N.

190
80

60

40

20

200

150

100

1%

_26_

5 18 15 . 28 25

Turbidity (JTU)

X=2.7Y+42.4.

» | ~ R%R=.47 "

T T T T !
5 10 15 20 25

Turbidity (JTU)

- FIGURE 9: PP and PN versus turbidity in lake outlets




N .

Il PN BN EE ..

- 27 -

by linear regression, the correlations were good between PP and
tarbidity but not betwsen PN and turbidity (Figures 7, 8

and 9). The slopes of the regression lines varied among the
mountain tributarieé, lake inlets and lake outlets. PP
increased fastest with increasing turbidity in_the mountain

tributaries and slowest in lake outlets.

3.4. Suspended Sediment Sampling Results

The most common component of particulate phosphorus was apatitg
(AP), usually accounting for 40 to 80% of the total P (Table 6).
The remaining P was made up almost equally of organic P (orP) and

noﬁ-apatite inorgénic P (NAIP).

Although the suspended sediments had as much as 3500 ugP'gfl,
the moét frequent valués occurredvbetwegnkldoo and 1800
ugP°g-lg The most frequent concentration ranges for OP; NAIP
and Avaere‘150;l60, 100-400,and 800-1000 ugP°g_1, respectively

(Figure 10).

There were several exceptions to the preceeding generalizations.

Deep Crecsk sediment had a very low amount of AP which dnly accounted

"for 7% of the TP while OP and NAIP were the highest measured

together comprisiﬁg more than 90% of the total. Samples from

“Underdown and Wabash Creeks also had low AP and high OP contents but

NAIP was not greater than average. At the other extreme there was

Trout Creek with the highest AP content which made up eggsentially
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TABLE 6a_*Suspended Sediment Phosphorus Component Concentrations (ug°g-15
STATION TP NAIP op AP AP
| % of TP

Equesis 1200 110 285 800 66
Deep 3470 1630 | 1570 270 7
Coldstream 1130 50 190 890 78
Vernon above Ellison 1400 275 . 470 660 u7
Vernon above ]

Wood Lake 1480 260 265 950 64
Vernon above '

Okanagan Lake 1055 255 240 560 53
Mission 1475 200 180 1020 69
Lambly 1250 195 265 790 63
Trout 1320 2 ~-25 1340 100
Shingle 1610 385 550 680 42
Shingle below ,

Rogers Ranch) 1310 280 170 870 66
Shat ford at bridge, 1785 360 490 930 52
Vaseux 1090 120 165 805 73
Vaseux at hydro- ‘

metric stationp 1160 140 200 820 70
Underdown Creek., 1970 565 1180 225 11
Wabash Creek, 1695 315 1095 285 16
Upper Vaseux, 1120 140 430 550 49

1. Stations in the Shingle Creek drainage basin
2. Stations in the Vaseux Creek drainage basin
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1002 of the TP at the time of sampling.

Concéntrations‘of PP in the input and output streams of the

. ceﬁtfifuge were measured to ascertain the recoyery efficiency of the
ENIVRODATA SediSamp System I+ The average recbvery was 87% and
réngéd between 79 and 95%, except for two small stfeams in the
VaseuxlCréek basin where recoveries of 43 and iOO% were calculated.
However, both locations had PP concentrations close to the detection
limit,Aso the precision of these. two estimates of recovery is

probably poor.

On May 25, in the Shingle Creek basin, there was a.heavy rainstorm
which resulted in very high suspended sediment concentrations.
Seve?al water samples of this event were provided to us by the OBLB
study team which was monitoring the stream. The suspended sediment
in 1L of water was sufficient to harvest the required amount in the
less than 64 micron size fraction for P analysis. These samples
offered an dpportunity to test the generalizations supported by our

sampling which had occurred three weeks earlier.

The P composition of the suspenaed sediments sampled downstream of
Rogers Ranch was almost identical (Tabie 7). Samples at Shatford
Creek bridge and Shingle Creek mouth, however, showed considerable
enrichment of AP in the rainstorm. Other stations at higher
elevations in the drainage basin were sémpled during the rainstorm

and their analyses showed that AP increased over. one third between

I T N e
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the Water Survey station and the bridge on Shatford Creek the major

. ‘tributary of Shingle Creek.
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Comparison of P components in suspended sediments

TABLE 7: ,
collected in Shingle Creck drainage basin on April 30
and May 25.
‘ pgeg== ,
Station Date TP NAIP 0P AP AP
: (% of TP)

Shingle above April 30  —mmmmemeeeeiea- No sample--—====mm==mmomooeoeno
Rogers Ranch May 25 1325 160 230 935 71
Shingle below April 30 1310 280 170 870 66
Rogers Ranch - May 25 1380 240 240 900 65
Shatford at April 30 @ ~-smecem—eeeee No sample--===--memccmcemmac—-—
Apex Station May 25 1420 210 245 970 68
Shatford at
Water Survey April 30 escecmcmmmeee—— No sample-----cec—mmmmmmme e
Station May 25 1465 290 275 905 62
Shatford at April 30 = 1785 360 490 930 52
Bridge May 25 1740 145 360 1240 71
Shingle Creek  April 30 1610 - 385 550 680 42
at Mouth ' May 25 1530 275 225 . 1030 67
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4.  DISCUSSION

4.1. Definition and Computation of BAP and BAN
Since it is believed that phytoplankton producé the majority of the
organic carbon in these lakes (Stockner aad Northcote, 1974), the

biological availability of N and P for phytoplankton was chosen as

the critéria for defiﬁing BAP and‘BAN.. Since most phytoplahkton can
only take up ofthophosphafe-P, nitrate-N, nitrite~N and ﬁmmonia-N
directly, the availability of other dissolved and partiéuiate forms
of Pand N depéndS'oﬁ their rate of breakdown to these foﬁr
components relaﬁivé to their residence time in the water columa.
For example, apgtite—? can be slowiy-dissplyed in ngtural fréshwater
but the rate.is 80 slow in relétion to itsvsédimenfatibn rate that
it is essentially unavailaﬁle (Williams et sl., 1980). In some
cases the reéeiving environmeﬁt cén affect the definition of
availability. For ihsténce, adsorption of phosphate from lake water
by suspended sedimenﬁ iﬁput can §0metime§ remove availéble P from
the water column (Green et al., 1978). Another exgmple coﬁld arise,
| if the degraddtion of DQN were,SIOW.rgiative to high flushing rates
observed in.sbme‘lakes (egf_Skaha and Osoyoos). ‘ObQiously these
compliqations cannot be tackled.in a preliminafy{investigation ofA
‘this sort."The rates of release of the orthdphosphate,.nitrate,
ﬁitrite or ammonia ffom many specific particulate or'dissolved
compounds are not known. Also the ability to uée‘experimentally
measured_reléase rafes,in the assessment of those rates in lakes is

very poor at this time.

a
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The simplest approach-to:the problem is to estimate the potential
availability of the major components of P and N fbom‘data generated
in thls study and from literature estimates. These availability
estimates can only be of the potential availability; estimations on
actual availability  in each receiving environment will not be |

attempted. The ma jor components of BAP and BAN are as follows:

BAP

SRP + a(SUP) + b(PP)

BAN = DIN + c(DON) + d(PN)

‘where: a, b, ¢ and d are availability coefficients
DIN = AN + NN
The choice of the availability coefficients in this study is based
on data for coefficiént b only, the others were based on some data
and discussions in the literature,.as detailed in the following

discussion.

Soluble Reactive Phosphorus

This coﬁponent is made up of orthophosphate andeeakly associated
phosphate in some high molecular weight colloids (Lean, 1973).
While the orthophosphate is rapidly available, tha latter may be
only slowly available (Paerl and Downes, 1978). SRP was assumed to

be completely available within the definitions of this study.

Soluble Unreactive Phosphorus

SUP is made up of identifiable organic compounds (eg. glycerophos-
phate, glucose-b-phosphate, DNA, adenylate phosphates, inositol

phosphate, and phosphoproteins), unidentified phosphorus

- s I S s
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compounds in humic and fulvic acids and phosphate in colloidal

material which is not measured as SRP.

The degree of availability of each of the SUP components is varied.
Initial reseagch suggesfs that soﬁe of it is pofentially available
but thaf the pfoportion’is‘variable (Peters,‘iQBl).- Francko and
Heath (1979) found that much of the SUP in a eutrophic lake -and a
bog were converted to orthdéhosphate ﬁhen alkaiiné phosphatase or
low dose UV light waé applied. Because of the ambiguities'in the

literature, it was decided to include ali of this fraction in the

potentially available category; in other words co-efficient a was

. arbitrarily set equal to one.

Particulate Phosphorus

0f the three components of PP, only Apgtite‘(AP)_is considered
essentially unavailable (Williams et'al;, 1980). _Vafious authors
have found that fractions closely related to NAIP are available to(
bioassay organisms in short term incubations (Dorich et al., 1980,
Verhoff and Heffner 1979, Williams et al., 1980;vDepinto et al.,
1981). On the otherhénd, the availability of OP is not»certain
(williams et al., 19807._ Certainly the number of steps required to
make this fraction available precludes rapid uptake by
'phytoplagkton. Orthophosphate éan be réléased from OP after
hydrolysis by algal or bacterial phosphataSes. Thése processes
would occur to varying degrges depending on the'receiving ﬁater

environment. For instance, if a lake had extensive littoral zones
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the likelihood of releasing phosphate from organic particles would
be enhanced due tb very active benthic fauna and bacterial
populations. On the other hand if a lake-ﬁad extensive pelagic
zones and a rapid sediméntation rate in those zones then the extent
of phosphate release before a particle was buried in the relatively
inéctive sediments woﬁld be low. fn this treatment of availability,
we have once again opted for "potential" availability as the
critgria and would include OP in this category. Because of the
foregoing arguments, coefficient b has been made proportional to the
relative amountvof NATP and'OP in the suspended sediment saﬁples
(Table 8). The coefficient was rounded off to the nearest tenth to

reflect the frequency of.sampling.

Dissolved Inorganic Nitrogen

Ammqnium is-@sually ﬁostirapidly-taken up by photoplankton, followed
by nitrite and nitrate (Murphy, 1980). Since there is essentially
complete specificity in the analyées of these components, the
problems that arise in differentiating orthophosphate from other SRP

components do ﬁot arise in evaluating the availability of DIN.

Dissolved Organic Nitrogen

Dissolved 6rganic nitrogen consists of identif;able organic
compounds (eg. amino acids, proteins, DNA, amino sugars, urea) ahd
unidentifiable nitrogen-containing‘organic compounds in humic and
fulvic acids. Urea is available to éhytoplankton although at a

slower rate than ammonium (McCarthy, 1972). Very little information

- e Em Y mm
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TABLE 8: Particulate P Bioavailability Coefficient

Sampled

Tributary Coe fficient
Deep 0.9
Vernon above Ellison, Wood ‘
and Okanagan Lakes 0.5
Shingle
Lambly
Ejuesis 0.4
Vaseux 0.3
Mission
Coldstream 0.2
Trout 0.1
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isAaQaiiabIe on the availability of the other DON components. Cowen
et al. (1978) presented data for organic nitrogen (particulate and
dissolved) in tributaries of Lake Oatario. They found between 30

and 60% of the total organic N was available.

An estimate of availabiity'of DON in the Okanagan basin was obtained
by comparing suitany éveraged_idput concentrations to the
mid-winfer outflow concentrations of Wood, Kalamalka and Okanagan

lakes. The suitably averaged input concentration was obtained by

multipiying the volume-weighted mean of the input by an evaporation .

correction. The result would be the concentration iﬁ the lake if
DON was a conservative component like chloride. Outflow
concentrations in winter were used to reflect lake coaceatrations in
general. This comparison showed that DON in the lake decreased

42 to 64% relative to inpuf concent;ations (Table 9). The equating
of this percentage decrease to the bioavailability of the DON must
be cénsidered very preliminary and a gross estimate. For instance,
it assumes that all the DON, produced by phytoﬁlaﬁkton in the 1lake,

is degraded before mid-winter.

Taking both Lake Ontario and Okanagan Basin svidence into

consideration, coefficient ¢ was arbitrarily set equal to 0.5.

Particulate Nitrogen

Particulate nitrogen is mostly organic although some could be

ammonium associated with clays. Since our PN analysis method
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TABLE 9: Comparison of inflow ‘and outlet concentrations of -

Trout

Sewage Efflﬁenf*.

- DON (pger™)
Volume , Winter -

Lake Weighted  Evaporation Corrected Outlet = #DON

' Iaflow correction “Inflow Concentration

Concentration Concentration c-=d x 100%
a. b c d c

Wood Lake

Vernon 334 1.55 517 298 42
Kalamalka Lake

Coldstream,

Wood Lake '

outlet 2175 1.57 431 156 64
Okanagan Lake

Equesis

D=zep

Vernon 250 1.34 335 134 60
Mission |

Lambly

*Randtke and McCarty (1977)
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involves COnbustion in a CHN analyzef which wpuld not quantitatively
recover the clay associated ammonium, the PN values were assamed to
be entirely'drganié.f The type of organic particles was not
:investigatédvdiréctly by microscopy. G;neral indications of the
composition could be aéduced from the PC/PN ratio. Tﬁis ratio
usually réﬁgedvbétweén 10 and 20 and was iﬁdicative of a mixture of
fresh organic matter,zsoil, and forest litter. There have not been
specific studies of the availability ;f nitrogen from these
particles. Cowen et al. (1978) estimated that half of the total
organic nitrogen (dissolved and particuiafe) was available in
tributaries of Lake Oﬁtario; the relafive contribution of the
dissolved and pérticulate nitrogen to the bio-availability was not
inveétigated. The decision to assign availability to the PN
fractioﬁ was someﬁhdt’afbitrary in ligpt of no specific data. We
chose to assign a cﬁefficient of 1.0 as the upper limit of the

potential availability.

4.2. Relative BAP and BAN Loadings
The relative amounts of BAP and BAN in total loadings were sstimated
by a discharge weighting technique which multiplied average
concentrations in low and high flow periods bylio year average
discharge in each period. The average concentrations in each
period were obtained after BAP and BAN were calculated using the
preyiously discussed formulae. The coefficieﬁts of the formulae
were assumed to be the same for bofh high and low flow. More

complicated and potentially better discharge weighting techniques

- N BE B .
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(Dolan et. al., 1981) could not be attemptéd with'the limited

frequency of the data.

‘The assignment of high and low flow periods was arbitrary but it
" usually involved calculating the average amount of dischérge for the

‘.Méy and June period. The assignment of a specific sampling date to

the high or flow period depended on the actual flow for 1980-198l.

This results in some samples occurring in May which were low flow

and some in July which were high flow. These samples were averaged

‘with the data from the appropriate flow regime. At several stations

there was no recent digcharge data (eg. Vernon above Hiram Walker,
and at outlet of Ellison Lk, Shingle at the mouth, Deep at the
mouth, Lambly at the mouth) and the dlder data may not have been of

10 years duration.

The flow periods used for calculation of BAP and BAN contents in
lake outlets were.winter and growing season, to reflect the faét
that dissolved nutrient qoncentrations are'higheét during winter‘and
almost undetecfgble in,sqme’cases during summer. ,Since:suépended
‘sédim;nts were_nof collected in the dutléts,’it’Wgs_necéssary to

guess:the BAP content of the PP. Tt was assumed to be 90% based on

© the generalvobservation that the majority of the PP would be organic

‘detritus produced within the lake.

BAP’cdntent ranged from 16 to 98% of TP loadings whereas_BAN content

ranged from 58 to 98% éf TN (Table 10). ‘The very large fapge
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in BAP contents reflecté the effects of highly variable
contributions of apatite in the particulate matter as well as the
highly variable yield of particulate matter from eaqh tributary.
The much smaller range of BAN content demonstrates the consistently

high proportion of DON in the loading from different“drainage basins.

S I BN B =
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Table 10: 10 year discharge-averaged BAP and BAN ioadings as a percent
of TP and TN loadings

Tributary . % BAPa» ' 9 BAN»

1. Mountain Tributaries

Deep - 96 _ A 76
E]uesié 57 =~ 76
Coldstream ' by _ 90
- Vernon above Hiram-Walker 77 , | 59 ;
Vernon below Hiram-Walker 73 o 58
Winfield ' 98 o 98
Mission - | m 72
Lambly 65 o 62
Trout , 16 69
Shingle ' | : 55 o 7
Vaseux - 48 59

2. Valley Tributaries
a) Lake inlets

Vernon at Wood 60 . 82
Vernon at Okanagan _ ™o 80
Okanagan at Skaha by 75
Okanégan at OSoyoAs - ‘57 - 70
b) Llake outlets | _ _ :
Ellison 92 } 76
Woods | ' 98 63
‘Kalamalka o9y - 62
Okanagan . 87 62
~ Skaha 94 66

® Detailed calculations are available in Appendix'II.
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5. CONCLUSIONS

SRP was the most common constituent of the TP components except during
the high discharge periods when PP became the dominant form, SUP rarely

became more important than SRP and only during early freshet.

DON was the dominant form of N in most tributaries and was at its highest
concentration during early fkesﬁet; On the otﬁer hand,'NN and AN were at
their lowest concentratiohs during freshet and summer. In tributaries
influenced by cultural inputs,<NN was usually the most common component,

although AN was the dominant DIN component in the Okanagan River above

Skaha Lake.

PP was highly correlated with turbidity whereas PN was not. This close
cofbespohdence between PP_aﬁd:turbidity could allow continuous monitoring
data of turbidity to be tranéformed into continddus PP data. Since the
variability of DP concentrations is liable ﬁo be much less than that of
PP, better TP loading estimates could be obtained if automatic water
samplers and turbidity sensors can be combined wiph continuous

measurement of discharge.

The suspended sediment was relatively rich in P cémpared to suspended
sediment from the Great Lakes Basin where extensive studies have been
carried out (Logan et al., 1979). The relative proporﬁioné of
AP/NAIP/OP, however, showed that the Okanagan sediments were higher in AP

only. This reflects the source of most of the PP in the tributaries. In
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the mountain tributaries, the erosional combonents were mainly from cut
banks whichiare nade up of glacial-deposits and are rich'in‘AP. In Deep'
Creek, on the other hand, surface runoff from agrlcultural land prov1des
most of the sediments and they are rich in NAIP and OP, much like the .

sediments of the Great Lakes Basin.

~ The seasonal variation in the composition of_PP was'not‘investigated‘in

this study. Although the majority of the‘loading ofaPP occurs in spring
when we sampled the suspended sedlments, the effect of compositional

changes during low d1scharge periods could benlargenenough to negate some
of the eonclusions advanoed,here. 1t is likely thatieospended'sediments

from low discharge.periods will be characterized;bylhigher“NAIP and ‘OP

-contents as well as a highef overall TP content'(Qngley et. al., 1981).

The impact of higher bioavailability during periods'of low PP loading

remains to be evaluat=zd.

The potential biological availability of the 1utfient.inputs to the

_ Okanagan Valley lakes varies cons1derab1y;'espec1ally for phosphorus.

The relative annual BAP loadings ranged betw en 16 and 98% of the TP

loadings. The relatlve annual BAN loadings ranged between 58 and’ 98% of

: the ™ loadings, The - stations w1th hlgh relative percentages for BAN

were usaally those strongly influenced by cultural activities in the
drainage ba31n (ng. Coldstream, Deep, Winfield Vernon above Wood and
Okanagan) However, the statloqs with high relative percentages of BAP
were not uniformly those 1nfluenced strongly by cultural 1nf1uences. In

fact the station with the third highest BAP perceatage (77%) was Vernon
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above Hiram Walker which has very little cultural input. Lambly also had

a h-igherlBAP"cdnte'n»t than most at 65%. In contrast Coldstream's TP input
was only'44% available even though it is hea&iiy infiaeﬁced by cultural
inputs. quwledge of BAP content also changed the 1mportance of TP
loading from Trout Crenk whlch is a magor contrlbator of TP to tha basin
(Tech. Suppl. 1v, 1974). In fact the BAP loading for Trout Creek was

less than thét_of.Shingle Creek which is an average contributor of TP.

The'poténtiél'biologicai availability of fhe natrient éprrts from the
lakes was cdnsiétenfly high_fof phosphorus éﬁdviow for gitrpgen. BAP
cohteﬁt averaged:93% whereas the BAN content avéraged 63% excépt for
Ellison which was 76%. Since iaks outlet chemistfy refleéts the
‘compositional characteristics of fhe sqrface layers of the laké, it is
not suprising that tﬁé_BAN_contenf was low because;the available |
components were utilizéd_by the pﬁytopléﬁkton.thrOughout the growing
‘season. The high BAP donfeﬁt; however, is someﬁhat béffliﬁg. Becauée of
the définition uséd here and the assumption that 90% of the PP waé
available it could not be otherwise. In reélity, the availability of the
SUP content in léke surface waters must be lower fhan the 100% assumed in

this investigation.-

While selection of availabilify coefficiénts;>was partly arbitrary, it
shpuld be emphasized that the biological availability estimates derived
from them were liable to'ge maximum estimates. TﬁeAréte at which these
potentially available fractions are actually utilized remains a‘subject

for further study. In systems with short water residence~times (eg.

| b
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Skaha and Osoyoos Lakes), the actual BAP and BAN utilized is probably

much lower than the potential. Conversely, in Okanagan Lakz, the long

residence time should lead to greatef utilization.

The BAP and BAN loading'information prpvided by_this report should
affect some water quality management strategies inAthé bagin for several
reasons. - First, the ufility of TP loadiqg estimateé for deciding where
control measures are required i; very poor in this basin because in'many
instances the potential BAP loadings arevlesszthan 50% of TP loadings.
Fortunately the utility‘éf TNAloading estimates_is,greatgr but depends on
the sffective availability of DON as op‘p-b‘se'dnto _the 50% potential
availability assumed here. Many of theJNvinputs from tributaries
draining undeveloped éréas arevriéh in DON so that-if effective
availabilities of DON are lower than 50% the overall qvqilébilip& would

be reduced to a gr=ater extent than would be;the'paée ig'tributaries with

high concentrations of nitrate. or ammonium.

Second, the ﬁresent managemeﬁt stfategy‘dfwiiﬁiiing §uspended sediment
Ainputs,'aé a #ay of feduéing P 1ogding, Must beiselective,in its
appiiéation.because the éffectiveﬁesé of this policy erends on the BAP
coﬁtent of thé suspended»sediments.. Fof eXémblé; controlliné suspended
sedimenfs in Trout Cfeek.(o% BAP content) wbuld be unsuccessful in
controlling eutrophication compared to ergsioq qoﬁtrol in the DeepACreek

drainage basin (90% BAP content).



- 48 -
Re ferences

Cowen, W.F., K. Sirisinka and G.F. Lee. 1978. Nitrogen and phosphorus
in Lake Onfario tributary waters. Water, Air, and Soil Pollution
10:343-350. |

Depinto, J.V., T.C. Young and S.W. Martin. 1981. Algal available
pﬁosphdrus in suSpéndéd sediments from lower Great Lakes tributaries.
J. 7:311-325. Great Lakes Research.

Dillon, P;J. and Kiréhner; W.B. 1975. The effects df geology and land
use on the export of phosphorus from Qatersheds.' Water Research
9:135-148.

Dolan, D.M., A.K. Yui and R.D. Geist. 1981. Evaluation of river load
estimation methods for total phosphorus. J. Great Lakes Research
7: 207 - 214.

Dorich, R.A.; D.W. Nelson and.L.E; Sommers. 1980. Algal availability of
sediheht phosphorus in drainage water of the Black Creek wateréhed.
J. Environmental Quality 9:557-563.

Franko, D.A. and R.T. Heath. 1979. Functionally distinct classes of
complex phosphorus compounds in lakewater. .§5:463-H73. Limnology
and Oceanography. |

Green, D.B., T.J. Logan ahd N.E. Smeck. 1978. Phosphate adsorption-dis~
orption characteristics of suspended sediments in the Maumee River
Basin of Ohio. J. Environmental Quality 7:208-212

Harwood, J.E., R.A. VanSteederen and A.L. Kuhn. 1969. A rapid method for
orthophosphate analysis at high concentrations in water. Water

Research 3:417-U423.

Ul N aE EE s



- 49 -

Lean, D.R.S. 1973. Movements of bhosphorhs between its biolbgically
important forms in lake water. J. Fish. Res. Board Can.
30:1525-1536.

Logan, T.J., T.0. Oloya and S.M. Yaksich. 1979. Phosphate
eharaétefistics and bioavailability of suspended sediments from
Sireams draining into Lake Erie. J. Great'Lakes Reéearch 5:112-123.

McCarthy, J.J. 1972. The uptaké of urea by natural populations of
marine phytoplankton. - Limnology and Oceanography 17: 738 - 748,

Murphy, T.P. 1980. Aﬁmonié and nitbate uptake in the lower Great
Lakes.. Can. J. Fish, Ajuat. Sei. 37: 1365 - 1372.

Oglesby, R.T. 1977. Phytbplaﬁkton'sumﬁer standiné crop and annual pro-
dﬁctivity as functions of phosphorus loading ané_i various physical
factors. J. Fish;'Res. Board Can. 5352255-2279.'

Ongley, E.D., M.C. Bynoe, and J.B. Percival. 'l981.:_Sgspended solids and
water 1uality: Physical'ana geochemical_charactéristics of
suspended'solids, Wilton Creek, Ontério. Can. J;iof Earth Sciences
18: 1365 - 1379. |

Ongley, E.D., D.P. Blachford. .1982. Applicatién of‘.,conbt'in'uous flow
centrifhgation to_contaminﬁnt analysis of suspendéd sediments in
fluvial systems. Environmental Technology Letters 3: 219-228f>

Paerl,}H.w. and M.T. Downes. 1978, Biological avaiiability of low versus
high molecular_Weight reactive phbsphorus. Je Fish; Res. Board Can.
35(12):1639-1643. |

Peters, R.H.‘ 1981. Phosphorus availability in Lake Membbremagog and its

tributaries. Limnology and Oceanography g§:1150-1161.



- 50 -

Randtke,‘S.Ji’and P.L.‘Mcéarty. 1977. Variations in hitrogen and
organics in wastewaters. J. Environ. Eng. Div. 103:539-550.

Reckhow, K;H}, M.N. Beaulac and J.T. Simpson. 1980. 'Modelling phosphorus

-loading and lake résponse"under unceftainty: a'manual and
éompilatioh of export boefficiehis.' EPA Reporﬁ 440/5-80-011.
Washington D.C.  20460.

Stockner.’J.G. and Northcoté; T.G. 197&: Reéeht limnological studies of
Okanagan Basin lakes’and_théir,contribufion to comprehensive water
resourée planning. J. Fish. Res. Board Can._;;:955-976.

St. John, é.E., E.C. Carmack, R.J. Daley, C.B.J. Gray and C.H. Pharo.
1976.  The limology offKamioops Lake, B.C.'iEnQironment Canada,
Inland Waters Direcforate. Regional Report, Vancouver, B.C.

Technicai‘Supplement IV.'.197N. Water juality and waste loadings in the
Okanagan Basin, Canada-British Columbia Okénagan Basin Agréement
Report, Victoria, B.C.

Technical Sﬁpplement V. 1974, Limnology of the ma jor lakes in the
Okanagan Basin. Canada-British Columbia Okanagan Basin Agreement
Report,‘Victoria, B;C;

Verboff,:F.H.,‘and M.R. HéfTher. 1979. ﬁate of avaiiability of total
bhosphorus in river waters. Environmental;Scienpe and Technology
13:844,

Williams, J.D.H., J.M. Jajuet and R.L. Thomas. 11976;- Forms of phosphorus

in the surficial sediments of Lake Erie. J. Fish. Res. Board Can.

33:413-429.




- 51 =

Williams, J.D.H., H. Shear and R.L. Thomas. 1980. Availability to

Scenedesmus juadricauda of dif‘f‘erent forms of phosphorus in
sedimentary materials from the Gréat Lakes., Limhology and

Oceanography 25:1-11.



APPENDIX I

Water Sample

Chemical Analysis Data



‘HEM

GEHERAL FHY

T

HHE T

sSi02

u):

b1

Turb

Tuirb

Tem

~TIHE

Ll
’.....
I

o

[xu]
[x]

oo
[n g3

.8

21

g4

WX
[x}

MY
Dex]

B

—
0
-
Dax )

[T

o
L

MY
]

o
[

-

-
[acn(]

g
Derl
i
(]

-
[}

)
Dund

T

us

-
=
=
D

D]

[

=
=

o
[xY)

-
=

[s)

L=

11.

LD

o

—

LU

[xx]

= -
[

[un]

o
]

4

U™
Dex]
1T

v 8
v}

-
]

[xx)

ud
w

15,1

u

[}
]
s}

[n]

-
=

)



L
- u uo . - o I ‘D —
L ] — [ b -+ .
5 o . . . . » " "
'
—t I [ Ll [ -y [x3]
o ol B r- r- b ! —
[N ) -~ -
L
= Lo [x) ) b [ T
(WS T [x) [ngl ) [ e Dy} o0
=20 . - . . . . .
I —
(v
[V
— Dn) U [ [ [ D) —
T [ [ - -+ o o
B, . ' . . . . . .
=
I

('8 TR ] LY B Y | M ) vt et o O TR R DOURLY I x Y |
f— O =+ =t -+ 0 N0 oo L0 L0 O S T AL — ) g T
H o0 DU ] DO A ] v e v i et vt v L B B Y e
T
i
i
o . .
= - us u gl -+ ©ow -+ il
o I [xn] [} (¥x] u o
O - . . - . . .
(XK =]
u
at
£af .
OO B [ TpU A T B s | DO ) -+ =+ - S I A I o D VR O Y |
[ LY Y e B ] o o sl i S e i LOCR ] Lo (ARG S il o ho g T T |
[ g v | O T 07 DO I Iy ] DR I ] vt o el el ) e e

[ ‘ .
0 ) e 0 DU DO T B T | T T I P}
X (¥u) 0T G0 I LSS IR w I IR N v}

F T

TF

L] DU L S T

M S A U IE S BE e T B BE B &am
FHOS

. o Do) [xa] ) U un [ux]
L D] | " by bl T
ol T D} o Den} — ]
Lo D) -t () i ~— —
— » L . .. - »

[xx] DA [in) [ L5x) ™
L Den) -t ) [\ ) (3}
- T . [aix) L U u (¥ ul
i I ~— [ix . Dy R )
[ [xn] [y} — . — i —

[xw] ) Dy (] oo fax [}




IEH REHATI
il

DIM-DN

HITE!

1l

~TOHIH DIM-TH

Dox]

5

-
v

113

“TH HH-TITH

CRE

LEEF

FH

FLC-

14 Tk

oo

1M TH

A

FH.

TOH-TH

DATE-TIME

[T ) I
O e 0D

o

bo g
-4

W ot 0T
IR IOu e e ]

_.
V
=

Fe -

D I 1

DO SR o)
OO I I ]

.4
.41
. 48
.41

[}

LU S S S
O O ]

Co 00
Fe e P e

—
[hx)

D833
(43

—

b

1T
D]

[}
o0

T 12 T

¥y
[nx]

-
T

()
]

u
DOnj

Yo
=
o0

oD
(3 D

i

1)

- .

.14

T

D]

.71

)

LRy}

ud
T

u
[ 43

u
(4

[TuC Ty ]

W
]

-
o

-
=

[ )

-
Dx]

8
-

u?
(x4

us

o

)

ity
=

€
o

Dex)

-
[

-+

DoY)
O et

[}

‘: le

D]

-~
120

[x]
-~

et

LNx)

(3
bl

-
[x]

-
=

re

[x]
(043

™) )
oD

-
[ux}

[y}

L)

=D
u

oy

D

-

1%
=

W u u

Fe = e [
Fe e e e

[ux]
b

AR

)

.11

Dce IR IR S S S
R B R Y

Do SN
DO S Y




Fiz

i

T

DIH

HITREOGEHN

HH%

W

HH

e

i

(N

FH H

TLH

TH

DATE-TIHE

Dn} [} 1¥u) 'j:! —t ) o B N Ul = D [T S 1 x ]
— - ho gl o W0 ) — D b LY el L0 =0 A
[ [ U u b ho ] o Dugl ’ gl LY (LS o) L0

. — ot o X Ny [¥e) | "y bl 0 + % .

[T o T [ SO O I e » =+ 00 U0 uw T [T S R ]
[ IR I LRV O] [T R ] W 2 - o [ Bax] [ R i n]
<+ < < T L IR T I WO e WO

o e e
]

)

[FaCu O T T} L u Lo

UL 0 |:I'.'. o I_l-,l. - O S T — 00 < < LY WY I o o ] o 0 U
" badbanlhaiba [T R O e o 0 09 DR B I -
D ST I a) B DO O I L I X 1 T T T . . - o ]

Fo 080 O P e DU 3 U LY
DT . <+ 0 e ot

i
DoUN AN

I .

Doy | DO U DU o N o N v ) = OO e LD [n S R x B O |:i"- Y 0D e o ':r‘ o
O] wwwu Lo T i — - LY LY VR S ]
[N | [ OS) IORY B wi . . — o o v
[ I S n) = 0 7+ T I 2 [N v.'".v‘li‘-'.- LD T O — 0 L OO O T )
D3 B I Y | LA BT R A L . : . [ A O
L W LYW S Ny Xy | — T T Do B> SR ol 2 ) L e U ) QO w0 QD LYW I T R ]
o0 o mom D E ot 0o - Tl o
o =t RO |:".] ) DY BT IS T IR ) — e el e
f I A bl T W T O R o
T e LY W A S L) -~ o Dl ~+ - U «a
. DYTEEN o T (e} u [Ty [x A0 4 (x4
: —

[ s DGR ] w03 U e [x] ‘l:r o 5 ur lj—,l.: u oo I ur u

D) LN o Dol T DO T DOCERST I U9 » ) b of -+ Tt

[ [w P [m T o 0 e LY O SR Y (N o] u ur U

— e WL R it IR

& [ u o . [ [t T
. P .

- v o [ [l (21 —t
Do o o L¥x) [x) = o
(&) -t — — -~ -~
] D) o o o w )
i ~ o ) e o o+
,

(a8} = [ng] D} (x4 R (K]
Dxx(] © . [ vl Lo ~— i

. . - . . - . .
[xx] il Dex} o7 ¥ Dea) ’ f
b — ™) Dax} . ] ) (]
D T [ i Ty . i (¥x ] . (K™
D - o [a} . = [r} : [x]
[t o — i Cd Lo -~
[ax} [xx] (X} [xx] [xx] . [xx] o



0]

I
o

EHERAL

=
Turb

W

HERT

E=Is C
T

DRTE~TIME

Si02

[=,

:E

W

Turb

Mt}

=

— ]

T ) )

—

[
[l

.
D)

-
]

MR
[axd

o

[}

-
)

()

)
A

[ag]

w2
Tl

Dy

Dix]

o

X
Dx ]

D)

MR
hx)

-
un]

u

]

U3

(]
-,
[

[l
-
Dxl
u
-
[

fun ]

™y

1%
w0

[hx ]
[l
"
Dy

M
P

-
DA

I

u
[
[

X
L]

[
)
u?

o

-

"

[l

L)

ud
=
=

(]
()]
[¥u)
o

o

D]

-
L]

1=

[xx]

D)
o0

14.7

15

[xn]



PP FPATF

:PHORUS
SRP.-DP

=

FHO

SRPATF

SZE U

24
SRF

TUHO119

17718
IF-TF

S0

L

Lr

IATE-TIME

& ] us o -+ <t —

-t - — Pn] - L] D
. . . . . . .
e < o3 - 5] | IXn
o) [ — -

w3 = L Pl Lo U T
»lj"- [ ] [\ Tp] f ™) T
- ) - — )

- ho o - [y [5v] . = . (] Dax]
K e J o D] el

g
1.4@

T T 00 O T vt -

o+ vt T TR R L R e e e T~ - 0= B A R s &
RS | B YISV oY B Y B oY o Y Y B Y R Y B S e VY B T SV I 8 B ' R o B TR
oo - Ty [ Lo Lo o

DOs L L) — i o o

B R g ol ] el U o K] LCRDUCRRN Ol P DAY B L ] Tz I O
Dad IS Bt B 0 AT RS B o Ll ol o B ] Dt B D0 B BRI | D0 DO A0 B RY )

[2 SRR VO S N P oo P P b T ] [P R R R M i o PR LA B

[nY ST B Y [ SRS IO B | L) I BT I o] T T O T 000 0 o v+ v -
' - — -~

iz D T 'y U ud b2

[} Do . [an} L o [xn) o —
a3} [kx) [ D) . [yl Dx ] Do
-~ — D [ax] &t —f -t

. - . - . -
[37) D) [xx] ) LX) -
)] D] (] = )] ]
ud T - u? gl -
o Dux} . . [ = [uv] =
[ax] [x} -~ -~ . i —
fux} LT DOx} [xx] o [xx]




HITREOGEH

L

HH4

o

)
Gt

s1%

b

Ei

" TDH

B

DoH

OIH

M+t

ol
-

H

FH

—

[

-

IATE-TIME

(¥u]

U

u
()]

[

14

4l
r-

[}
ot

o o

ud
-

bl

us

e}

-
[xd

[
0
—

-
Dar

—

]

T
o

-
[}

[nl} )

I o
(] ™)

U

e [ O

PRI (R SN
15%] L ,
D I

% A

LI (¥x}
et —t
[}

bl

Dox
-
D)

—
Dax)

o
o
o
D]
-
[k
pund
b
[

s

ua

oo
—
[y )

D]

P

u
o

-

R

b

(]
L

0%
Do
DUCRA]
Da ]
Do ]
Dn B ]
L]
g
13

U
L

b

)
u

u

Do
-
=

D]
U o
D]

U7
(A4

fxn]
o
D

D)

)
D1}

0

-+
m

u?
(¥u]

B

x|

5]

1T
)
T

DU ]

[

R

uy -+
M ]

-
[Nl

I KRR

o of
)

-

150
—

Dai

U ue
0 T

) g

4

r-
1T
(1]

i

u?
[xx]
[xn)

[y
-~
Den(}
iy
ax]

[}

-
Do

150}

)
)

€]

un
[l

Wl

[x(}
L0
r-

D
-
=

[}
[N

IR )

DY wY )

e
Lo

0

oo o=
[ ]
Dad Bl |

N

D]

w0

[in ]

[

)
[

-

(a2
L

)
(%)

[xx]
[n e

[
T
™y

w7

[xx)
[

[ 3
™)

[t
]
(¥u]

»
—
- 4
DOy IR
—

i
W

us

ua
Dl

Ly ]
Dol
—
DO |

DA
[0 A )
-

X

™y

X
Dex]

et}

1T
T

e o

LY ) by}
[ W] T
« . .

DN I v
% 0]

LW = SN ]
[ B w A

[ B s o

iy
o0 o]

[x O (243
[FpC T w7

[T e

o+ o+

g



=
)

FATIO:

OGEH

HITE

LK

-+

=
=
“
-
preas
[}
(=]
=
=
=
P
=]
-
e
=
=
-
—
(=]
=
[
ey
—
(=]
=
—
=]
-
s
e e

cyge

FH-TH HH~<DIH

fe

1

1% |
e

RE

TOH-TH

SIS

EGILE?

OATE<TIME

“FN

.

Er

P
f= vt
[
»

o
0 T

u

-
]

s

[x ]

u

Cd O G

o

-
=

¥
1T

-+

',f,l
=

ud

u

[}
[}

[
I

oo

[

%5}
bacr}

-
[\

L0
T

-
i)
T
)
-
[

[xx]}
—
[t}
T
-
i}
e
=
o

0 fo 0

.14

[xx]
[

D e |
Doy BN o U]

T
bl

D]
43

D)

-
]

I
[x )

14
14

T o)
= Q0 00

P S
T et v

DO

=y g iy
LhOUN U % )

14

X
[

[xx]

LX)
ua

[
(3]

.14

—
()

LIRAR]

233

-

[n}
)

u
[ux]
g
=
Do
A
D
—
D

-

ol

e

)

5]

(")
T

F-r

fe
b

-
)

(%]

1T

-
5

L
il

T4

[T
)

.

[}

()
1T

J
.55

o -
-

45

L

il

PO T o
DoV I I ]
. = o«
LRI
Ty 1T
« = .

[wx)

uo

[—= 23
[P T
DO
o
. .
et
[N
[ A3 1)
DLag e Ay
» e

-
[

—
31

(2]
T

b
[
IS
i
I

[xx]




EHERAL

FH:

0
WL
’ -
i
-
=

HEERET

)
Turb

Te

-
]

o

-
hex}

™
[}

-
[x

D)

-
DA

¥y}
0

[¥n}

-

-
o=

]

D

-

=
-

g

1T
[

3R
bx
[}

o)

o
15

o
[Nu]

[ux}

R
[n)
-
Dex]

Dxl

.

)
D

X3}

-
[y

)

=

-
[x}

x]

-
[x]

o

-
=

-
Do)

11.5

L

[xx]

(]

D)
u

T

316,18

fux]
-

-
=

]



Fi

CtH

T

"HITEOGEN
OIH

HH4

b

H+H

=

HO

M

FH

CHE

TLH

4

At

TRER

COL T
b

I NY]

CDATE-TINME

[a i) [ng] LoCa A ) b [ Ty 13 DU ax ] |_-.":| DI o) = LYWl fom
] D U o [y ['p 'yl b 0 2} R iy [ ] [y
-t
—

+ T DD e @ W0 - i W o PO - )
' [ B T i T o0y (8]} —

D) I Sy ] ! N S > N

e B Y B x ) e 00 0 0 DOCRE Y
DCR O I s £ o U oud. [ SR B I ] 00 RS A ¢ R L I X
DR I~ i R Y | DO A | et ) o e

— 00 N e

-+ U < =t

o LY O oY I ) B — T U = = U3 D

oy

S D b A b T = N )
— e et e -~ -
[ TpCR T O I x ) DO T I IR | — e v ey LYo I Y A ) i D DR s gl N 0 0

[T R o) ho SRV B g AX]

T D e ' Do o ) 'l"'_-,.l [xx] Do o B D S o B oy B O DU A I I o | o =y r-
DO O o) DU T i [N DR BURT ST IR SRR S R A B Wi ) [T Vi T B T M @ Pe
- 5 s T e e O oo, T e D IO Bt e | 3 v < v Q0 e QO

T I -t - U [T T ¥ U T ]

14
14
14
5
]

U LT SR T Y o) LU ST B ] i =+

- - i
DO e DU LSRR Ll I T I T R ] LSS W ] [ T Tl | w0 M= e 00 e Lo O e B
T T U Dy Dyl LR O [ IO R uD - D 0t s () bl i i LA o]
DU A AoV A Dr RN YR » DR Y L w0 WD D (=200 n 9N % 41 D I I Y | D U I A oy ) -+ < Lo o o0 - - D
~— — v — - —t e e 4 L L BRI ]
g YY) el o (O Ty oot — -~ i Ty ] g -+ U} L
D] bl ol IO o W m ot o U b T u DOCR ) L] toown o
) . o o f o ) -t -—
D o I o I | T %) T DoV IR ] u‘j [T s B ] o 0 e L T SN o B ) T
[T e o I ) TR Ta Y B I I A DO WO (9 e X OGN T DO T I T of
[ T B ) [TRONE Sl o o P T w7 B ou un L Al LD DUC S S U 41
red ged et g ] ) 1] et o) :
[ -t fx) — . (¥4 ] [}
Dax) - 1o . (a5 ' 0 ko of =
U L) . - . - (R [ (]
) T . I} -
D ) [ B X} U7 o (1] D]
Dax} x| 1 e . [Tad ) un D
Den} u D) D) . o -t s : —
o — -t - —t Tt . it —
. “ w . a " a -
- [l [ o ] L [ oo
) [n(] — £ [ox(} (] (] (Y]
(Tl Dl . [x) - U o . L [
e} : [n) —t : ) o [icx] o )
[xx] : o fan] -t - -t . — -
(x} [ oo [xx] K] o s [n]



[V
— [T - . L] e s - (& o~
u . - ©od L0 L) - Lo -t
'R . . . B N . . . .
0.
(X'} | S . [} i [ux) [an} bax} -t

vy - ’ — + ] . ) -+ e
o —

D]

o}

[

I o
[WE =]
o
kY

b s w0 - D = 2 ud

w o0 [xx) 1T D) . — ) . [ 43 (a5}
[ . K . . . . . .
" ol -t -
[V )
: . @ v ) w o T
W I -+ ' - - ) uw
(x4}
et Dnd BT BT B | [T I RS I T ] LN YRR I v DU S T ) DOCEE N SR B 4 o+ 7 W oin s oo Ly RGN |
— U ouD u un L A R AN DAY BT B B0 v 0 0T Renlih o JRLR0 B ) Co] T LTI BnY B DO G e )
oy - . i
X8 . o
b= u o [} o, o Dol () a8}
W -t Loy | [ oo -~ ™ Dl u
DU . . : . " . . - .
—
[\n]
b
) (X — T3] LRI Mo M (S R & o+ 7T <t [T N i Tl T T T T LY S WY o od WD O
R U R R X R Xy IO B ] T T | [ S BT I I [ IO ST A | 3 x| (2 B T B | VO 0G0
v . .
D}
T ,
Ll [ Mo ac I T (O Do B | 0L 00 T DOy B A A ] DO N IO ] DU E B LN i 5 DOCREOCER N N O
[ DRy B ] + =+ <+ B L | S RO V] LY ] e e e LD u bouu
Ll el o e e —
D]
fius] .
d
[}
[
[} [en] e} (] hoo) [\ [ax]
Ly acn] i) i) Ty [} u? : o
= g iy D ] — o —
b ] - . - — - — -~
- . y . . i . L . " . .
[ S . [agd [oC Dt} (¥ 0 [ux]
L | - — ] ] (] IS ]
= u [n g} Dt e u? ud iy =
T I oy — [acn i) i) D) D]
Ty [ix) [hx] D] - — — — -—
X} o Lol P [z} [xx} - D on



o
E -t -+ LOXIRURY RN | [ — "R ) b [ 0 D] uwy ul uwr T U7 -+
— -~ — = oy - ~+ %] -t - — —t — ot — — 4 i
[a] . .
[V
El (] B B U O ] LY WO O ] DO I Y ) —t 1T |"_-:|  — 0 T 0 [an ] BT - ol s Y
R (3] Vi et e e — 1 [ I I o) ur o L U b d -+ -t K [y DovE S I v )
[ R s s s a e« & s a « s » « a2 = w TR s s s = « s e = = s =
D )
—
[
r = - .
[ o . [ Dy I -t =+ I g
T —t . — B (A o ’ i P
M=

(e
4 T

e =
- = DO Y BN ] (] froe P T 0D i I I S ] D R I T I vt e 0n T
[ DO I (] o0 DU s S U ) <+ W+ uw B Vo 0 T T ) e L0 e e
= = L e . s e w « e« a u “« = e u . s = ="' & = = =
-
AT e |
=
= — ua R [yl -+ -
] o T ) N ‘0
= . - . . . - -
[T =
~—
Ty T IS L T R R Ty I o o oo c . TS DD T e e e DT e o U U D
R =] DU Mo I U o ) DU o IR 0T I ) Do o I o) Do I N A ) R R D} D] [xn] Do I I ot ) DoV I A B ot B aor )
— « & e « = o« a v e « e = e " e e e s a4 e s « w = 2 « & e u
= DA ) . =
= x :
— LV E LS W Y [ CRLS WRRS W Y ] [ e P = ORI ur W w
3 (2 30w SRS s Y [n S w ' A S [ s s s D I o] |"-‘_J' ) [ N » S )
"'-_ L] - L] - L3 . L] L] - - L] . . L] . L] L] .. L] - [ IR ) - . . [ ] L[] L] - - - -
o . [ N — -

“TH
1

(] - (] . [¥x}
et T [acd} D [y [n] : ) — [l
= u - " . " . .
L.
D)
houln Pa st [x} [ . B xx] . (43 [nx] ko
D nl DU ) [ g gy [¥x] e [xx] ()
[TV ) - " . " . - o
=
[yl
=] .
c [y [ D) [nx] ue (un ) =
[ Y] D) ' [} [an) o D) U = Dy
o [l u [ . I I : i —
b D) — -t i d — =l
b . N . - . . .
- T Dx} [xa] (¥x] X
(11} o) ~ (] [\n ] ()}
- u oy — s u
I Dr} -~ Dx) (A} [xx]
= [un) ] -~ . - -t
(] DOx] Pxnl [nx] |:|:‘| N
‘\
H



FHY

EMHERAL

Ly

=
—

.

HEF T

0
5
—

(]
-
-
(o]
—_
Wl
L

~TIME

-

-
=

115,

-

D)
s
)

1T

Dwn(}

T

Pl
[r}

A
—
[

[

i

11.

B
ix

)

-
[ax)

-

Do
e

Do

ul

Dug

-
i

WX
Dx)
[xx)

X
L)

i)

-

D)
-—

()

o

by ]
D)

oo

[}

us

[

'yl

)
[}

D)

-,
[ax]

Do

I

™)

[xx]

-
=
r )

[Rx]

[ng

i
[xx]
[
(Y|
u
[xx )

—
[xx]

i
D]

r-

[

-
A

-
lin}

fng]

-
]

1
[¥u)
[

=
=

) .
0
—




-
v

oo P u I S [ L

- R Do p— ] Dx} 5] (&Y} [ |
o . . . . . « . .
(VW
[XxE
oo [ i + o -+ I L [-
7 Q. I} ]
i
X
[N
o
RO 1 R .
I = — [T ) YL B T — fux}
ot (N1} LA [ [ . e o D ¥} R
(L. . - . . . . . .
B
=
IO
T — [} D) - ) T e 10 L}
u =+ ] s o -+ ™) -+ s
v ou . . . . . » . .
Dyl B g
iy}
i
—
-t
[ T — v v e Do oV I oy B o D O R T o x I s O I ud LoD o0 Ea’s IS B Y IR | 3 I OO T D
- LRTUNT B BN | L B e B ] L R IR ] D) B I Y | L ik o B ] L B B — v ol
RS X . . . . .
(]

ud - [ L0 L) -+

[&]
OFTF -

> s} ho
= [wx] . ¥ L LY U i - e
Dan}
U7
I T ST T TR TR - e P e 3 @ e D Pe WO OAD T D
i | IR NG I o e e — e o+ < <t DY I IS Y o DI RS AT I
nt . " ’
o
(L DR I ] [ R i AT IR L BT [ R =+ "t <t = b e P 7 LI T N I
b + T Tt D IO I e | Dt AT B O Ee R e TR T R ¥ o €W Y I ] [FII T T R ] iy LT IS B
LEo
D
E Do fun} ) . ficx] . un . D] = Doy
= W _ o 3] fer) ) -+ i — -+ [
o ) | . Ty LD . [hox [ [ [y
L e [ix] — R . - -~ - = - e
= o - " . - . N - .
fx) B o N x vt : Aol . [ . T
I = i) — ) fx) . ) [}
- B B = — [T ud w0
T ) i) - P} [y . [ )
B o} [xx] B ’ [ ) —t i -~ —
YY) o OO oo Lo . DO ] -
i
{



Pz

HH

I

HITROGEH

S
DIH

HH4

O R I o B mop o e T

Do)

44

D [

i i

R o R R

=
fu]
=
=

741
4
.74l
4
5

- e ) TR ) LD - 0 L B R i o D SO T g

— e oF [ b N I T o — U7 <t =T f — 0 0@

[P i i [ B A BOGY BR (3 BRI [ R 0 0 M LA L R A ]
DU TN LY u] [ [To TR Ty IR i O [n D SNSRI ~ B ORI ) RS Y s R ¥y} [ WO = S fxx] g
i B B o i vt v DO O SR W k] >t vt ) vt LA ) [ BN SRS | [xx]

T S T ~ = = [ et v v D00 I T n A O DO R A n ] v'r - L0 0 ) i - T DO T R B O |

— o o i o T o e

Ww ok U LECUR T R, o <+ < 00 T T W o o - 00 RO TR vy — -'-‘ ]
b ST I ] Ll B B DO S w I x ] i vt v 4 — o — ot vt LX)

H+H

-
=

M

R4

(LY

FH

=

| It s | — — P B ol B ] [ e — -.;n' [N DG Y e | DO I G | o) o -—t
/ .
B L I Y I | = th [xx] T e v X OO % T [ SN S DOCEE Ay S ) Y 00 T O] [a1]
ho sl TR T T e [ R R — - W MM
Lo L [ [V T T W w7 b U] i o0 -+ Lo fax]
5 o LRI LT RS AT e U X ho el Tl 7 Lo R Tl oy 0% i
LSRN I s of |‘:,| DaoUN oy I S DU T T Doy B I o I x ) iy [en} li'! DO o U o) WD D
I T e Do OOURE TR o Lo LD WD D [xoUN SN ] (X DU IR T~ s D I I Y IR S ]

=N b oL

R

o

F

iy E

Tk

TH

<TIME

il
-
I

i

o R S RV T VN T st ST Y B | DOCER R L B 1 LA O R ] -+ [ fay
a2 -y u o (o) [ax] o

DUl (143 m i o u (043

Lo [y by -+ i o L]

[acx) [x) [ucx) [acx ) U [y [xx] [ix)
[x) U [} [ax] o 4 ho o L]
[sx]} ) u [aox] [xn ] ) (=) (23}
(xx] -l bl - ~— - [xx ] [un]
() (s T -~ ~t [ -+ o
) () it ()] [icx] (] ™ (%]
u [y [x) — N ] U L0 [ £
DX} [ex] - [x] = 1% [xx) D)
[ [on [ax] ot —t vt — —t
DO [ax} [xXx] [ix] b [xv] [x] [xx]



]

EHERAL FHY

H

A5
Turb

- -
o
-
—
-
=

T 0

- L

— 3
-

=

[ax)

—t

“

0

[oUi ]

g

u

"
4
=

= L0

T
o
7|1|

—

i1

L

-
pra

L
—
-
w
P
T
=

WER M

[x 3

hy
u

14c.8

.
=

(Nul

0

LXal

[n]

1.

['¥]

et ]

)

[xx)

-
=

-
=

D)

[xx)
L¥x]

O

fix]

-
=

[

.
-~
-

Do

T

o~
[xx)

T




FATII
T

HITEOGEH

ki

<TH DIM-TH T

-
[cx]

u
I';_-:I

—
ot

)
[

Hobl. 05

abowe_
STH  FHe

CREE

Mo

i
4

WERE

£

FCoFH

~TH

HH

IHsTH

TIN.

FH<DIH

HH-OIH

TH

ThH

“TIME

DAT

LY L I S ¥x |
Do e % L x £

=+ < oy
D I O e |

P~; [ — 0

Wown e D

)
=
—-
Dex]
T
=

ey
[\

[
i)
U7
D
g
Dxl

u3

D
-

L

D B

[ I x ]
vt 1)
-+

T W

LSRN

by w

b
-

—

-

s

(a3

[xn )

.87

11

b i T o
[ x S S n 1Y

¥}
[xx]

Wl I D
Do T o I o I )

U7
D)

([

= T
Do I ]

[x 1)
Dy

-
2

-
o

(i}

-
[x

X
hex]

=
)

D]
a0

-+

)

[ RN e
D) I e |

s e
T
e

«
-
T T

s .

A

D)
[x 1)

[al}
%Y}

™)
I

L8]
piu]

[xx]
(a1}

(¥v)
()]

b

T
[acx

by
(s

AR
D)

(a4

=
[
fxx ]

e

—
[}

ud

Tp}
[x 1

U
[ny}

-+
T

[Tp0 Ty IS v
Do DO ]

T,
o)

(¥
g

ol
r-

e
(a5

o

b

[xx)

-
=

[ |

fie
e

P

ud
[x)

-
D]

'y

el
i}

1¢
14

R

1T T I

-+ L0
DI o ]

D A
R
1] v
T [

ud

ud
[xx)

Dy
Ll

—
[ox]

us
1T

(A
10

Ty
()

.84

11

o
i

16

L]
[a )

™)
T

o = 00
Lo B ot I v ]

LD
pur]

10
i

11

[xx]
0

[¥u}
=

1]
=

]

[
w2

o

14

-~
M 90

« »
[ N«
Do e

.
L ]
Ol

« »
T et
[n 20 n 1Y

. .

o
[}

=
—

0%
=

(]

[
o

T
Lan}

.11

-

oy
T4

[

il
(g




PR~

ORUS
FF

FH

=

FHO
EF~TF

SRP-TF

H.l. <

IF

1o

=)

RE b
TF

[

YERHOH

DATE-TIME.

u ol fre

.44

') O 1™

W [ r- - -
Dol

Ly} (X1 T [Tyl -t

AL o . u? w0 0

(K™ [ux] 4 o )

™ -1 vl ko um

P A0 W0V [w = = = D3 BT I A T T ud o ]
. — et e - -~ —

(¥} o [y

s A 1 Py
' L] - - L] -
[ KRR A DU IR ] DU O B AN ] <+ LY =+ T DO X R X
—t e et o D BT ORI R Y —t e e P R N ]

-

U O SR I LR O he DGR i ] e < WU
— vt o e [ PO T T D BT B B D) B I Y B

o o] Dexd us s
x| u i ] )
] () -t [xn] [yl
4 ~t — — DAl

. - " . -
oI -t fe bo o )
= (] o ™4 . fadi
[ ~— u L -
[an} o3 [} [ ()
[xn} >~ — - -
o ol oW oh [u}




- - nd el S N R )
[y o ORISR Y k] [T O . 4] - (S
-t -+ o gl U o o - (A3} l."-.! (a1} -+ T -+

Lo d — v o I En OO S O n A

= [ S L R
) 5 vt [x O ot I OO [¥q) LYW U SR N ~ L o~ 0
jroagy = T — O DUCEER 8 BT SO IS OO R
wi .
12 .
(] *
na
b o+ - 0 1T T u Lo — D e DA o T S
— (Y e s B Y | o0 LG ot — - — ) e e
sy |
“ v DI S IR T [T R n ] £ ) 1 e e () — o ]
S o) w4
Wz
—
[y .
D) R — 0 vt 0 I oM DRI LT P = U U D B B oY IRV
+ DY I B I Y | U wow — e i 0] v e
[x S :
~—
—
™y
= L IR B ] ot ) IO I S I o I Y [ T | - 0 D)0y

(3] LR AT B U B o

P 0T T 00 D et P — Tt
[ — v ey - ) -~

W w —

g}
RN

[kn]

™) R '

- T -+ T -t [ ) ey -t o
T o+ s ul [T T g ] D ea] L)
I

TR DWW D D DD @ oMo e

[ [T - o WD 0 e e L0 T 00 Pe P 0 P

o DO I B TP Y B Bt | S 0000 LY LS B B0 )

i :

i}

o ¥y ko o bo 8 -
o T = o
— i ot . o -+

=

'ERH

DATE-TINME
5}

K ] o . L e

-3 ) U - [nY] [0
o Dot -t . [x) [

- e ] -~ g

. " . " .

(a4} -t fre ko o [xx]

™ . il l ™
D] . [ax(] [ax ) Dex [in ]

[} [nx] [Ny 10 . o0



)
-

HITF

BHATIH DIH-TH DIH-DN I

[y

[ =R =1
TOH~TH

Rk

YERHOHN

DATE~TIHE

—
|_
I
o
=
W
Lo
]

Y

1M~ DH

i

iH<TN D

1

STH HH-TIHN

Fi.

i
Ll

o

M- 0 2 O
Do s BE S R A

T
]
D IR e}

— 0 T e

L S gl

.11

(213
[xx]

-
]

[}

[- [ 00
— o o v

YT S
fo fo Pe e

i)

ol

o

il
=

—

X
[an]

[}

u?

L¥x]
Lo

-+
o

[}

b

14

Lo (5]
(a3 [0
- .

K -+

[xxd [
. .
-+
D)
= m
o -
- -
[}
T
. .

(X}
[xn}

[xn ]

IR X
R kA

L]

KOO0 00
[na) s ]

= b
[ A

inoe -
O B

-
1t

I
(a1

[ i)
Din}

Dod
—
=

™y
Pl

I~
)

LY ol O

DS e O

o LT O
D IO oy

DO B ]

D I e I |

¥

-
L)

-
150

-
[ax}

it

1T

=
A

DO
-
()

™)
T

u
e
il

-
]

-
n

[xn]




o]
I
[

.
-

FHY!

EHERAL

WG

HWER T

CRE
T

HWIMFEILD

“TIHME

]
o

o

WEE

Turb

Tiurk

LATE-

.44

-
D]

s

-
[an]

WL
o)

-
=
-
[x

)
gl
()

15

i)
)

-
[

M-

-
D)

I}
15

-
Lx

ul

[y}
Do)

(%3]

o
0

o)
o

=

o0

u
fe-

ux]

|.".}

[}

L]
=

-~
=

Pl
[xx)

ua

Poed

Dl

[ax]
-

Ty

(v ]
1T

T
g

)
w
o)

ud
Nu]

(]
)

-
[ux]

|_".;

re
us
-+

[xx]

d
[nd]

=

[y ]

u

i

w7
=
(a0
[xn}
[nd
[

-
[cx]



J

FHOSFHORELUS

b

TP

=]
o
(=]
L
L
L]

FR-TF

FF

SRP-DF

SRE.

RF

IF- TP

.
-

"ORATE-TIME

Dur)
)

u

vaf

-~

R

7

151 e

LU A

)
1T

/]

17

D)

o
g

1T
D]

-
]

(]

[

- g
LA AU WU R R

DO N T A |

uo

DY Y )

[}

O R xR x )
T 00 0

b3

g
[n ]

)

A
[ux]
i}

b ]

-
LU

A

]

-
=

[x)

1T
[

L
[

-
[

[nx]

-~
fx)

[}
1)

Ty
(&3]

-
i

DU Y
Lo ! |

DS 4
9] 0}

03 0
| S

|§|‘

fr)

T
L)

)
mJ

T

()
Ly}

[Tl

T
i -
4 )

AN

T
o0

o0t
)

g
o

-
acx

T
)

()
[un}

(243
~

i

Dol
Lcx ]
(a2}

o
D

(31}
uo
fxn]

px)

o1 U
IR

-

vt wed )
Dad BT B Y]

xR O]

oo
Lo

Ll

i

D]

B

o0
)

D)

[x SR 1 0]

L8O DA e

DO S
Ta) 17

-
DU AN

=+ -t

(Y]
o«

.04

[ax]

DO
o

e
(x|

1=



HITROGEH

HH4

4
—

]
-
et
L
LL.
-t

FC

LM

DIN

H+H

=
VI

‘TDH

TH

DRTE~TIME

fun]

3
41
3

[a 43 |:I"-‘v|::| 2

Dk ]
[ I e
Do SN
[T e

fo= 20 0

[ A

Do N O ()
ur = <r
D B et

L0

.
D)
-~
[ex ]

-~
il
[x )
>l

-
Dex(]

e
o
(el

LD

Cd 0

D)
ud
(¥x)

Do e BT

[y
o

DaT I

-
(A

u
174

[l

¥

L

[x )

U
™)

-,
]

A
[¥y)

o
¥y

us

WA
un)

[ ]
s
17

g

l,"-]

-

Do)
[
(143

D)

I

=

Do) By

G

)

e
[%x]
T

)

(A}
U7
uo
g}

Dl
)

[
u

L3 Y

—

)

)
™)

[(x]
[
[

L)
+

I

Do)

-

0

0
D]
i
i)

[
[

(a4}
(3]

41

=
Du)
[n 4l

[

[ax}

B~

o

Dyl
D]
]

Dl

Lx}
)

]
ue

™)

[m T
u
4 v

(s
—
100

e

2055

258

)

[
[xx]

[y

Znig

=
-
=

2

U

"

Ly
™)

o

(3t}

Dux]
[
-+
D]

(x4}
u

W
(00

3]

[ ny]
(L]

—
[y RO
D v
L |
[ ]
(%) ]
DY ]
[ I A ]
[Xv )
—
™

e P
-t -y
[ ]

44

DoV
D ]
DR ]
DR ]

w2

e
r-

1T

[
-
[nx}

it

o
o

™)
i

=

)
]

b
=

ol

U

[ux)

™

Dy ]
D]

wI
hx]
)
[}

[¥s]
[xx]

]
¢l
[A]

(]
D]
]
i)

[a]

oo
ko o

T

o)

3]

(8 B

111

D)
[xg)

(A)}

[y

(]

pu
=

L]

-
=

u
U

DY

[
Lo
%)

w

[
[ 43

il

b
o+
el

1%
D

d

—

(e}

[axi

2461

=
=

44

-
-t

Dy

WX
o)

[¥3)

[
o]
U
ol




ARTIOE

J
"

OGEN

FH<TH HH-DIH AM-DIN DIM/TH DIH<DH DON<TH DOH<DH FC-FN

]
"

HITFE

[

[}

-
=]
o

WIMFEILED

DRTE~TIME

o0 O D WD
Doy I s DO

Dy s B S T ]

[n o S Y

Pl
Y]

oS
D A ]

PO

D ]
DU v ]
P
—
[xx)
D)

2.14

aigyl’

s,
b

DRy B

DOl ] l:-:.j
S
T O

. s o
ot -t
[ MO

= s e

Do 32 1
[n s 2

Lyl
=

(a4

[ 13
[n

T
[ngd

)
[xx)
D]

-
[

[ax]

4 Ty e

[ o

[xn )

g
1T

-
[\

1T
T

w0
)

)
Y]

)
=

[an}
(x4

Fom
(43

a1

[y
[uv}

[nx}
(x4}

)
=

[nn]

-t )
]
L 4
[ox e )

PO

-t
Ll

1)

-
[ax(]

DO K]

Do LR A

[y}
D)

L

fw =f =t
Do o]

DO Y]
X T

DO )

[ I o A

u

I
=t

u?

[n]

ud

i

M
()

~—

Dax}

fan}
i

D

DU ] (A}

DU, B T o
Do o B o Y ]

f— D W
T e T 1T

Dol ol
o O]
. s .

[ S Iy )

DU w B
5
« & = .
o

i |

)

i1
11
i1

b2 B BN L

- g e
DA I I ]

-
o

Dx IS IOy B |

I D

™y

(o]

()
(229




‘HEM

1

GEHERAL FHYE.

'F

HWET

-

(]

JB

D

3]

Turhb

Turhb

DATE-TIME

11.5

[

T

—
=

u3

-

]
T

v

[
Do)
15
(]

12,3

145.6

)
.

-,
Dex)

14.7

(22

[ax]

v

[a )
o

)
i)

=

MR
hur]

us
™)

[xn ]
[xa]

I

[}
[xn}

[}

[xx]

it.5

[xx]

Dx)

(143

o

.18

]

[Xs)

14,

b
[na1



LAY

FH

-
—=

FF FR-TF

SRF - DP

SRP-TF

DF-TF  SRF

IFP

TF

DATE~TIHE

LR LR AN

[ l.j__l o

—

ua

-
(A

Al
k]

(sl
[xx )
[ux]
[xx]

oD oo

RS R

U

]

oo

0
uw

[

[0n JEOCIE O

14
14
14
14

.
]

)

-

0

(243
LX)

i8

PO
L]

At}

i o
o T
T by ]
-+ D]

]
[y ™)
] F
by ] T
i =
™ |‘\-.. 0

l.: 1

[ee}

1)
[

B
)
e

=
m

W
=

A LCUN T ]

A'.[u LY I o

T T O

5
[Tg]

.78

"0
=

wy

Dl

13

[y
=

ol
[¥n)
o

0

M- P= I~

14
15
17

34

f~

wy

gl
=

=
L)

o
A|I|



I

HITROGEH

ok

|ﬁ|
gl

(x4

¢4

R

OH

o
(o]

ooy

FLC

DoH

H+H HH4 LIH

)
-

3 HOZ

W

FH

TOH

TH

DRTE-TIME

Do
T
DY

152

byl
o

[}

"
r-

(5]

u
-

)

149

by ]
b}

-
LA

[xx]
Tl

D)
o

)

L)
™)

117

D

)

Tp)
(25
L X

. 285

48

=
)
Dy ]

o

-
8]

1a

ul
g
o

-
[x

s

(¥}

)

A
)]

[nad

(o)

byl

(s}

)

(W]
™y

[x)

]
r-

192

Tl

[
(=4

1.604

2]
s

111

Do
0
™5

(3

et}

[

gl

oo

111

o

1.a08

214,

16

™)

14

-

[

(33}

14

-
=

u
i

L]

b
0
ol

54

[
[an}

i)

LX)
[xx]

%]

iy

()]

5

ol

ol
™

b
]

0
m
[y}

172

Wl

(a1}

155

21

L}

18
13

Lo
[

(a1
0

™)
o)

T

[y}

o

[xx)

.251
272

216

T

™y
)]
Td

)
Y]

+
)

18

189

-
o

o

(3}

17

e

o
™)

Ix1]

T

P
()
™)

(&)}
u

[0}
™)

2

[al}

]
b3
™)

o
)
i




s

RATI

HITROGEH

MH-TIH DIH<TH DIH-DH DI

Y

PHHoTIH

FHoTH

SPH

R

IH-TH DOH-<TIH

A

STH

TOH

DATE-TIME

14

U
)

ud

N
han

[}
()3

<+
L

[I)
(]

-

-
[

T

14

ud
)

1=
[¥v)

)
[nx]

i

D)

r-

iy
[a]

'

jung
[hen]

Dex]
-t
D)
Den]
[

[xn]

o 0 00

— 5 e

v RN )
" o =
/

D oI n 4
IR g
s s

8y
s

u

m

@ o
(S S .

(]

e

.11

[xx)
[}

(153
T

ud
(3]

u
-

o
(x4}

X [ vt
LAk ]

oo W

L B B
o
[xY}

RIEY I d

e fe P
(i)
[
[ ]
P B ]

DO B
LU

]

iy
=

o
Do

[a gl
DA}

D
i

-
by

14

s
0

(8]}
(xx]

pix}
(249

- M

L)
uy

-+
[}

']
)

-+

[xx]

o
(a3}

[ax]

)

]
I

D ]
- 0y
DR T
[n SR x|
[ ]
[ ]

LU v
— 0w

Lo A o
DR

a

[

.14

.11

-

o]
[an]

I
o

11

g
o

o0
0

T U
Do I 3ot B ]

oD U
T T

por]
D)

[

)
-t

.11

Lo
s

.11

T
PO

u
(]

D]

w
)
iy

-
=

[xx]

u

(133

P

.74

L

-
s

ud

-
=

bt}

D]
[xx )

[ax]



-

f& NI

‘HEN

S

GEMERAL PHY

W
HKEI

=
T O
@ 3
0 4

HO11%

e

(4%

LAMELY CRK

DATE-TIME

.

Turb HWOE

Temg

by

Dud

=

]

16,8

15

£

419.8

2o

-
[on]

]

-

W

[
Dx)

=

=
Do

-

=

[xn]
)

-
[x]

by
Exn(]
w
[an]

o

-
[x]

u

-
=

Dend

uw

)

[xx]
B

o

[

1.68

)
150

o0
o

@

14,

[}

=

Dx ]

[Ty
us
(i1

xx)

py
=

[y}
<

fxx]




FHORUS

=

FE/TF

FHO:

Dl

[xd

CRE

Ly

LAME

PR

SRP-TP

RF-TF

pw ]

SRE

LIF - TP

IIF

TF

LATE~-TIME

N
]

-l

-
o

[n)
=

—
=

1)
]

o)

py

ud

1

=
[xx)

T
[xx)
[xxj
o

3

(%Y}

-
D

MR
b

.14

w

()

o

o
0

11

)

=

[xx]
Dy |
™)
=

[ax}

3 O
o
D IR

DT Y

[xv]

—
o

Ty
r-

[¥e)
o

14

[y}

uw
al}

[y |
)

[
o

[ T

[ A X

15

24

r»

0

D]

o

Dl
8}

-
DA

14

-
[

uw

P
[

o
L= §

[an ]

e

!

11

it
11

ul

11

14
14

14

11
11

=
I~

.81

=
1

38,8958

i
[av]

[nn]



5

e
H+H

‘RE

LY

LAME

HITROGEM

P

o

HH4 THIN il

=
-

HOZ

PH MHO2

TDH

TH

DATE~TIME

D Ty

14
18

w r-

b

= 5
uw
—

D B

u

w

2
u7

D)

i)

"o

(s}

pul
=

(248

ot
fx]

L

0

[ay)

19

155

. 197
.198

141

o

(o]

14

]

oy

41

148

Lx)

o)

el
0

e
v

]

-
LA
D]

Dad
L]
ol
[xx]

D]

U

]

ud
(x4

i

us
[

L

[
[ng)

[0

D)

o

u7

[}

~—t
-4

L¥a)
Pt}
LA

()]

u

12!

(]
)
u

DAL

-t
[
u

[
L]

[axl
-+

i

[

)

un

(]
u
i)

[nx]
bal}

[xx}

o

eh

Dx ]

-

@
Ly

ax
[xa]

ud

D

[y}

ud
)
(¥

(i)

w

—

ud

10

e

(X1

uw

u

x:". J

(25}

(%7}

w7
ud
Dl
P
=
(A

o)




]

FARTI

HITROGEN

T

9

11
PH-TH HH-DIN AH-DIN DIN/TH DIM-IH D

“H

i 2=

cc
o

[a ]

Ly CRE o4
“TH

s
d

LAME

ZPH

P

T

\

HoTH D

TIH-

ORTE~TIME

—
1T X
.

D vl
Do A
« .

[ )
b

Do g
T 0
" .

u?

v~
)

u

(g
[y

=

o
o
[
[aA]

-,
[xr]

d

g
u

41

)]
"0

£
™)

o
r-

.41

u

T

3
I

[us]

T
u

W
[T

o
[y

(XY

[

-
[ux]
[y ]

DA
™)
i)
o]

[ax}

L)
-

b}
L

0
@

=

[
[0

-
Do)
fxx]

.

'.1_'.'1

—

DA
Dn 0 » £
Fe [
Dot B
-4 )
LU
DA
e e

14

o0
Dud

T
w

-

iy
D]

u»
Dl

-
[
]

-
Do)

Ly
D)
o

-~
v )

o

f-
-
o
T

)

iy
[xx]

[n g
[r i)

'

. 9

ljﬁ Da OB 2 iy o]
S o

.81

A B |
0D I
« & s =

[ N T B
[ I )
.

[T R
nwr-w

«Q

]

fax

i
o

.11

¥

u
D)

']

218

Y e 0
D Rt

L
Ll

.

)]
o

Lox]
vy

.94

.44

=

-
]

Dol
(a3

u

(3.0
[xn)

=
b
-



e )

347857

3

5

TH

NWRI

(43

CRE
Temg

TROUT

IATE-TIME

"HEM

GEHERAL FHYS:

WB

Turb

Turh

685.8

[ucn )

[\

1=
(231

[un)
=
0

u

o

u

[xx]
[xx]

[}

by]
(Y]

o
=

o
-
[ux]

W
us

Do

(%]

u
r-

U
)
Lxx]
o

o

)
-
[

(s}

14.1

=

P

o
@

W
™

)
%)

-
[xx]

T
[

'y

)

118,48

U




UL

FHOSPHL

E

RF<TF

5

TROUT

FF FP-TF.

RP-<TF

pd]

[
paC

SREF

IF

“TIME

LATE-

DF-TF

[xad

-+

e

[

f=

=
i

<+

Y
o)

Dl

-
D)

s
Do)

-
in)

T
5
D)
[xx]

e u uy

[T ]

[e e v
LYK« I

i)
(22

[0
)

[xx)

-
D

uw

Do

o

Dx)
0

i

o«

[

Ly
[ux)

LB R K )

Do

ud U
- L0
Ly Y

b '

-
1=t
o
D]
D)
(]

[ux

[ux)

[
[xx]

11

7
P

[x 4 .

-
=

T
[l

-
)

[x1)
=

sl

il
=

Dag

I O O

=
O e |

e
o

[

)

—
D)

w
=
Dol
Pl

I¥y]

iy

[xn]

0

L SR ]

19
14
14
14

ul
W

I
[xv]

<t

U3
[

T

I
=

[
o
[

w



HITROGEM

'k

o

CRE
TDH

TROUT

TH

HH% TIH DON F

H+H

=
(-

MOz

Py

PH

DATE-TIME

b
D
fe

i
[» 83
¥}

(i3
i

e
%5
o
L

-
[

=
_G] .
in

[

)

—

Lo

D)
0
|30

py]
()

W
b 5

&

o
[ B Y]
-

Lo ]
)

a3
o
[RXEOU

D

[¥s]

[y

]
(a3

[}
[}

-

L]
(1]

0:". 1]

< 00

L

X}

)
Ny 00

I
L]

[Ny
(24

)

o

[Ty
[xx)
[xx}

(|
)

[xx)
Dl

[ax]

945

-
[xx]

[

[ucx ]

L
[

[x0)

=

11

44

11

[}

T
facx]

™y

[n 3]

I

[nn)
I
il

)

i

DU
(25

0
)

D]
i

D]
-

oo
g )

[

T

-t

Y]

Fe

=
)

1

i

[
[x]
o

u

(v

[xx]

[yOUR po
vt ved
DS Y|
e
[0 o

u
)

©f =
-~ =t
LS Y s]
Uy
—
e -
DI w
R

o
¥

~+
o

-

.

o)

o

u3
o0

)

[xx]
[
)

w3

™
Dox

iy
]

D]
-
fun




FroFH

M T

Til

M- TH

FATI

-0+ T

HITROGEM

“TH DIHN:

4
=y

AH<TIH TIH-

HH-TITH

FH<TH

<TH

TIOH

DATE-TIME

-
Dt}

uw

-
DA

S

—

-
B

-
[

—
bt

150
-~
(il
[x]
[
[}

DOCE TpO Tl

ot

00
MO - 0,

T

]

DO

(x4

)

o0

4

(]

o

O w0

M-

u
DA}
[xx]

X
D]

-
hr

DOy
-
[un]

()
LOu)

)

Dy ]

-
=

A

De 0]
Douaee )

L0 e g}
(80 Bl

oD o
[ T

(2]
10

v}

[a g}

X
hord

)

)

(o}
st
b

Dy
[

ud
[xx)

T
Do)
(¥
[al}
LD

D)

o0

M

M
]

-
]

[¥n}
T



T
o

CEHERAL
]

ki

Turb

()

o

[y

rd

S0

A E

HWR T

Turb

+
=l

LUME
T

CRE

SHINGLE

S

i

=

“TIME

IIATE

Nyl

-
=

D)

)
fu ]

)

v

oy

L0

u
[y

[x)
-
i

o

(o)

[ ]

()

D)

[

]

J
e
i

D)
-
=

r-

Dn)

bl
[

o0

[xx)
=

u
[nn)

-

168, @ a.58

11.5

e
Doyl
(2]

-—
=

(¥
[
)
L)

Dy}

A0

0

4.58

-
[

[an}
L0



fue]

PHORU
PF

FHO!

W
SRP-DF

6783

5]

2
11

TTHO113
=

-

4

VI
IF
il
11
il

LUME.

RE
TP

SHIHWGLE

DATE-TIME

- ] o) u? — u
d g - T [N T

b of U - — Li -t
Lo - e —

-t
0 Dy’ (o] ) ¥y} -
o ] fom [¥y) ) T
T = u Dy u 1o
W D) — [ od u
- . - - » -
[an] 9} et vt Lo d - - - Uy U W DO UGN Y B ) [N IR W RN S RN ]
-t R B -~ — — ot o — vt o — ot et
m i L] ua gl b
M- [ by bl ] 2
B R - I Y, ) R L R )
-~ i B B ] DY R R R ] [y et et =t P B ]
Ty T I T o D OYE MWD I T D D [ LN U G DR B |
-~ — ovd 1 vt DO = SR Y o g O ] Lo o T o T N R ]

o+ <r O vr
) Ly o= = u? ul
5 b Pl I o D
cd by | - i Lo £+
- - -— [ex] [xx] -
< ] - [acx ] o0 (¥ =
)] [nY] (x4 x| ] [
o] - T ua ] -
-t [x(} [un ) L] [} =
= ] - — - —
o0 1] o b o0 o0




FPC

HITROGEH
DM

DIN

HH4

H+H

-

=

“hy

HO

.E;v"

“MO:

t. 04

y
FH

)
s

gL UME
TOH

@

¥

[

HIMGLE
TH

o

DRTE-TIME

I T

00 0 125 o T 0 o Dot el I~
I = T T %

POy el [y i ] VR e oD ]

— O - fe@ @ MW o Nm I~ N

LS v I e 4} LOS LS ) I w0 gl [ gl w
healhc R RN DO SRR T W 'y [xu) 0 D )
—d ot e vt Co) o) O ) [t IR ] — — DO ] cN
D R BT It LT D e e D] L] — ] <t e = D)
' - [nY) DY) Q] — ] o —
— v e | (I SO T A ) v vt v vt e il - - —t 7 vt et )
v bl
R R [ SO I S 1 DO LY LY « IO Y %Y B s 3 hod v o - @ o
Do B IR ] 1 v O et ™) DAY Y et
vt
— L Sl R B | La B ) | Ler R f"" [ o oo O 00 — 0

LUROR W DY) Pe = 0 LU BT IR g o o s R Y] (g 0 [ U
" -l

=+ 0 D U u uw POCR ) <t - Ll DU o ~ Dy ) )

S Y < I IS LY TN = T S CO' SR L o ' NN /o B oY B Y o |
- i e -t i 1) I

7S e D R R U ) b o | T O Tl o DOURE ] LN s ] [

O] Ao Y W G | ] DLy w LY W S " [\n) - -t ) i

ot [ I Y A B | DY I 2T B IR ) [T DO (1]

Iy} o 1 o) [x] e

[xx} o i . [ (¥u] -+

[y | ¥ u? Ly [y

iyl L b W

t+ . 0 P w

Y oY) I~ ™

- . - — -

[xx ) O [\n} fu)

Ly [ | ™ oy

[ex} - bo o f

— D) : o [

D) - - -t

o0 . [xx] [0 [xs)




-+
~—

14
11

FLC-

P}
o)

ERTIO

[N}

IGEH
iH-TH D

e
-
-
=

“TH DIM~<DH IM

AH-DIM DIHN-

HH-TIH

“TH

FH.

TOH-TH

DATE-TIME

-
D]

o~
D]

und
ua

oy
[

—

[n S M 1Y

—

4t

o

ko L

e e e
[ag]

D s e

— T I

e 2 s e

[}

)

- s & =
[n83
[t ]
.
.
[

(¥

[ar]
]

™)
i
[

[nx]

-~
-~

11

r-

i1

2
[x]

Lo

[lx]

[

-+
Ll

[¥)
[}

)
o

-
=

e

-
=

-
fux)

(¥u}
—

o
[z

Lo Tyl
DU

-
Do

]
[

fx]
[n 3

-
]

ul

-
=

-
fx]

i

-
[acxd

o

-
[ex]

us

-
fx

us
iyl

[l

-
[ix

T

MR
]

i

[xx]

[x)

u?

—
]

Dl
-

-l
[xi]

ud
T

(a8}
10

us
Dx]

[

-
-t
-

e

WA
Loyl




FHY S

EHERAL

bl

5

—r
=

2

HEET  Turb

Turb

Temp

“TIHE

-
hr

Dex}

)

Dx)
-
e
RN
[ex]
-
D

[
)
Do)
X
=
D]

Ul

-
f

A
]

u?

[}

ua

oy
]

(%Y}
™)

)

D]

1

Lhn

g

()
[

b
[

L]

pare
[

™

)

U
U
[¥%]

%)

1]
o

-
[

[ i)

"y
D]

ko g

D)

)

-
)

el

)

X

ol

Dux]

U
LG

bad
r

iy
]



=
(=

IT(49 147427

-

@ HIWAY

IF’.I.*U

FR.7-

PP

RP~DP

-
o )

SRPSTF

=

SRP

IF-TF

IF

TF

DRTE-/TIME

DR

XIS B

[}
uw

BT

"

.44

d

L ()

D]

ol
=

Dy

-
[x]

D)

u wr

ud uyud

(43
[0 ]

uw

[

U™

o
=

[x7}
L]

[

[

"0

o

o
=

Ll R O

[yt
™

D
LA BT ) |

L]
QOO 0D 0D

U7
'
¥ )

Lay]

< 0o

LY S O

LU R
] el

M-

ud
ud

Los

[

T

r-

-t
1

]

(O (N

T
T e

Tt ot e

1)

[ 1)
o

o)

=3

re

-
D

M|
A

o

= 0

T e

X

[t
[

()

™
o

L)




EH

15
I

HITRI

e

“H

M

DATE-TIME

P

1M

DIH

HH4

H+H

el
=

H

FH

TDH

TH

0

b))

[a}}
by ]

u?
¥y ]
(%]

o 5
oy

-
]

ud
8]

u
o
)

iy

[ax]

)

D)

37|

u
(]

U3
T
"l

[

g

hx
pung

x]

o
Do

[
[xx )
]
o

DGR
DO
A B |
= .

o

~— L0
—
[ T

T
DU AR

(24
i
-

14
11

ud

-
[}

[

14

Ly ]
i

N1}
=

Y
[x )

[

U
fxx)

)

]|
fun)

u?
)

[xx ]
[
)

[ax)

-+
~

i

-
o
-
=
[

[xx)
[xx]

)

L¥]

]

uw

-
=
=
[}

in

u

[
Lo

-
(n33
o

¥}
Lh

oo
T
]

[ 0

-
LU

LR B

()
(143
D]

L)
—

[¥x)

u

[ 3

(253

-
D)

DO

[T

vt
i

™l

11

11

e
(%]

[xx)

Lo ]
Dol |

11

[T
Dy |

11

[Ty

£ 0
ot v
[ 22
D)

D By

(g}
-t

u’

i

[y

[¥e)

11

P




- [ g (43 b I Y IR | I Ty w0 DoV IR = D B v ) - [ B ) (a5}

ot e -t — — ) 0 0 - -~ —

D]

(/8
w3z
[y =] [y bl [0 DI TR YO ) u u Lo [ OGRS S T D I U Y Wi Ty
T DO B e I ) [ [ S n Y [ PR n SR SO 8 oY [n 2% [n S Y DU SIS £ s o [ S % TR S » £
- = LI T ] " . » s a2 » " LI T S ) LI T Y
[ s}
[N ]
= T
w 0] 0 S L] L) [x]
i3 ™~ [xx] [} I~ ) [ [ax}
o T . . . - . .
o
[T,
—
-

) P 3 M- Lo - U -+ U u U - DO W T ] O T o U

N — G e [cr ) - LUy IO R oY) fax] Doyl TS Xy Do oy o o
= . a m . FRY e = & = . . . s = & s & =

AN<DIN DIH<TH DIH-IH DI

[ ) -+ hod un ua
- [xx] Dix] [xx] o) ) (a1}
(] - - . » . "
D)
-l
i

DOCRE O Ty ] W [ ] TR0 S U O ficx] T et O I ] R
= DO e I x ] g !, [ TS v I T ) [an) -+ T LYW B SN o F— U -
T L] L[] L] L[] - - - L] L[] L] . L] - - " . L] L] L] - -
£
-+
T+ o R R - B3 S T R Ty B
— — Y — A U T o I u w7 LY R I T

1
P
(23]

Dux] . DO [x e} . %] ko o [

~TH

(o] o — Dan) ) [
- . - . s . u
[ v
=
—t
I =
— Dy ™ — s Lo e
k-1 T 0 N (] i i [ag)
el . . . . » .
e
Y-
s N i) [Ty Ty b acn]
[n g Y] [xx] Dnd u — -
W = = o 3 W — s
00—t L] - — —i L]
[n g =y . - . " -
T, - []] ~— o =
i — [} : Py [ | [y
b~ g v~ i) [T [
[ nd () [ ficr] = [y
[ = -t - ’ — -
o ’ [xy) [xx] Dx] [}




FF-TP

l F E
FF

P HI

FH

U
SREF-DP

RP-TE

p=]

TF

IF.

LAKE
nr

WOOn

g

TF

FE

H

i

1L

DATE~-TIME

L

E

[
1

R o — T o re ' -+ re )

[¥u} Dl un -+ e - [nx ] [xx] [xx] Town
[ . — B B x] : (¥ [xx} -+ (2, )
-+ o S — DO ] -+ W ul .
™ ey} ) [ ' — D) ' uw . ul [y
L¥'x} ] “wo. [¥x] i [x] (¥n] ) (¥u} 10
— U = - [} +— [nn ] Q. [
) [T o [xx) [n ) - it 1:;» O

=+ *r <+ r =+ <+ T Fe Tm W00 e i SO U R TR RN IR i ¢ Fe P P Pe (/S | Y O Cf vt
vt ved o [T T ] et yd et v L e ] ) vt vt v et — vl et vt De) 3 S % B w Y ]
-+ i) D - f- iy w i -+
[ax] o - o ™ T ~— ~— (5]
- . - . L] a L] - L] :
LYy Y o R ] () [ AN T N [m S » SIS £ DO B By | o e 1 e DoV I R A ) LN w I 0 O
ExY B T B | |.J:|_ D R ST BT | 4 o ) vt vt At ot o e O O o v v Dt I I T Y 4
= e = 0 o U 00D (s T Ry ] ;:r~.' DA O - |"3 ;:f-. Do o ] [x OO L s DOV o B Sy o1

LY RN U WY o] U 4 uoun LU O] “t <t <+ =+ [E RO T Y o) LRSI A Fm 30 P P
. — T e
o] = . u [ : M- . ) D] D . u
1z L . -~ ) DU b ' -+ . u bt}
[ [xx] ko ol Do . -~ [ AN [ o o
Do) — . — — - [xx(} [hn} i -— A%
[xx] T LT (] [3x] . b d [ . .o [
()] D) ~— M) %1} (7] ] [} )
us i D ) — 'K us Uy =
[ D e ’ - [ [ . [ [ [xn]
] Dex [n ) [x] -t -t . — -t -y
oo o o o [xx) [x] 0 . o oo




HITREOGEH

OIH

bl

el
T
3

WOan
TOH

Rk

TH

M

YERMI

DATE~TIME

o

DoH

HH4

HN+H

“y
=

P

o

(a4
10

DU I ]
Dn SIS S n )
ho i g

T

[xx]

-

-
)

o

X
=

[¥ui
-+

Doy

A

-
)

s

=
(xx]

[¥u]

b
L0 0

o

()
T

Pl
'}

T

o

us

=
"

L}
=

[xx)
o
ud

b
b

[y

[¥s)

M-
i
u

(3]
=
Ll
[n}

i

fun}
¥

[}
[Tp)

u
[ag

]

[yl
i
[xa]

o

iy

L)

=
0

W

-45

d
L)

L B

o)
o
fe

P
[xn]
e

S44

o)

I}

=
@

WK

[ay}
I

o0
)

D}

R
5

el

0
(23]
L]

2098,

S

1" 4
i

u

s
o

()]

wh

(1]

[
(3]
[ad

o
fxu]
o

[x)
o
(o]

L)
[
(a1}

il
(1A

-
[r
w

-,
[t

[vcr)
[y
-

By

™

"0
)

[n 1)

Dyl

)

M~
bl

]

L]

-

[a)

o)

-
b

-

m

w2
[n5)
-

(43
™)

[n g
Pap)

L0
g}

)

T

-

[¥s]
18

‘o

D

bt

D

i

Dyl

p
—

-+

[an]
L3

[R5
o

Dy ]
-
-+

A0

=
[x]
£

o]
[x3)

L]
o

"o
m

1]
Ly
D]

ul
Dy

o

-

o

Denl

329
326

u

)
™

o

412

(82

oy

o

[

483

221

D

[}

5

14

[xu]
04
[

u
[
Loy

u
8t}
L)
[a]
]
™y

[



=

L.

FATI

DOH- TN

IGEH

1H-TH

HITRI

AM-DIM DIH-TH DIH-DH I

U

SDIH

ATH HH

LAKE

FH.

o h

TDH-TH

LENEIN

@

I CREE

L M P fa e G e MWW W T e = DD 0m
ot e ) o -

D@ DRl WO W T B @me DA NPT

) M- 0

=+ v 0300 DR B I B T <t ~r < [ IR B AY I 00 0 0D w0 b o Loci L AP s = A0 QWD ur U e
-+ s -+ r M. w0 T
[} . [y ] (Y] PG ) )

Wy ovd oo NN o DO SN (I o

.46

ERHNI

i
i
¥

DARATE-TIME

B s I R SO S N S B T R S I
U u u L S S £ we L 0 D -+ = <+ -t — et N “
- " « v o= e s s = e « s o w « s s s . & e e = s o= 0w A e e = . s .

oy u Py w w2 d Lo

= < . [ Byl I Cov -4

- . . . B . .
LY IR Ty Y o] — 0] et S D S f‘-l D o RO Er I TG i SRR B B Ny B 1 ] o0 m M 03D . Don IO I ]
Fac It I o8 I ] Do IR R A [ B I o R 3o I I I A | Do R U A [ IR s B - & U o ) 'f":» 3 ) e I B o)
. - Ll - . - - L] - ! - - - - : - » L[] - - L] L L - L] L] L L) L] - - .. ® L] L] L] L] o

DoV OO . [\n)
=+ < u r oo D T R B U] ‘l:l‘:' | T L O T AN « Y] D LR I f~ = O < Do e ]
T T T T "y w T 1T [ o I ot B B 0 T T 1T Dn 2 K ALY S 1Y DoV I s s A Ag Tk N =t uww BN T x )
e s a « &« w ® . & e = = « o e e « = = @ - % s 0w " s e . v s . « o s
e ] . — —

-+ U B W o o o

P i LU -~ ’ [y ) : -

" W + + S : [ o

s Dxx) I [y . LY v [ U™

hn] = Ul o [ ) i) i)

Doy u — oy = o < uw

o o -t [xa] ~— (4} (2 53 (2]}

[xex) — - -~ -~ (A ] [ -t

oo T e ] D) - [R5 -+

I} ) - [1x) ) b [T} L8]

u fa g = il — u u 0

b (s ~— L [ o [un] D)

[x} ] [ [xx] -~ -~ -t -4

o o 0 pO 0 o o



i

SHEM

FHYS

EHERAL

s
W E

=R O

24

e

LAKE
0

WOOn

@

CRE

VERNON
DATE~TIME

HUR I

()

Turk:

Turb

Temp

DR I O T B

L B

—
[un)

[

[xn}
(23]

by |

-

.

03 00 v L

1)

¥}

[}
"
[

-
ca

]

b
i

T
U

(g
D)
T
15
o
[xn}

-

te 1

]

)
=

u?

v )
u
uw

[Fl

2

)
=

4.8

o

-
ax]

)
o=

'l

[

DX

=
(4]

.
0

DR

o)

D/ ]

.,'-.;

LN

X
[

=

()]

.

-
=

]

[}

-
)

v ]
Do
i
DA

D)
w3
b

[xx]

(&)

-
[x]

=

u

L)

[

']

-
par

-
)

[}

T

.88

e
=

-

1.8

14.4

.58

"

Do)
™

519



CRE

FHYS.

EHERAL

'a

W2
W1

- Turb

-
[

U

“HEM

AE

Turbt HHREI

0
LR

U

LAH.

BOKAH .,
T

1H

DRATE~TIME

WERMI

me.

=

o

]

S

uy

-
2
-
L)
-,
fr)

[

e

T
W

=

ol

P

0

]
]
(=43
'

-
g

o

w
i

)
o

.
[yl
[xr )

P
P}

G.7

S

S

-
L]

=
.

=
ud

[

14,80

412.9

-

(24

=
0

265 848

16,06

266.0

w

X
]

™)

34. 08

2
]

L)

.
Ly
[y ]



FHOSPHORUS
RP-DF

5

b

o

TH

VERHI

LATE-TIME

R TR

FF

b

SRP-TF

RF

LFr-TF =

oF

TF

[

kX vt

N

(257

Ak

o

\n

LA

[

[na]

-+
[y

-
[

[y)]
s ]

us oy .

Do IO IO o ]

L

o

wr U Uy

LR BT S B

-

U

pmad
=

[xx]
o)
(x4
[xd
D
[xx]

oo D
S|

oD oo
LY Y B |

[ax}

b

[ng}

[
~

=
[y}

i
[ )

=
-

Lo
B

Dod)
)

[n g8

R,
i

e

fod

—

DO BSR4 IS

-
2

[

41

=

LR I

[

m

.58

™
=

)
u

-
=

)

-
Do

-+

1;

14

i1

i1

i

.

[aa]

O R

™)

11

o
d

™)

[ax}

Lo

[n 49
)

[xx)

£
(¥n]

0
"o

oy
-

L]

w
[y ]

17

(xi]

I,D
o

[xx]

1:

11

11

[ux ]
gl

m

18
11

-
]

-~

e}
—

1.886

w
[

(4]

o

o
—

19

L3 U N

Y )

2107,

s

51

1.13

[

o
!

7.1440

-
=



497

0 im0 MW 0 W DD @ ®e . W0 P @
) [x] DU SS | I " M~ [ xx} [ns) ©f ) (37} [xa ] (21 -t ]
Do " L) DOCR S B B v D - 1™ uwr [T I A o [ Mo SR A}
o . a « « & « s 8 e " = . . » . « = - . . -
[ iy OOLD e WD e BT U 0 < < W Lo L) [y Il w i~ < wy M~ Q0 Q0 ~t
o Y0, I T IR Y R Ty [T T o T o u Lo w oo i LA e B o B A —~nom
E S Doy G I B ] DR T IR B (A BT B (a0 A BwY Y [N i) [0 BV R A N N T [ IS I BT
- .
- - —-_ T T -n T W ™ oo — @~ 1P P 40
T D U ) (U g DY e W ou o by : [y} [R] w W win Lo Gy A e ]
= A he A o g R -+ - “r r he gl - g -~ —
o : -
DO o -t O U S 1 M- U — L0 O [¥e) oy [ T e us - o~ vl vt v v
~ X [y} ot ot T = ot e -~
Dc Rt
)
T X ) - Dol R I O DL RM 000 [ - e e TS O (3 IR RS i | ]
A 4 0 - RN K [an B o S X)) T <t ) L A | "J BLEC A .o oS = 1N WwIn LA e S e
- X L K oWy b i i T < =+ o <+t T T T — o — ’
d_ ) . B y X -
2 IS SERR N (I AN T w0 [ S O T O T o O T I Ty O W 0D M0 (AR VI nY I I Y A B s B a
o R : ’ L .
' ’ . .
':'!' Dyl =T o Tp Y 'f'_\J‘ U".l [T R T B o l;"- T T 0 ‘0 ® 00 O 01 (0 0]
— e 10 A DR Bas B ] DU R ] g T ™ WP e < < i =+ Lo A s S ]
=
b7
) e - VG e T e e W D @ 0 M e e
- Lt} ™) LIRS REAN] [T Bo i i ] e, - [\ R o = ~r I o xa)
T
-
- (S YR N2 R DD W e @ T S (S 0 B B e W Ty
Z M (L RS B ] b - T T T e 0000 DUl — 5 DI Y I (%] L B v I R — U T
[ [ LS [ LT R Y« R KLY S LY (N = - o0 g [a ot I BT = o
e N .
[xx8 Dl e o0 253 [
= -+ ), Ao o [
(W Fou 25 b -t Lo
[
FS [ [ [ux] 2 . - f-‘,; . . us . (i) . ul ]
= SIS = . . B T R -~ By Coun -t
e = DU -+ -— i —t ) : v o+
[FY ] D i -t Dol - — - -
-2l S " - . - - . - L.
fou S - m (5% A ] [
L 1 — i ) 1 [ . ] (At}
[ L ] -— u . u (¥} [
T [xx) -t [x] DU [xnd v ] [xn)
f o N & [ - — L et -t
o L) : ol : Pog - pon) a o



05
FCoPH

1H . TIH

FATI

IH-TH IH

HITREOGEH

Th

DIH-TH T

< TH

ODIH

HH-TIH

“TIH

HH

STH

FH.

BOKAH
“TH

44
TIH.

g

ERHI
~TIME

i
[

AT

) D] 00 [ICOOCR AR D ) ~ W D s o) ~t [a BRY] 4

-— - -t — o — - Lt et -~ o - — 4

U R TR o Y O] ul Ll L0 o3 < Tel LAy R B ] - 0% W0 D
=+ T T T DRG] b Pl L L - 000 P QD Fe Pe Pe P
LI I } « = . " s e = . . o . ) = e e . « s = m

-+ K bt o a0 o o

A 3l o b3 u o) o

< ur w o <+ 10 [T R S i =t =t [ B W [ R i ) LO N RS i T
[V T T O V] LNORN (LY RN W WOt 0 ) g 4 Tt - O e [ IS BT IR
Do) — ) [5x] ' [0 o a8
L Y] W )| —t ~— —
[T TRV B v D UL B I — 0 ot e [T o i o ho i w Dy o LA I I OO wu — ot e
DO oI A ) DU U O o ] Do I MO s I X ) Do U oo ] (1] fax] DU ] o Do o I 1] Lot B B B v )

[TV G o MY Y LY w] Lo uo l"'-v- 0] <t 00— 0 [ AR SR o U v 4
DU e A o T T T M a4 . ) [a OO o o [x OO s SRR I e 1 o 0 s L9 (9

ki T M- . [ ] L) o -

[x) = [ux} )] [y ] - ™

Lo L] s o0 - R ¥y} [

T T ) |2 e Luxl M~
= Pou] D] o u = [T
o [x] [ax] u . — . [x7} u
= o L [xg - [} o
= - — D — — -—
- - . . . - .
r- () [x 23 -~ (] [¥x] )
[yl ] [xn] -l ™) . [xn} . (2] )
T T ) -— . o o Na)
D) [ux} L 15 . DOl (e [x)
icx ] Dhex] fix] —t - — —
Do o 0 ) o D) o0

218727, 1444



~CHEM

GEHERAL PHYS

1B

M

Turhb

U

HURI

e s
g

)
Tuirb

THO1

"
(Y}

(a3}
[
Pl
=3
D1l

-+
=
L
J
=
’—

w

T

_

SEHHA

DATE~TIME

.

-
[y

]
[¥u)

D)

-
[}

Py

-
i)

(2]
=
[x]

)

r

[¥u]

3

Lo
]

P}

[N
[¥x]
171

o
[xn]
[

i
D
Dex(]

[n g

[an(}

-
]

[T
L]

)
[37]

[E

u
[

-
D]

i

—

]
[xx]
u7
Dl

D}

~

)
g

D

D

-
=

-
[x]

-
D
D]

™

[x]
—
=
-
=

o
(3]
U

s
Do)

-
=

"

D]

[ux]

D]

-
]

u

-
=

-
i}

DNy}

)
o
(%]

[y}

[ax)

|




FHORUS
FF

FH

i

X

FF-TF

SRP-DP

RFTF

EF

ST

IF

oF

LATE~<TIHME

U7

DTN |
—

Dl
Dixl

us

X
Dux]

-

D

-
=

(43
-
D)
o
[

Fou e =

Do s B 4

ot

Ty

o

b
T

.41

-

1
L

[

-
Dol

11
11
1
11

[Xs)
b7

[§%)

o

44

-
[
—
=
LD

-
Do

[x}

o

N

(W]

u

My

o

|

[x]

b o D

]

-
]

[COO 2

[xx)
—
Do

OO )

LOXRO e

i e T

Pl
o

[¥a)

Do

o
oy

D]

i
[x(]

o

D]

1%

w7
Ty
r-

Lo
o
o
=

0
O

[a}

.41

[ RN]

Wou o

o

T~

DUl

LD

o

D]

o
o
fre

-
[xx]

0



PC

DK

DIH

HITROGEH

s
.

HH4

H+H

o

2@’ "N
M

o~

b
i

Eb
=4

b

KAHA LAKE IMLET (43

IRTE-TIME

FH

TOH

TH

- pax] — vt ] [l Dy | uo 0l

e T e o i) [ — Jo F

D) § Dy} U u uwr o o o [
' b

I [T T el | = 4 =F - g T

=+ [TRC T o ol T [ BN ] ¥ [ Dy

Do O I ] e v vl e et Do) v T >t -t

c—t oot = A 3
B B T N DO E K D(x} DO I B e | DX I T |
] -

145
143
145

[T i T L B LY R LG o LY WY oo — LW S A B T LSV BT o g ]
" X me WY [ e Sty = ¢ M

i

Doy I ] O IR | c"aj us u ur o 0 D T [ B I ) D 0 vt o=
L B s U ou U u [ I Y Y | - e DS S e O

=+ vt r LR QUL IS (R LR b2 ST B ] <t <k T < R IS W [ N o)

TR C R N VR SR B . (O R SRV T ST R I S L U Ve YTy

e N wy <+ -+ < L BE L B B ] DOCR YO I Or I )

) (] [ 53 i iy M- Lo (2] [ =t Lo

) L] - — [Ty o ) L B i w1
)

b U = PoCi PR U T = U ey VA0 o N R AT B

DO % U n &Y 1T — 0 T e DOCERS o L) e U e WD "

A i o 0 ho o i S DXt Oy ] i) o

[y | [ — L D311 [
(x| [hx(] - v T S

[\x] [ex) o o [ix]
(] L] [xx) 73] [xn]
oy o Den} [ xa
- 4 — [xn] -t

. - . - - .
[an} [ ] L [xx] L) o
-~ ™ o a1 ™) D)
) it u s [¥u] [
v ] L Dix] [x ) ex] (kx]
Dex - -— -l -t —

[xx} oo o (x4 [ o0




FERTI

JITROGEH

TH DIHSDH IM

k

FiooFH

1M D

H D

AT

1H

TIH-

AH-DIH

PHoTITH

-
aem

{~TH

e

=]
[,

IATE-TIHME

-
[

-

[¥s]
1, L"l

MY
Do

[¥%]

-
Dl

-

D}
-

=

Do

I
D
5
Exu]

™

-~
(X}

D]
u

(%3}
(]

u?

—
[ux}

g
(s

-
[

=
[}

o]
T
™)
Do

X=
=]

.=

[
o

oo

[xn)
Y
Dx
¥y

D)

|§.|

[xx}

¥

53]

-~ 15
LAz B

o
[0}

.14
S

()
[y )

.44

w
uw

.74

.14

[
w

)

1% |
Dot

18

)
u

T 1
DU MU )

w -t

]
i)

o)

0

[sx(]

fxx ]

LSRN

Lol
)

=1

-+

sl

[

.11

1T
£

=
=

]

(<1}
[uxd
[

=

(23]



19

[x} Tp] b, [ x] ]
Dl ™ ] — — - —
)
I
[
LN 3] L] r] a2 I ol
- . - . % . .
I -~ o -+ ¥ o d o ko4
(Ve .
.
[
VA
Wl e .
el oy L g ’ [}
W= [Tp] R o) [
L] . - . .
X (¥} [ni]
A T,
=3
-
uw
[V
iy = ] [ucn] [xx] 7]
"n o AT gl w0
i ] . ]

H 11
Turtb

~— N

o] Do = Doy ™ hcx] ficn]

|;_.' e’ . ) o 4 T x -

[ ¥ i uw : - ) <+
) ) — ()] . ) Ty

,._
Ll
Lt 3 — ] [¥x] hn] U3
=z o - . . . . .
Lo 23 T D o [xx] .
w -t ~— — ~— oy
w
I
-
o)
P} [x) [acx} U [} "8 ud
ol [an] ) - (Y] — (e}
- = o o+ [ ] -+ T
- = — — -t —t —t
- ] . . " . -
-~ [y ] — oo ul hn)
tJ - [yl } Do [x10 i ]
— fu 8 -~ U ud K [
i Do Dr ] = b D)
(=] L] — — — — -t
[xx] [xx} Dix ) o ) [x] fxx)




o
- Dot e . D} u w0 (x4}
) R : u [xx] M s | -+
(s . . . - . - »
[

o fx 2} . [Ty} us lj"l - o

on(N T ~ I W Al

x

[

xI

[/

0oL | .

Dl =] ] L wy - . ©d

T . fix] T u 10 X . - (a4

[FEv . . . . .
(¥4 >l

K ¥ ]

uon .

T ] D) i) o 1T -
-+ [ns) -~ - — g
vl . . . . . .

(%3]
[Vl LY IRS Y IR N DO Y A e e [TplR S i o R DU B e T Q0 e

W

—

™M)

[ ] ] [xx] ' b2l o

o, -+ L o ] -~ ) ud
o . . . . . . .

Do S e ]

-1

[ ' ) -

[T LMD LD T 5 ) et [n S S R Y LYW KN N o = U1 o DO GO ]

Py e | ot oyl e v et v : N

—_

W

;I, (W D S T [ WY R ] DU TR g o D Ty Y R T S O R LoD U D

P -t [ IOSY DS Bt | [0 O S n e 4 DOEE dl TR o wd v e — o

e . ’

D]

L]

&I 0 . [\x] ud [un) b w

ol fix) o - [} . -~ ud

o= ) < r- | - ho
— = -t -t i -t -
f— . N . N . .
— ™) - () u i}
Lt — Dy ] D] o . Dl
[ i . — un us w [
fasd fux) [ = = : = Dl
— [ — - — — —

xx) P Do) Dax [anl b



i T ™ [LRN Y] P - =) - v T M- ]
- — - uw o Lo - < — [~ u Lug V] )
L) ™ wo Ty DO L] W e - Dl [ AT o
I . - . . . ., . I . - . B P .
— o= -~
= — et 0 DCORERT I T T | SO IR TR ] i — O ] [Su]
w o Pe = 20D LF I S TS ) T DO D] LY U 4 -
[y =] P B I Y B S B DA B B B — 0 — —
) R
3
— .
—_ [ I K ] [ S R AT O 00 DL o R TR ) e - F= 80 Do) 120
= fou e B O e T e [x SE U e [ IRV I R} v Tl ] o < 0T
= -t vt e et —
=
“ DO ] A0 M U b o Y N | K A o —t o O D
vy -t : vt vt e -t — vt v
=
Ly}
[ [ IO 8 4 LN QLY T O DO > O R WD by Mo De SO B DO O I |
+ WO P WD WU u 00 P 0D — ot ot [} =+ o <r =
[ ot v
—
-
wd .
preag < <+ T Da) I LA R T [ B TR A5 0 BRA o HR s ot O e
u z
4
& o 0 U o U — 5 O D o Uy 0T LY R xRN ] L IR e T
~ ACCRR N IS LI T WO T () Docis SRR R ] - T ho AN Mo o
= e B B |
(]
T
- -~ ~—t (e 03 T Y] v - [ QA ) n u = [xx] o0 -
- X 1 ko Q] ) 5 -~ i DA V] [ -+ 7 -+ Lo e ]
[ — o i
-
w
-l
= = [ Ty [ T T BN D LU T O el P= 0 b
— LSOO T p BT O S S S Ll o OO TG DO g ) Do o )
[ 000 ) 0 [AXIL [ BT S B DR IR0 BT L8V Y | bl
Ld
hr
I
P -~ (23] u [ o L)
= fan] (v [ux] ~t - [¥x}
- ko3 T T , L] [} x|
[ g u? Py u o
W D] o — o - 'y
= = =t P L -1 kol
— [xn ] i -l - -t -t
— . - . . - .
~— i, ~t o0 us =
1w i ) D] oy (] [xx}
[ [ g -4 u ud o P
X [ax) [anj Lac ) ) faox) Dend
= [xn) ~4 -~ — - ~—
L) P [Ex] 0 ux] L)




i WM w0 o L ~— 0N o BT CPRE < (O (O U
D]
o
1A T D 00 T I 00 -+ 0o Lyl Do T ] Pt [
3o [T RS S w oy o [ XS N A o LAl » 8 T P D [
“« = . . » - " " . . . . . L] . a » . . a » - .
—
T =
o
=z - [y — i 0 u? -
[TV - : -t u? 0 )28 o
n o= . . . . . .
[ )
i A
.
— X
- - ™) Do OIS IR LS Y T I e Do B o] [ g LR 4 (xR}
L e uwr o U un [ R a0 B Ll ] — 3 ) ) -t ol
T a e e « e w » e v o« = «c e w ®w e w4 o« s a =
= -
uw ==
Doy o T [a] ] (a4 [xx) [xx} . (x4
= - ! . - . . ]
—
(=1
1T
- T
e D s SR TR o o B W\ Y B o T L B O U TN TR T ud [ SO S |
fuw] ot et Lo R or B ] DR B I D> i o ] Do B x ) = 0D v -~
sl " . " = s » = = . « s s » . - » = & =
_._ : . » . -
~
-
L) R :
oo f= 0 00 Dy B DU AT R R ) oD Uy un — e 0
[Ty = DO XY Do a A3 SR 0 O D a0 I L 04 = U LD \D D 2 4 [0ad T O 00 40
DoUR « e e s e a » « s = . « * = = . e s s s s @
T
-t
- = - Y -+ o -+
- — - ) (831 ~— —
w = - . . . " .
.
Ll
ut - og ™ T Lo £ Lo
e, [ Do) - [ oo oo
[ g - . . . - "
J Ry
}...
DI
[}
] iz Do W [x] u u
IR IT] DAl LA — Ly S ua
o E o ’ -+ I o o +
L e = ) — - — . -t —
Do I ) . » - T e -
- iy - [ax] Tl =
Ly - ) D) (3] ) ™
— g — W uw L P~
[ [} g Dxx) [xx) . [in) [
= ) -— - - ~— -
fux} [xx} [xx] oo [xx) 0



GEMERAL

-
—
-

CUTLET

T

LAKE

TUCE

TATE~TIME

PHYS

8]

W

Turb

Ty

=

]

[Xa}

AR
[

el
(¥u]

-
[

(=3

-
]

u?

Do)

[n g}

-

Poul

14.8

-
[ex]
-
[x ]

-
[

-
o}

ol

WX
=

b

(5%

—
x]

.

—

-

=)
)

[x]

L0

A
=

[n 4
T

=

-
ix)

-
[x]

T

u
1)

]
[¥x)

WX
[x

-
D}

.
=

o)




RS

FHOSFHI
RFP-DF

=

E

FoTR

QUTLET

b
T
A

LF -

FRTF

FF

SR

¥

RF.

P

DR TF

TF

DATE-TIME

— )
vt el e

-
=

o

[¥v)

s

.Qj

e

W

[}
=

]

i

(]
1

5]

o

-
=

gy

=

A
g}
(]
[xn]
o

T ™M

il
11
11
11

DO Y

LEn)

w

]
s

U]

Lk

[x]

ot
D)

o
[t}

™
[x)

us o

9 T D

€ 0T et

[- - -

()

oo

[¥v)

1=
w

-+

[l

o
M-

[ A3 s )

i
P

—

]
"

DAl
]

(x4
w

.74

.43

i

0
™

]

-t

T
L3

o (0

iy

i
w

]

[
D

[ay]
[

(X3}
-

u
o

LAl

(&Y

i

i
I¥e)

245

B24, 12

@

21

DG e SR X2 )

D)

m

Ll

oy
[

.18

L]

[
™

D)

=
=
D]
|30
[xx]

D]



DO FC

NITROGEH
DIH

U

HH4

HOZ H+M

]
=

FH MO:

IITLET
TOH

LAKE
TH

TICE

DATE-TIME

[ax] [x(] T -t ot -t U Ax ) [Ty o = [ T ]
b U oy T W WO o™or ] i D) W or- —
(N LG Dy ] 00 o) AT T = - -t [ [n )
L] . T . - [] - L[] - L[] L] - L[] . - -
u? ul - >t C ot - — [y | ) - -

005 e D D] a
- ) 0D T 4 "
IR (I B WO G

=00 [ Do IR T L 4} AT o ] Rl S LU 1T 000
Do S O T B o ] Cd et vt vt -~ o et -— DO T =t ot e
oL e e

Do o B U R b O I —t e e et DX r TR S ) (24 KA b O w I |
0 vt ceed vl i - i — Dt R [0} i

DA S ] 0 M- 00 o R A e (IR BOG o T O W e o

ho g IR U T o T 0 DO IS QU T Rl e Rt o] D I B0 B e 0

LR v T ] W o [ B OO Do) R AY B [ T T < r =

P ]
m [yl [ R ) B - 3 (g LOCEN \on — - LN\ £ [xx(]
P w0 Lo o B [l I [ B U] bl i uwr r- Lo
fra [ — — ot — - — — -+ Bo o — - —
Dosliio B R [ T o U 00 [P T Tyl sl Loomat} 1T
Dol B IR ] DO I B n ] T T [m e st el 1T et (¥ -+ U (¥y]
[ T T ] €0 O 00y B LAY R B [ O i ] DA L] DL O ]

1 - [y} (] .
] [ -+ I bl
[ -+ o - o

[ux) fux] D) [x(} un [wx]
[xx] [xn} [x) -+ ko o . -
b ol [} [ | B (a1 D)
Ll i i v el -t

. . - . . .
i Lol -+ [ o [}
™~ £ ax] T (Y] (]
(x4} -t [T um ’ (Nu) [
=t (A} o o [ax] o
[xx} - — -~ -~ -
o . ] o [ [xx] o

L)
-



FATI

HITROGEM

Tl

-
i

JTLET

< TH

“FH

FLC.

MoTIH

“TH T

K

OH I

SDIH DIMATH

AH

HH-DIH
.81

STH

AN
i

-
F

" THH

DATE~TIME

LY}
[axx)

o

L]

[ g3

N Ty

o
F-

)
=

-,
=

[xx]
(24

BT o

SOV RN
Do

Dol £
[%) IR ]

Dol
DO 5

11

11

[
(23]

[axl

WX
]

)
D)

[
Lx]

i

D]
¥y

.

(A

[rx]

Lo
T

-
Rl

5]

o

[¥s}

-+
)

)

D]
[

5

DOxj

by
43

Q0

[

-+
3

-~

s

[n]

L

[un}

[Xa)

uw
ag]

¥}

u

-
)

gl
1=

(223
[¥1)

D
=g

(A}

i
L)




LJ
I
7

GEHERAL FHY

Tl

HERT

A E

3

Tur b

T b

L
=
=
L}

[

w
'.—
T

-
=

-
]

-
[acn]

w7

-
D]

i
—
=
[
-
[en]
joue
icx]
Dxx]

[n]]

)
o)

[0}
-+
(X%

Y
[

T

—
()

Y
o

0_"-;

)]
[

R
1]

)
)

—

[xx]

3

-
Dex]

!

-
[

) |

[xx)

Y

o
]

[xx]
D)
Dl
[

%
N

-
[

[y

u
e

=

14.7

u
D]

o

i)
e

[y}

L]

(]

)

=

Py

o

LT

[
-
DA

>

el
o
o

o

Iyl



D Dux [ T Lo (3] [14]
i w0 - L] - u3 Iyl (]

FFR-TF
E

D ag] =

FUS
PE
E|
14
11

P H

FHO!
5

RF .~ DF
3
3

L2

RF/TF

poe]

L] i 2] [ L) — - 90
— [ M o - [aY} (8} <
. . .

L R B ] D30 I B B 0 20 D 00 Poul e s B | s ~t < =t -t N < <+ wnuw =+ W
) Pe Pe Pe - M0

RF
3

“H 11

()
(2]

Lax]

o Fm Fe [ o Fe P foe Y 0] @ T P SO S SO )

WL D 0

IF
18

DB ® DS DLW
i

4
4
4
3&
&

Q

o £0 W0 e — et ) (A A n By} -+ T 3 T

. o v 0D r:,‘l e DO I e )
T Al n o B o B BAY B S BA W uu e e P e

Dx) Y I I Y | D It Bt — —

[ W xx ]

43
49
4

4%

U - o ) =
— ng] . (] )
[an ] [na] Dyl -t =

45

1
1
1
e]
7.B82

T S - = R » <
-— ' ) Y] o
= ] — u

fohr]

DATE~TIME

= (e — -—
Kn] o0 o L)

210624, 1568
81A725.8735

1
1
a
2]
2185

N

G BN A A N N B ) D GE D AR D B D D S B e
23
DF-TF
41
.34
3
.87
.31
.49
4
.62




CoPH

iHDH P

RATIO:

IM<TH DI

GEH
STH I

HITREG

S
DIH-TH DIH

AM-TTH

HH-DIH

“TH

FH-

“TH

TIH.

DATE~TIME

11

uwy r -
T T

' wr w0
I R

L0
ul

.44

11

o

Ll
[xx)

Ny
D)

]

.14

[y

b

-
=

i

16
14
11

[T LY IR Ny
0 O Ty

[T i o
D oy B ]

Uy~ 00
L U O

L e
DR S

18

L
[n 4]

[

-

-
]

[xx]

.
e

D)
o

[ar

D

[

[

13
14

i1

=35
79

=

Q
.28

~
=

o
hx]

Lo

o
r

D]
Y

Lo
-

L

D]
L]
L)

[}
&
)
[
o

15

[vn]
]

[xx]
(o]

-

[aa

.85

'
[ag

—
[xn

.12
.13
.15

.34
.35

[xv]

[

D

o0

.46

.34

14

P P

u
]

o]
X

0
™

[

L¥1)
[x 43

.84

.84

ho ol
o

.GI

o

[na]

o oo

=+ L0
0T (O

oo
[ B B )

(a3
[xal

.85 . .86

«54

(¥

ud
m

-
)

[n4]
)]
Pw
b



NITREOGEN

22587 "W

-
-

A5 29°°H 119

(oE

;AHAL

L

oY AMA

H+N  HH4 DIN Do

HO2

FHN HO3

TIDH

TH

. DATE~TIME

000
D)

L3 I

[ IR BN

LR

11
11

[T ]

(x5}

(2 3}
o

'y

ML

T

g
b

U
)

]
od

[ By

o

115

U

Dol

[

o

w

0

(3]

Py

[yl
]

15

11

u

u

=
[

(23

[sn]}
=

(X

[
o

0
[

18

ax]

ud

Do)

LAy

o0’
[ 4
I3C X

]
™)

-

b

)
1)

54

w0

[y ]

L)

b

-
[ix]

[xa]

D]
[x7)

by

=

w0
=
D]

-

(2
o)

[N

=

(g}

=
L]

-
o

™

Al

us

[rx]

[y

Do

D}

[

-
[x]

(]

Ny

(]

(¥}

44
44

-
P

[N
=

DL IO )

[t

D)
U

[
D
(28]

iy
D)

[acx)
w7
o

o

DU s

[ S N)

[Ty Iy

[¥s]
[yl
-+

U

7O

Ducn ]
o
<

uw

=
)

e o
¥

.

[}
™
D)

[y

(X2

ud
]

o

o

11

(R

™

14

11

"

23}
(3]

(¥l
M-
-+

(S

[}

Ly ]
i
-+

b
)

(143

P-
o

14

11

L
)

[xx]
—
=

u

D]

[}

Lax]
i

X
=



SChen

FPHYS

02

AL
=

¥4
L
g
w =
=
0
= 4
D
=
[x )

1
HHET

[n ¢

— 0

— A
g

ol

ITLET

-
woE

iy
[

IATE-TIME

X
=

)

[r )
ud

m

-
]

[x 1)

-~

L)
-—

Do)

o

[x]
ux}
[ g
=
D]

-.'"]

L)

s
L]

L]

(8]

.
m

u?

=

(A
[hn )

0

S

1.48 .

2.58

7

-

2.8

L)

w0

try
s

1.48a.

382.9

v}
DN
i)

()

-

[ux)

[

4.8

]
5]

-
15

(¥x]

U
™

']

DU
[}

o

5

o

P —

2.8

]

1.18

Tl
(]



pou]

WY PHOSPHORU

DUTLETLS58 13754

LAKE
TF

KALAMALERA

DATE-TIME

SRP-DP PP PPATF

R TF

DF-TF SEF

P

o
|8

)

m B

D]

[ LA R

.58

0.

o

i

-+

S

3889823.1

n uwy o

DU RN )

WMD) L0

[y}
w

R L R

.44

I LR

[¥x) — T
-t

[P g
P

[x)

™)

-+
)

ud
™)

)

X

)

-

T

0

DA RN A

DUCRR N BN

DOCH T v

-
LYn}

-+
-
—

(]

oD
D]
]

u
™
U
=

us 0a 0

P BUO I

o

r-
-

7]

-

£

i)

0]

(g

u
Do)

[¥%)

[l
]
[¥d]
P

LY i T

A B B

[
[y}

L¥Y]

-

b ol

7




N ~4
!

IUTLET "

HITROGEH

CEET

15

H 119

R

12

e

LARKE

KARLAMALERA

CDATE-TIME

HH$ DIH oM FC

H+H

]
=

HO

HO3

FH

TOH

TH

-~
[
Do)

=
Lyl

D)
|

u

74

211

-
-

Dl

-
[xA)
[Ax]

14

0l

-
()

)

¥

[N s
N

u
u»

[ag}

o
)
™)

L
Dxx)

™)

55

54

3]
uw

U
"

Lo

"~

'p]
)

u

™l

3|

@.1015

16812

J
]

[
b

(¥}
u

u

o

Dyl

'y
us
iy

. 291

166

d

[}

o

ud

[T

L

150}
U

o
o

[}

[xx)
[er}

]

=,
haord
(]

[y

L]

u
o

[y

1@

o
o

m.
[
[
]
0 [
- D
o Cd
M 00
0
T v
— M
0 P
[
ooy
(a1}
-t

212

25

=
[x)]

41

D]

Te)

185

b}

o«

[

[a g8

13

o

L

[

b

[xx}

1

o]

(]

()
]
o

123

]

]

(3
™

s
™

Wk, WM
DAl ™
d 2]
) w0
[ ]
o) 04 0

@ e T I
T vt ot
5 D00 e
i v el
Wk W W
i vt vl e
VR U TR Tp)
ud 0 <+
[V AaY] o]
[T

[0 IR Y]

[ AT BT

-

T

Y]

u

L]

-

i

&}

(328

=

-4

loa]



By b} U] L0 xS [ (a4} a4 w oo [Sx) [a 9 ) T

[ W o fw =t =t U LY TR e ] e S o [T ST B
1T [ Sl n 4 e = - I O 03 00 0D R AT A ST » e ) [0 s I o S s )
. - L] 3 3 » . . - » . . . . .« -« = L) . L] L]
LA = T gy o
(] (¥ (Y] e . o0
" . . . . .

N: DQN/TH DOH-/DH. FCoFH

HITROGEW RATIOS.

= < I [ xR R 0 L0 LD U

\ o LD ORI o 00D O
s T hl P [ I aY AT o) B A IO AT E) vt vt [ DU ] DA
s T ] « s = " s = = 2 s e s s = x w . a
O |
~ =
w
[ e :
O wh b o Ll T [} [
W, [yl il (2] = Ly D]
- T # . . . - .
—
A=
- -
oz
. [ DAY ] 0 o ) WD [ToC TR o o I 0 I ] R AN
z = -4 01— DU ooy B D R - ) [ T T RN
“ ., . . » . . . - » » - . . - ) . - . « » . . )
. oo
o T
b
oL . :
(e ] f- = 000 S o [ I I W ] [ Y I T B W ] [N R O
= = thoOn Tx SO O s [} R e BN LOURLY R SN v) DO Sl ]
", L] L] L] » L] - » - - L] L] . - L] - L] - - - L] - L] "
[
=
= Z
- - L] b ua < i
- T - . . « a .
= 0
Do)
w =
X - o I u 7 L ol
[ o [x] Do) [ex]} . [ax] e
IO Rt - " . " - -
i
T k-
o
et [ um (] [xn) ud u
= P — ) ] o =
T = Tyl = [} [N | u -—
(v mit o . - . " " "
RN fax] [xx] [an} " . [ax] [xx]
11} = i ol ] U d
| [n g3 Ll [T [Tyl (Fu) [
T fux] [\x ) ) [ax) [\ fn)
- [xx] -t L) i i -
[xn) o o [xx} [« [xx}




CHEHM

GEHEEREHAL FHYS

Tl

Turb

K]
D
()

-~

QUTLET

EAHOGAH LAKE

DATE-TIHE

WEE

HWR T

Turhb

Temp O

-
Dex

D)

-

o
[l
i)
)

(x4}

o

[ha

(ax]

M-

[xx]
()]

=
n

]

-
5

uw

by
™

Dox]

o

[xy)

J

(i)
&

-
)

[n a3

™

0D

1.88

—

[
i
@

[xx}

L]

u

3

[

w

1.

=

[ax)

!




b=

307067 N 119 367457
SRPTP

(49

OUTLET

“Wy PHOSFPHORU

SRF . DF

OEAMOGAM LRAEE

DATE/TIME

PP-TP

PP

SRF

LP-TP

oF

™yl

]

L)
D)

. 5@

)

.58

- O

D]

g o0

0 g m

.75

Ly
o

o

.44

gl

218122.1145

= < 04

o 0

D
"o

u

(&)

.48

o

e}

[l
L3
m

=

v
=

[an}

o

b SR B

b oy

4

a8

-
=

(8}

™)

-~

D

Dor)

1
[

o

"
U3
)

0

he AU L

Lo LT B

LD WD WD

-
)

[¥)
3

()

o

D)

DY}

L

Wy Ty 00

Exd e Y

w i I

byl

P

-

e

bl

[}

Do}

[
=

2}




HITEOGEH

W

IGAH LAKE

DEAH

IATE-TIME"

QUTLET .

TOH

HH DIH DOH P

H+H

-
A

HO

TH

[ [m
- [
il Iy ]
T 0] 30
— 0 %
T v 0
[ OU BN «]
LU R
w0ty
o
o B e ]
- -4
" Dy
U b U
(30 IO
. ) ot
v}

)

[

[

L0

(a7

—

[t

—

[

D}

Dhx(]

(xn]

]

14

=

¥}
m

D]

1)

w7l

=

=

P
o

Dr]

13

L1145

’ ™)

(]

1

o

Dx]

L)

1

[y}

U

314

cd

0

-
[

—

]
0

u

[0

e

-t

Do)

[x]

145

18

o

[y

[xn]

[y}

o~

.

Do
(243
D)
¥}
0
s
=

[Wx)

L)
[y}

P~

15

[a) I ¥

uw

[x]

-t

141
162

o -t

U u

O

4 vl

18

e

™
(3

28

1
r

-4

145

d

™

[}
)
Rl

145
14

[ ™

o

<

o) )

[3) Y]

172

e

el

[

Dl

)

e

e

Ty

A

L)
g

W

{xs)

™
fux(]

[}

[

(8]

2y}
(]

u?

D}
-t
™l

128

15

w

ud
[ i)
-

[ao)

]

i

38

(2]
)
d

[



EARTIOS

HITROGEHM.

.~
1
’

M 119 367457 “HI

cae

28

A R

OUTLET

-
“

OFANOGAH LAK

FHsTH HMHsDIH AWM-DIH DINSTH DIH-DH DOM#THW DOH-DN FC-FPH

TDH-TH

DATE-TIME

-t

4

b

2D

[
DY v)

Ly

T
=)

P

D]

[y

=

(x4
=

[ax)

Rnx}

14
14

N D

D]

Do AT

[ Sl )

Fe 0

us
[2.63

fe

0 U
0} vt

-

i w

— )

he ]

oD

w

@

[Ip]

~r
Aol

[2 83

el
e

=

120
0

.19

R

D
[y
[y
Lan]
(54

[xn)

-
(A

18

.86
.63

)
o

P
/]

.08

7

=

o

DOCHN

[T
Dn s

us
D)

]
U

-
(A

ud

w
1T

uwl

-
]

T
17

uw
D)

o
L]

u?

)
D)

-+
[

-

g
P
(¥a]
)
LN
[ux}

[}

hu}

wy
T

o0

[
[ )

Ly}
(x4}
»

U v OO

py
[acx]

[xx]
u

-
o

Dl
)

=
.

[an)

[T
[yl

U

iy
=

-
=

[xx]

-
=
Du

[xx]




I3

o " o il o W P
~ — . . . . .
- i) ) ) (2] [x} -y —

"HEM

v

o O r- o0 oy + 0 o
2 ) . . . Ve . e »
o - ) ’ - ] «+
o

W

o (a3 [xx ) [\
o ) LAx] - LY

EHERHAL
It

I3

Turb

s

“4a

113 34
Turb HWEI
1.48
g
1.38

o D [ [an ) ) = [xv]
+ i o -+ m "W +
A oo - o 0 1+
[nj ) ) (8] (1] [}

ETC45
C

Do ) s [nn] B Ll
P v . . . " S - .
b = o DU T -+ [ —t
o I ) -t | - — )
1 e
L
[y
el
] 1z wl = [ )
T A7) by . -+ -1 i Dy
T o ) T o ) ]
) I — ~— — -~ ~— -~
X e . . N N . .
. [z} [hon) DY I LX) D} uw =

331 Don )

=

") (a1}

"

= 15 Do) = [xx]

DHT;fTIHE
91
1
g
6
1873

[xx] DO o oD [xx] [xn]

—_
I .
Doyl »




.

PHOSFHORUS

SW

4748°

-
i

QG487 "H 119

bl
(=9

a

WWTLET 4

{

SEAHA LAKE

DATE~TIME

FF PF-TP

RP~DF

[4x]

SRF~-TF

DFP DF-TF  SRP

TF

- [Ty

1:

14

o

r-

w

i

[

Dxj

15
15
1&
15

i

1‘-

[ax]
—

)

Tyl
L]

=
7

o

[xn}

T

(3]

[}
[
()]
)
[xx)

o

Rl B o

[V ol T

I~

[ 43
o

.11

Ll

D]

)

'yl

u3

"

e B |

11

11

b
b}

—y

o

-
ox)

-~

11

=
[
[z

)
w2

)

Ii]

[

1.11

M-
()]

I

o

DS AT B

]

)
(]

5
[y}
(37}
L
(]

e

o iR i TR

Dt B CUR

-

o
¥

[ix]

)
[yl

)

ud

-

ua
o

e

D}
[}
-

[y




'

HITREQGZEH
DIH

U

HH4

(xx]

3474

H+H

119

“H

SKAHA LAKE

=2

LM

H

H

FH

TIDH

TH

LDATE-TIME

Din]
I
r--

i ]
DU )
D]

£

(¥«

-
[}

4

[xx]

i

[l
e
[

o
i

]

0

-

L
Dx]

[0}
L)
L

)
iy

[xa)
[

S

11°

W

Dy
)

111

KA
]

112

[an
[¥s]

™)

11z

-

]
)

LIRS
gy

ot

D)
[x 1)

)

)

ua
[xn )

o
-
T
[ 9w 1Y
in Qo
—
\a o

LU |

)

U u
oo
—

B

)

™)

-
b

o

(LU

v

u
u?
(8}

u
D)

.
i
[x]
(]

Y

o

-—
-
Lo

(21
[

11

[x 1)

u
e

~—
[xx]
ul
—
[x g
-
-+
—
(X))
-t
[ar B |
0 0
—
[x]

W
—
DS Y ]

Lo
)

i1

3]

™y
w

byl
=
i

o
o
™

T &

k=

T

=
W
l:lil v—!

wd (X
) 0y

I
-

u

)
o
—t

¥y

o

o
50

-
(%)

™y

]
) WO
83}

Dy

o

uo
o}
L
[xx)

o

1™
ua

o
u
[y}

Y]

g
u

D}
by
(8]

)

u

u
(g}
by |

Uy

[yl
uw

Y
™

Dax]
(283
o)

ML

[nx]



[

ATIOS

R

MITROGEN

347487 W)
FH-TH HM~<DIM AM<DIN DIM-TH DIM<DN DON~TH.Di

287487 "H 119

OUTLETC43

TDH~TH

SKAHA LAKE

DATE-TIME

FCoFH

1N DN

o L0
) o~

I
[= 49

.88

=
(7]
[y
[x )

T
DA

o

o
Lo

.14
.89

w61

.19
.14

0
o

[

Dy
o™

o
[}

.9

=
by}

™)
D}

0

O

[

— - 0
[ S0 O

r-

i
(x4

[ S s R Y N BN
DARDEDA

DU BRI Ty

[ 0 P~

03 J

DT I B

P
b

Lo
[

iyl
0

.18

v
s

.14

-
r)

[y

ol
r-

)

m
™y

-

0
[ 2}

i
D

[Tx]

-
[a a3

-
=

[

[xx]
T

i
=

-
]

[yl
e

3]

-
[

[

b
T4

ud
D)

(=03

nuw o

Do I s B )

— 5
M- w3 U

O % WO

[T T

us
(]

o
[

u
o

Dy

o
b
[

-
[
[
-

]




APPENDIX I (Continued)

The following tables contain the data for water
samples collected from stations vithin the Shingle and
Vaseux Creeks qrainage baéins which were extensively
sampled by OBIB. Our. sampling only occurred on two
dates, however: one in autunin, 1980 and one in spring,

1981.

No. Location

Shingle Creek Drainage. Basin

Shingle Above Rogers‘Rﬁnch
Shingle Below Rogers Ranch
Shatford @ Hydrometric Station
Shat ford Above Fork @.Briage
Shihglé @ Lumber.Mill

LN W N =

Vaseux Creek Drainage Basin

MacIntyre
Upper Vaseux

Wabash

O 00 ~N O

_ Vaseux @ Water Survey
10 Vaseux @ Highway 97
11 Under Down
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APPENDIX II

BAP and BAN Contents

Based on the 10 Year Average Discharge
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. APPENDIX III
Areal Yield Estimates for "Natural" Runoff

To estimate areal nutrient'yields from natural runoff, the énnual

nutrient export from undisturbed tributaries were divided by the

drainage_basin areas. Although there are no tributériesfcompletely

free of cultural activity, there were U4 considered to be unaffected

'except for logging activities and small reservoir constfuction. The

four tributaries chosen were upper Vernon, Mission, Lambly and

Vaseux Creeks. The hyarologicAbecdrd for each station was not very
satisfactory With no sémpiing site being cqincident with hydrometric
station. "The amount of logging waé also a problem in that the area
logged in the last 10Ayears varied cohsiderably.‘

2

The,annual_area yields varied between 4,3 add‘23,kg-km- for

phosphorus and between 37 and -72 k’g'km_2 for nitrogen (Table 11).

These yiélds mﬁst'be‘ﬁbeated as extremely preliminary énd“brobably .
ﬁndereétimates due to the low nﬁmber of sampling dates and the lack
of samples duriﬁg,rain.gtofm eVehts‘aﬁd peak f10w§ during snow |
melt. Compaped to yiglds in.qther'areas df‘Nofth Ameficg, tpesé

Okanagan tributaries are very low for both P and N. TP yields




[ o

elsewhere are generally above 20.kg'km-2°yr'1‘except for
forested areas on the Canadian Shield (Dillon and Kirchner, 1975).
. . } -
In an extensive review of the literature Reckhow (1980) found no TN

yields below 130 kg'km-e'yr"“1 for forested drainage basins.

In contrast the highest value obtained here was 72

'kg-km'2°yr'1. The extremely low nitrogen yields result in a

BAN/BAP ratio in the exporﬁ of 6.4 which would lead to nitrogen

limited lakes in the natural precultural situation.

‘R N - A Ea
i




‘"Naturaiﬁ annual nutrient'yields.'

 Areal Yield '_ Areal yield

Tributary Area kg-km-2 : kg-km'Zr
km2 TP ™ BAP _ BAN
Upper Vernon . 127 4.3 37A_ ' '.‘3.3 22
Mission 873, 23 2 9.6 52
Lambly 272 8 57 5.3 36
Vaseux 255 7.5 M9 . 3.7 29
Average 10.7 - 54 5.5 35
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