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ABSTRACT

Project Rain {Reversing Acidification 1In WNorway) is a S-year
international research project aimed at investigating the effect on
water and so0il chemistry of changing acid deposition to whole
catchments. The project comprises 2 parallel large-scale experimental
manipulations -- artificial acidification at Sogndal and exclusion of
acid rain at Risdalsheia.

The general trends in water chemistry caused by the treatments
continued in 1986, the third year of treatment at both Risdalsheia and
Sogndal. At Sogndal catchment S0G2 about 307 of the added sulfate left
in runoff in 1986 (up from 157 in 1985). At catchment S0G4 about 407
of the added sulfate and 10 7 of the added nitrate left in runoff in
1986; both figures are up from 1985 and 1984. The increase in strong
acid anions in runoff was accompanied by increases in concentrations
of base cations (50/) and decrease in alkalinity {(50/). F-factor at
both catchments was about 0.5.

At Risdalsheia the input-output budgets show increasing effect of
acid-exclusion at KIM catchment. In 1986 the flux of sulfate in
runoff at KIM was only 507 of that at EGIL, the roofed control
catchment. Volume-weighted concentrations of most ions were lower in
runoff at KIM than at either EGIL or ROLF (open reference catchment).
Net loss of sulfate from KIM after 2 1/2 vears of treatment now totals
about 35 meq/mz. Prior to treatment the soils contained 14 meq/m2
adsorbed sulfate and 90 meq/m2 water-soluble sulfate. Net 1loss of
sulfate amounts to about 1/3 of the readily-available sulfate in soils
at KIM.

Due to a technical failure in the ion-exchange system in November
1986, KIM catchment received a batch of hydrochloric acid with pH
below 4. Both chloride concentrations and pH in runoff responded
rapidly. This episode significantly affected the alkalinity budget
but not the sulfate budget.

Runoff at KIM appears increasingly influenced by organic acids. The
removal of strong acids by treatment has resulted in higher pH and
increased dissociation of organic acids. Ion balance calculations
indicate that these have a maximum charge density of about 4.5 peq/mgC
and pK of about 4.2.

[



PREFACE

A large number of individuals and institutes have cooperated in the
RAIN project in 1986. The project scientists in 1386 include N,
Christophersen, E. Lotse, E. Gjessing, H.M. Seip, A. Semb, and R. F.
Wright. Technical staff includes S. Andersen, H. Efraimsen, R,
Hegherget, T. Mindrebe, A. Rogne, B. Sletaune, and R. Storhaug. NILU,
NIVA, and SI and the Department of Soil Sciences, SLU, provided
technical support.

The RAIN project would not be possible without the generous

cooperation of landowners at both sites. We thank N. Knagenhjelm,
Sogn Televerk and Arendal Televerk for permission to use private
roads. N. Dalaker, H. Haukds, and A. Risdal provided local
assistance.

Financial support in 1986 came from the Norwegian Ministry of

Environment, The Roval Norwegian Council for Scientific and Industrial
Research, the Ontario Ministry of the Environment, Environment Canada,
and the Swedish National Environmental Protection Board, and from
internal research funds from NIVA and NILU.

Iin 1888 several auxiliary projects were associated with the RAIN
prodject {Appendix 1)}. These include a study of water movement at EGIL
catchment funded by the Norwegian Hydrologic Committee (M. Hauhs,
NIVA, principal investigator), three projects financed by the Surface
Water Acidification Programme (SWAP) {The Roval Society, the
Norwegian Academy of Science and Letters, and the Royal Swedish
Academy of Sciences), modelling the acidification oprocess (N.
Christophersen, SI, principal investigator), weathering studies in
conjunction with the RAIN project (R. Wright, NIVA, and E. Lotse, SLU,
co-principal investigators), and natural organic acids (E. Gjessing,
NIVA, principal investigator), a study of aluminum in soils financed
by the Electric Power Research Institute, USA, (EPRI) (R.A. Parnell,
Northern Arizona University, principal investigator), fish toxicity
tests financed by the Central Electricity Generating Board, UK, (CEGB)
{R.F. Wright, NIVA, principal investigator}, and heavy metals in soils
and vegetation financed by the Royal Norwegian Council for Scientific
and Industrial Research - {NTNF) and the Swedish Envrionmental
Protection Board (SNV} (E. Steinnes, \University of Trondheim,
principal investigator).



INTRODUCTION

Vigorous efforts to obtain reductions in the emissions of acidifying
compounds 802 and NOx to the atmosphere are in part based on the
premise that such reductions will restore acidified waters. The
magnitude and rate of response of natural ecosystems to changes in
acid loading is, however, not well known, largely because such effects
have been difficult to document 1in the absence of large-scale
reductions. Project RAIN (Reversing Acidification In Norway), a S5-year
international research project, comprises two parallel experiments in
which the response of soil and runoff chemistry to changes in loading
of strong acids from the atmosphere are studied (Wright 1985, Wright
and Gjessing 1986, Wright et al. 1986}). The RAIN project builds on
short-term pilot-scale experiments conducted in Norway by Seip et
al.{197%) and Christophersen et al. {(1982). The project provides
information on reversibility of acidification, rate of response and
tafget loadings.

At Sogndal, a “clean"” area in western Norway, we are acidifying two
pristine catchments by addition of sulfuric (S0G2) and a 1:1 mixture
of sulfuric and nitric acids (S0G4), respectively (Figure 1, Table 1).
At Risdalheia, an acidified area in southernmost Norway, we have
excluded acid precipitation from a small catchment (KIM) by means of a
roof and are watering with clean precipitation beneath the roof
{Figure 1, Table 1).

Project RAIN is a 5-year study and began in June 1983. The project
plan «calls for approximately one year of pre-treatment data, 3 years
of treatment and 1 vear of post-treatment recovery data. The first
year was devoted to selection of sites, collection of pre-treatment
data, and design, construction and installation of roofs, watering
systems, weirs and sampling devices. The scilentific program currently
includes measurements of precipitation volume and chemical
composition, soil chemistry, and runoff volume and chemical
composition. The RAIN project design, organization, site descriptions
and results obtained through 198% are described in the annual reports
for 1984 (Wright 1985) and 1985 (Wright and Gjessing 1986). The first
year's results were presented at the Muskoka '85 conference (Wright et
al. 1986}). We report here results obtained in 1986, the third year of
treatment.



Figure 1. Location of the experimental catchments in project RAIN.
Areas within the pH 4.7 isoline receive precipitation with a yearly
weighted-average pH below 4.7.
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Table 1. RAIN project. Overview of the experimental catchments and

treatments.
Sogndal. Acid addition experiments.
Catchment Treatment Area
50G1 control 96300 m°
50G2 H, 50, 7220
S0G3 control 43200 mz
50G4 H, SO, +HNO, 1940 n’

Risdalsheia. Acid exclusion experiments.

Catchment Treatment Area Volume, runoff
tank
KIM roof, clean rain 860 m’ 0.39 mm
EGIL roof, acid rain 400 w’ 0.93 mm

ROLF no roof, acid rain 220 m2 1.62 mm




TREATMENTS

Seagndal. At Sogndal treatments continued in 1986 using the same
procedures as in 1984 and 1985 (Wright 1985, Wright and Gjessing
1986). The acid dose in 1985 was 100 meq/m2 as in 19895 and added to
the snowpack and in 5 episodes during the summer {Table 2).

Risdalsheia. Treatments continued at Risdalsheia in 1986 by the same
procedures as in 1984 and 1985. A  summary of major changes in

operations is given in Table 3.

METHODS NEW FOR /986

Carbon dioxide in soil air, CO2 measurements at Risdalsheia were
continued during the snow-free season in 1986 at monthly intervals.
Measurements again show elevated C02 levels with maximum during August

{Figure 2). Several measurements at EGIL recorded off-scale. CO2
pressures appear to lie in the range 5-10 times atmospheric during the
summer. These data are collected for use with predictive

acidification models such as MAGIC.

Spil depths st Sogndal catchments. In 1986 the soil depths at S0G2 and
S064 were measured. Depth was measured at 2-m intervals along
transects running across the catchments. These data provide the basis
for calculation of average soil depth, which when combined with the
physical and chemical data given by Lotse and Otabbong (1986) give
estimates of total soil mass and amounts of chemical components in the
soils {Appendix 3}.

Hydrologic measurements at Sogndal. Again in 1986 it was necessary to
estimate various components of the hydrologic budgets for the Sogndal
catchments. Measurement of both precipitation volume and runoff volume
at thé Sagndal catchments has been difficult since the start. There
are substantial local variations in precipitation especially with
elevation. Measurements at Haukds farm at 500 m elevation are not
always representative for precipitation at the catchments at 900 m.
For the winter periiod 851102-860618 we have discharge records,
snowpack surveys taken April 1986, and measured weekly precipitation
at Haukds (Table 4). Together these data indicate that discharge
measurements at SOG4 are greatly in error {(snowpack 384 mm, runoff 827
mm) and that precipitation at Hauk8s underestimates precipitation
input at the experimental catchments. We thus assume that S0G1
discharge is accurate {458 mm ) and equal to the discharge in mm at



Table 2. summary of Sogndal treatments through 1986. The acid dose reported
previously for 1985 (Wright and Gjessing 1986) was incorrect.

Catchment SO0G2.

Pre-treatment Acid application|Post-treatment| Acid dose meq/m2
Date Time mm Time mm Time mm i SOA NO3
840401 to snowpack 0,01 25.0 25.0 0
840828 1200-1350 3.9 1353-1835 11.0 [1840-1910 1.0} 11.2 11.2 O
840912 1420-1520 2.2 1520-2005 9.8 12005-2045 1.7 11.2 11.2 O
840926 0720-0820 2.2 0820-1310 11.0 |1320-1430 1.9] 11.2 11.2 O
841002 0715-0810 2.2 0810-1255 11.0 |1255-1350 2.2} 11.2 1.2 O
(total added in 1984 meq/m’: H' 69.8, 3.2 Na, 0.2 K, 1.0 Ca, 0.7 Mg,
3.2 Cl1, 69.8 SO‘; 60 mm Hzo)
850329 to snowpack 0.01 45.0 45.0 0
850611 1335-1405 1.1 1410-1900 11.0 }1930-2035 2.1} 11.2 11.2 O
850821 0800-0900 2.2 0915-1415 11.0 none 11.2 11.2 0
850821 none 1630-2100 11.0 none 11.2 11.2 O
850828 1030-1125 2.2 1125-1655 11.0 }1655-1735 1.9} 11.2 11.2 O
851001 none 0645-1145 11.0 none 11.2 11.2 0
(total added in 1985 meq/mz: u* 101.0, 2.4 Na, 0.1 K, 0.7 Ca, 0.6 Mg,
1.7 €1, 102.¢6 504; 61 mm HZO)
860325 to snowpack 0.01 45.0 45.0 0
860619 none 1030-1515 11.0 }1515-1600 2.1} 11.2 11.2 O
860819 0800-0820 2.2 0820-1250 11.0 {1250-1335 2.2] 11.2 11.2 O
860820 0620-0720 1.8 0740-1220 11.0 ]1220-1335 1.0} 11.2 11.2 O
860903 0620-0720 1.8 0720-1200 11.0 ]1200-1235 1.5] 11.2 11.2 0
860930 1410-1500 1.4 1500-2010 11.0 none 11.2 11.2 O
{total added in 1986 meq/mz: g 101.0, 2.7 Na, 0.1 K, 1.4 ca, 0.7 Mg,
2.4 C1, 103.0 SO, ; 68 mm H_O)
| | M 2




Table 2 {(cont.)

Catchment S0G4.

Pre-treatment | Acid application |Post-treatment| Acid dose meq/m2
Date Time mm Time mm Time mm g 804 NO3
840402 to snowpack 0.01 25.0 12.5 12.5
840829 0730-0840 2.6 0840-1325 11.2 1325-1400 0.5 11.2 5.6 5.6
840912 0730-0830 2.6 0830-1310 9.6 1315-1350 1.4 11.2 5.6 5.6
840926 1405~-1450 1.8 1450-1935 11.2 1935-2010 1.8 11.2 5.6 5.6
841002 1400-1445 2.0 1445-1930 11.1 1930-2010 2.0 11.2 5.6 5.
(Total added in 1984 meg/m’: H' 69.8, 3.1 Na, 0.2 K, 1.0 Ca, 0.7 Mg,
3.1 Cl, 33.6 SO‘, 22.4 NO3; 58 mm Hzo)
850329 to snowpack 0.01 45.0 22.5 22.5
850612 0B15-0855 1.8 0930-1400 10.8 1410-1435 1.7 11.2 5.6 5.6
850822 none 0950~1450 10.8 1450-1550 2.0 11.2 5.6 5.6
850823 none 0715-1115% 10.8 1115-1215 2.0 11.2 5.6 5.6
850827 1400-1500 1.8 1505~-1930 10.8 1930-2030 1.8 11.2 5.6 5.6
851001 none 1235-1735 10.8 none 11.2 5.6 5.
(Total added in 1985 meq/mzz g 101.0, 2.5 Na, 0.1 K, 0.7 Ca, 0.6 Mg,
1.8 CL, 52.3 504, 50.5 Noj; 65 mm HZO)
S to snowpack 0.01 45.0 22.5 22.5
860619 1700-1745 1.7 1745--2200 10.1 2200-2300 2.2 11.2 5.6 5.6
860819 1700-1745 1.7 1745-2200 10.3 2200-2300 3.0 11.2 5.6 5.6
860803 1500~-1540 2.0 1540-2020 11.0 |2020-2105 2.0 11.2 5.6 5.6
860902 1450-1545 2.0 1545~2025 11.0 [2025-2115 2.0 11.2 5.6 5.6
861001 0630-0715 1.4 0715-1320 11.0 1320~1405 1.8 11.2 5.6 5.6
{Total added in 1986 meq/mzz 1 101.0, 2.9 Na, 0.1 K, 1.5 Ca, 0.7 Mg,
| 2.6 C}, 52.1 804, SOiG NO3; 73 mm H20)
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10

3. Risdalsheia. Major changes in operation

August 1984

Date Operation
23 March 1984 Runoff volume measurements begin at KIM and EGIL
13 June 1984 Treatment begins at KIM and EGIL

New dam at EGIL; all runoff now collected

31 October 1984 Runoff measurements begin at ROLF
19 December 1984 Sprinkler systems closed for winter at EGIL and KIM
29 April 1985 Sprinkler systems opened again at EGIL and KIM
27 July 1985 New dam at KIM; all runoff now collected
15 ©November 1985 Sprinkler systems closed for winter at EGIL and KIM
10 May 1986 Sprinkler systems opened again at EGIL and KIM
12 December 1986| Sprinkler systems closed for winter at EGIL and KIM
0.7
0.64
>0.3
. . EGIL
E 05 M‘.
* 0.4
o
O 0.31
0.2+
0.1
0 Y
Al M D
Figure 2. CO2 content of soil air (mean and standard deviation of 3

samples) at the Risdalsheia catchments during the snow-free season
1986. Atmospheric CO2 level is 0.035 %.
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S0G2,  S063 and S0G4, and that precipitation inputs to all catchments
also equals 458 mm {(Table 4). For the summer period 850519-861112 we
again assume that discharge at S0G1 is correct, that
evapotranspiration is 100 mm and obtain estimates of the natural
precipitation inputs to the «catchments {441 mm measured at Hauk3s;
estimated to 499 mm at site).

Chemical budgets Sogndal. Inputs of major ions from precipitation at

Sogndal is again estimated in 1986. First the volume of precipitation
is obtained as described above. Then the chemical concentration
measured in precipitation at Haukds are used to obtain fluxes.
Finally the fluxes are multiplied by a factor such that Cl inputs
equal Cl outputs for the vear. This procedure assumes that the
topographic gradient in precipitation volume 1is accompanied by a
gradient in chémical concentration. The corrections are largest for
the seasalt components.

Dry deposition at Risdalsheia. Dry deposit at Risdalheia was estimated
by the same procedure used previously {(Wright and Gjessing 1986). Dry
deposit of seasalts is obtained for EGIL and ROLF catchments by
assuming C1 inputs equal Cl outputs. Dry deposit of S and N compounds
are obtained from data from the nearby Birkenes catchment (SFT in
press). Daily mean concentration of 502 gas in 1986 was 0.7 pg/mg; 504
particles were 0.8 ug/mg; NO2 gas was 1.1 ug/m3. When combined with
deposition velocities of 0.7, 0.4, and 0.25 cm/s, this vields dry
deposit of 10, 6, and & meq/mzlyr for SO2 gas, SO‘ particles, and NO2
gas, respectively (Table 5).

SITE VISITS AND MEDIA COVERAGE IN 1986

The RAIN project continues to attract an unusually high level of
attention among scientists, environmental managers, politicians, media
andthe public. There was a steady stream of visitors to Risdalsheia
in 1986 {Appendix 1). Visitors included scientists from Norway,
Sweden, West Germany, UK, USA and Canada. The European Common Market
held a workshop on Reversibility of Acidification in June 1986 at
nearby Grimstad; RAIN project played a central role.

In 1886 RAIN project scientists served as advisors for comparable
large-scale manipulation experiments under planning elsewhere in
Europe and in North America. H.M. Seip acts as external reviewer to
the US Environmental Protection Agency’'s new Watershed Manipulation
Program. R. F. Wright and R. Hegberget participated in a workshop in
Canada at which possible future experiments in Canada were discussed.
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Table §. SO2 gas, particulate, and

measured at

304
Birkenes

NO2 gas concentrations

{daily mean values) and estimated dry

deposition of SO4 and N03. Deposition velocities used are 502 gas
0.7 cm/s, SO4 particulates 0.4 cm/s, and NO2 gas 0.25 cm/s. Data
from SFT (1985), SFT (1986), and SFT (in press).

S0, gas SO‘ part. NO2 gas

conc. dep conc. dep conc. dep

3 3 2
Year ug/m meq/mzlyr ug/m meg/m /yr ug/m3 meq/mzlyr
1984 0.7 10 1.3 10 1.1 6
1985 0.7 10 0.9 7 0.8 5
1986 0.7 10 0.8 b 1.1 6
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Both UK and West Germany have recently expressed interest in similar
large-scale experiments.

Risdalsheia was again visited by both Norwegian and British
policymakers in 1986. At such visits the very latest results are
presented to decisionmakers directly by the scientists actually doing
the research.

The public continues to express great interest in the RAIN project.
The enclosures at Risdalsheia offer an excellent pedagogic example of
environmental research.

RAIN project results are also brought to the public directly through
frequent national and international coverage on television, radio and
the press. In 1986 the project was discussed in news sections of the
scientific journals Nature and New Scientist.

NEW RESULTS IN 1986

Sogndal

At Sogndal 1986 was the third year of acid addition. Acid dose in
1986 remained at 100 keq/kmz. In 1986 runoff showed clear indications
of chronic acidification in addition to the acid episodes which occur
immediately following acid application. Catchment S062 (HZSO‘) had
negative alkalinity throughout the summer of 1986. Sulfate
concentrations were also clearly higher than at the control catchments
(Figure 3); '

Input-output budgets also show contiued and increasing change in the
chemical composition of runoff at the treated catchments (Tables & and
7). Relative to the mean of the 2 control catchments SO0G1 and SO0G3
runoff at S0G2 {sulfuric acid treatment) had higher levels of the base
cations’ €a and Mg, the acid cations H' and Al, and sulfate while
bicarbonate flux was reduced {(Table 7). Runoff at SOG4 {sulfuric plus
nitric acid treatment) also showed these differences and in addition
elevated nitrate levels (Table 7).

At both S0G2 and SOG4, however, at substantial fraction of the added
acid is still retained in the catchment. At S0G2 about 3071 of the
added sulfate (557 of the total sulfate inputs -- natural plus added)
left the catchment in runoff in 1986, up from 157 in 1985 and 2071 in
1984. At SOG4 about 407 of the added sulfate and 107 of the added
nitrate left in runoff. Again these values are up from 1985.
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Sogndal
pH H* keg/km?
25 11111111 25 11 11111111 a5 11 111111
¥ ity \ A | by Y v
7/ (-~ SOG3 control
SOG4 H,S50,+ HNQ;' Vo
V5062 H,50, i
1983 1984 ! 1985 1986
300
S04 pegf! .
4 S0G4 H,S0, + HNO,
200+
1
1
4 H
S0G2 Hgso‘,‘.‘
100-] {
S0G3 comroi‘»_v “\'
| PN e '\ _,..’V ‘\
0 g 1983 1984
NO; peg/!
SOG4 H,S50,4 + HNO;
200+ ) L
100 L
i SOG2 H,S0, l L h h h
o . S0G3.x e l .
1983 1984 1985 1986
Figure 3. pH and concentrations of sulfate and nitrate in runoff from
catchments S0G2, SO0G3 and S0G4 at Sogndal over the period June
- November 1986. Treatments began

1983
in April 1984 with the acid
addition to the snowpack. Acid additions are indicated by arrows.
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Table 6. Input-output budgets for water and major ions at the Sogndal
catchments for the periods 831115-841113 (1984), 841114-851101
{1985), and 851102-861112 (1986). Precipitation inputs have been
corrected such that inputs equal outputs for Values thus
differ somewhat from those in Wright and Gjessing (1986). Units:

- H20 in mm; ions in meq/mzlyr.; TOC in g C/mzlyr; 5102 in g
Siozlmzlyr.
- 1984 -
S0G1 S062 S0G3 SOG4
control HZSO‘ control sto4 w HNO3
- In Out In Out In Qut In Out
HZO 1126 1026 11886 1086 1128 1026 1186 1086
H 22 2 89 g 22 4 92 4
Na 81 90 84 64 81 80 84 55
K 7 " 7 4 7 2 7 2
Ca 10 21 11 24 10 21 11 28
Mg 18 i5 17 14 18 19 18 13
Al - 1 - 3 - 0 - 1
NH‘ 10 6 10 3 i0 1 10 1
NO3 10 2 11 A 10 2 L5 4
Cl 91 91 95 65 91 85 94 62
SO4 35 29 105 43 35 25 70 28
HCO3 1] 15 0 5 g 1 0 7
¥ 148 1486 218 121 148 127 222 104
. 136 138 211 113 136 113 209 101
T0C - L. 4 - 2.7 - 0.8 - 2.9
5102 - - - - -~ - - -
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Table 6. {cont.} Fluxes.

- 1985

S06G1 S0G2 S0G3 SOG4

control sto‘ control sto‘ + HNO3

In Qut In Qut in Qut In Qut
H O 928 828 991 891 928 828 991 891
H 14 2 116 4 14 1 116 4
Na 30 29 32 28 30 21 33 37
K [ 2 5 2 4 1 5 1
Ca 4 13 5 20 & 13 5 18
Mg A 7 4 10 4 7 & 8
Al - 0 - 2 - 0 - 0
NH4 ) [ 6 0 6 0 6 1
NO3 1 1 T 1 7 0 59 1
Cl 24 24 26 23 24 21 22 23
SO‘ 15 18 118 34 15 18 66 21
HCO3 g 11 g 2 1] 4 0 6
[+ 62 58 168 64 62 49 169 69
i L6 5% 151 59 46 £3 147 51
TOC - - 1.4 - - 2
SiO2 - 0.7 - 1.2 - - 1.




Table 6. (cont.}) Fluxes

- 1986

5061 5062 $063 SOG4

control HZSO4 control HZSO‘ + HNO3

In Out In Out In Qut In Qut
H20 “g57 857 1025 325 957 857 1030 930
H 11 1 112 7 11 1 112 6
Na 21 28 25 32 21 26 26 27
K 6 2 6 2 6 0 6 2
Ca 3 15 4 26 3 15 5 25
Mg 5 7 6 13 5 7 6 10
Al - 0 - 2 - 0 - 1
NH, 7 a 7 0 1 0 7 1}
No3 5 1 5 1 5 i 55 6
c1 24 24 26 31 24 23 26 24
s0, 19 23 122 53 18 20 71 42
Hco3 ] 3 i) 0 0 3 0 1
¥ 53 53 160 82 53 49 162 71
i 48 50 153 85 48 46 152 73
TOC - - 1. - 0. - 1.
sio, - - 1.5 - 1. - 1.7
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Table 7. Volume-weighted mean concentrations in wet precipitation (IN)

and runoff

(out)

at the Sogndal catchments during

the

years

1984

(831115-841113), 1385 {8461114-851101) and 1986 (851102-861112}.
Units: peq/l; mgC/1; mgSiOZIl.
- 1984 -
S0G1 S0G2 S0G3 SOG4

In Out In Out In Out In Out
H O 1126 10286 1186 1086 11286 1026 1186 1086
H 20 2 75 8 20 4 78 4
Na 12 88 11 59 12 T4 11 51
K 6 11 6 4 4] 2 6 2
Ca 9 20 9 22 9 19 9 26
Mg 16 15 14 13 16 17 15 12
Al - 1 - 3 - 0 - 1
NH4 9 6 8 3 9 1 8 1
NO3 g Z g 4 9 2 38 [A
Cl 81 89 80 60 81 78 79 57
SOL 31 28 89 40 31 23 59 26
HCO3 0 15 ] 5] 0 1 0 6
* 132 143 183 112 132 117 187 97
h 126 134 178 109 126 104 176 93
T0C - 4.3 - 2.5 - 0.7 - 2.7
SJ.O2 - - - - - - - -




Table T7{cont.).

Weighted-mean concentrations.
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- 1985 -
S061 5062 S063 SOG4
In Out In Out In Out In

H0 | 928 828 991 891 928 828 1030 3930
H' 15 2 117 4 15 1 109 6
Na 32 35 32 31 32 33 25 29
K 4 2 5 2 4 1 6 2
Ca 4 16 5 22 4 16 5 21
Mg 4 8 4 11 4 8 6 11
Al - 0 - 2 - 0 - 1
NH, 6 5 6 0 6 0 7 0
NO, 8 1 7 1 8 0 53 6
c1 26 29 26 26 26 25 25 26
so, 16 22 119 38 16 22 69 45
Heo, 0 13 0 2 0 5 0 1
* 65 68 169 72 65 59 158 76
i 50 65 152 67 50 52 147 78
ToC - 1. - 1.6 - 1.0 - 1.
sio, - 0.8 - 1. - 1.0 - 1.
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Table 7{cont.).

Weighted-mean concentrations.

- 1986
S0G1 S062 S0G3 S0G4

In Qut in Out In Out In Qut
H, 0 957 857 1025 925 957 857 1030 930
H 11 1 108 8 11 1 109 6
Na 22 33 24 35 22 30 25 29
K 6 2 6 2 6 0 6 2
Ca 3 18 4 28 3 18 5 27
Mg 5 8 6 14 5 8 6 11
Al - 0 - 2 - 0 - 1
NH, 7 0 7 0 7 0 7 0
NO, 5 1 5 1 5 0 53 6
c1 25 28 25 34 25 27 25 26
S0, 20 27 119 57 20 23 69 45
HCO, 0 4 0 0 0 4 0 1
* 54 62 156 89 54 57 158 76
- 48 60 149 g2 48 54 147 78
T0C - - 1. - 0. - 1.
sio, - 1, - 1. - 1. - 1.
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The changes in flux in runoff at the treatment catchments relative to
the control catchments indicate that in 1986 about 507 of the change
in mobile acid anions (sulfate plus nitrate) was accompanied by
increased levels of base cations (Ca plus Mg} while 507 was
compensated by decreased alkalinity (defined as difference between sum
of strong acid anions and sum of base cations) (Table 6). The F-factor
for both catchments in 1986 was thus about 0.5.

Risdalsheia

At Risdalsheia runoff in 1986 (hydrologic year 15 November 1985 - 18
December 1986) from the acid-exclusion catchment (KIM) had the lowest
concentration of sulfate vyet measured in the experiment (Figure 4).
The difference in sulfate concentrations between EGIL catchment
funtreated control roof) and KIM catchment continued to increase in
1386. KIM runoff now contains only 507/ as much sulfate as does EGIL
runoff (Figure §5). The difference in pH between the 2 catchments,
howver, continues to be small.

In 1986 water flux at the roofed catchments was about 1/2 that at the
unroofed ROLF catchment (Table 8b). The difference is due to (1) much
higher snowfall outside relative to that made artificially at KIM or
tranported under the roof at EGIL, (2) insufficient capacity of the
watering systems to accommodate events with high rainfall, and (3)
several technical failures of the watering system during the summer
half-year. Evapotranspiration obtained by difference in the hydrologic
budgets was 200 mm at EGIL, 135 mm at KIM, and 130 mm at ROLF.

Input-output budgets Ffor 1986 at the Risdalsheia catchments show
increasing effects of the treatment at KIM catchment. Sulfate flux and
weighted-average concentrations in runoff at KIM in 13986 were lower
than during the first 1 1/2 years of treatment 13 June 1984 - 14
November 1985 (Table 8a,b). At KIM in 1986 sulfate inputs were
estimated to 24 meq/mzlyr (8 wet and 16 dry) while outputs were 37
meq/mzlyr. These low fluxes contrast with the fluxes at the roofed
control catchment EGIL (63 meq/mzlyr in and 176 meq/mzlyr out}) at
about the same water flux. In 1986 the flux of sulfate from KIM
catchment was only 507 of that at EGIL. At ROLF catchment with about
2 times greater water flux the fluxes of sulfate were substantially
higher at 132 meq/mzlyr in and 150 meq/mzlyr out (Table 8b).

Volume-weighted average concentrations of most ions were lower in
runoff at KIM relative to EGIL in 1986 (Table 9b). Largest relative
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Risdalsheia
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150
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Figure 4. pH and roncentrations of sulfate and nitrate in runoff from
KIM and EGIL catchments at Risdalsheia over the period October 1983

- December 1986. Treatment began in mid-June 1984 (arrow).
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RAIN project. Effect of reduced sulfur deposition.
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Figure 5. Monthly-average concentrations of sulfate in runoff at KIM
and EGIL catchments. Hatched area in top panel indicates the
effect of the treatment. Bottom panel shows the concentration at
KIM relative to EGIL in %. Concentrations at KIM have decreased by
about 50 % during the first 2 1/2 years of treatment.
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Table 8a.

Input-output
KIM catchments for the 11/2

budgets for water and maijor lons at EGIL and
year treatment period 13 June 1984 - 14

November 198%5. Units: meq/mz; NLAL mgAl/mZ; T0C gC/mz. See text for
details.
1984-85
EGIL KIM
Input out input Qut
Wet Dry Total Wet Dry Total
marine Acid gases
part. part.

HZO (mm)]| 1346 1092] 1102 835
H 64 0 2 23 89 102 10 25 35 72
Na 65 32 0 0 97 91 61 32 93 77
K 6 1 0 ] 7 8 1 1 2 6
Ca 12 1 0 0 13 15 3 1 4 11
Mg 16 7 0 0 23 24 14 7 21 14
Al 0 0 0 0 o 18 0 0 0 i1
NH4 57 0 & 0 63 16 0 6 8 6
NO3 50 0 0 8 58 32 1 8 9 6
c1 70 38 0 0 108 108 72 38 110 104
SO‘ 886 4 8 15 113 115 8 27 35 58
Org.anion o 0 0 0 0 18 0 0 0 28
* 220 &1 8 23 292 274 89 72 161 197
) 206 42 8 23 279 213 81 73 154 196
NLAL 229 238
T0C 12.7 15.5




Table 8b.

26

Input-output budgets for water and major ions at EGIL, KIM
and ROLF catchments for the
1986. Units: meq/mz; NLAL mgAl/mz; T0C gC/mz.

period 15 November 1985 -

18

December

See text for details.

1986
EGIL KIM ROLF

—Input—— Qut|—Input Out Input Out

Wet Dry Total Wet Dry Total Wet Dry Total
Hgo (mm) {771 570§727 592]1516 1388
H &7 17 64 50| 15 17 32 451100 17 117 129
Na 27T 2% 48 54] 47 21 68 541 71 83 154 140
K 2 0 3 6 2 0 2 5 5 2 7 6
Ca 6 1 7 11 3 1 4 8] 14 4 18 28
Mg 9 5 4 16 9 5 14 121 19 19 38 41
Al 0 0 0 10 0 0 0 6 0 0 0 16
NHA 27 3 30 19 1 3 4 71 61 3 64 19
NO3 27 6 33 22 0 6 6 9] 62 6 T4 40
Cl 39 24 64 64] 55 24 79 70] 84 97 181 181
SO¢ 45 16 63 | 76 8 16 24 371107 10 132 150
Org.anion O 0 0 5 0 0 0 19 0 0 0 8
£t 119 &7 166 [166] 77 47 124 |135|270 127 388 379
L 111 46 160 |166( 63 46 109 [135[253 127 386 379
NLAL 109 138 174
T0C 6.1 3.0 14.0
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for

Table 8a. Volume-weighted mean concentrations of major ions in wet
precipitation (In) and runoff (Out) at EGIL and KIM catchments
the 11/2 year treatment period 13 June 1984 - 14 November 1985.
Units: peqg/1l; NLAL ugAL/1l; TOC mgC/1l.

1984-85
EGIL KIM
In Out In Out
H O 1346 1082 1102 835
H2 48 93 9 86
(pH] 4.32 4,03 5.05 4,07
Na 48 83 55 92
K 4 1 1 7
Ca 9 14 3 13
Mg 12 22 13 17
Al 0 11 0 13
NH4 42 14 0 7
NO3 37 29 1 7
Cl 52 98 65 125
804 - B4 105 T 70
Org.anion 0 16 0 34
£t 163 251 81 236
L 153 250 73 235
NLAL - 210 - 285
T0C - 11.6 - 18.6
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Table 9b. Volume-weighted mean concentrations of major ions in wet
precipitation (In) and runoff {(Out) at EGIL, KIM and ROLF
catchments for period 15 November 1985 - 18 December 1986. Units:
peg/l; NLAL pgAL/l; TOC mgC/1l.

1986
EGIL KIM ROLF
In Out In Out In Out
H.O 771 570 727 592 1516 1388
Hz 61 88 20 76 66 93
(pH) 4.21 4.06 4.70 4.12 4.18 4.03
Na 35 93 65 90 47 101
K 3 10 2 8 3 4
Ca 8 19 5 13 9 20
Mg 12 28 13 20 13 30
Al 0 17 o 10 0 12
NH, 35 33 1 12 40 14
NO, 35 38 0 15 41 29
c1 51 111 76 119 55 130
S0, "l s8 131 11 63 71 108
Org.anion 0 9 0 32 0 7
' 154 288 106 229 178 274
) 144 288 87 229 167 274
NLAL - 191 - 233 - 125
TOC - 10.7 - 15.2 - 10.1
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Table 10. Differences in concentrations of major ions in runoff at KIM

relative to EGIL for the 2 treatment periods 13 June 1984 - 14
November 1985 {1984-85) and 15 November 1985 - 18 December 1986
(1986); values expressed as 7 (KIM - EGIL) / EGIL, where negative
values indicate decline due to treatment at KIM. Alkalinity (alk)
is defined as sum of base cations minus sum of strong acid anions.

1984-85 1986

A /A

H -8 0
Na +11 - 5
K 0 -27
Ca -7 -32
Mg -23 -26
Al -24 44
NH4 -50 -64
NO3 ~-76 -61
Cl +28 + B
SO4 ~33 ~53
Org.anion {+113 -
alk +28 +4 4
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differences were exhibited by nitrate and ammonium concentrations;
both were 607 lower at KIM. Among the cations the largest difference
was for Al (451 lower), followed by the divalent cations Ca and Mg
{Table 10}. The difference in sulfate concentrations was about 507
in 1986, up from 337 in 1984-85 (Table 10).

The SO‘ budget at KIM catchment indicates a net loss of about 23
meq/m2 from KIM in 1984-85 and an additional 12 meq/nﬁ in 1986. The
1984 soil survey data of Lotse and Otabong (1985) together with the
soil depth information indicate that in 1984 prior to treatment the
soils of KIM contained 5300 meq/m2 total S (expressed here as 504).
thereof 80 meq/m2 of water soluble SO‘ and 14 meqlm2 of adsorbed SO‘.
Net loss of sulfate from KIM during the first 2 1/2 years of treatment
is thus equivalent to > 2 times the original store of adsorbed SO‘.
about 1/3 (35/104) of the readily-available SO‘, but < 1 [ of the
total amount of sulfur contained in the soil (Table 11).

HC1l episode at KIM catchment, October-November 1986

A technical failure 1in the ion-exchange system at KIM catchment
resulted in a 2-week period during which about 41 mm of pH 3.75-4.10
chloride-rich rain was added to KIM. Apparently the batch of
ion-exchange resin became ineffective much earlier than usual;
incoming sulfate and nitrate acid precipitation thus entered the
ion-exchange column and hydrochloric acid left the column. In this
2-week period about 67 of the annual water flux was added, and this
contained about 107 of the annual €1 input and 307 of the annual acid
input {Table 12).

Runoff chemistry responded dramatically to the HCl input (Figure 6).
€1 concentrations jumped from about 130-150 peq/l to 260-230 peq/l,
and pH levels declined to below 4. After renewal of the ion-exchange
resin on 14 November precipitation again was “clean” with pH 1levels
about 5 and Cl of about 50 peq/l {added as seasalt), and runoff again
responded with lower €1 levels and increased pH (Figure 6).

This HC1l episode caused a major change in the H+ flux into and out of
the catchment, and complicates the ongoing evaluation of effect of
treatment on pH of runoff. The episode, however, significantly
affected only the H+, Cl and inorganic Al budgets, and apparently
only temporarily. The budgets of other major ions such as sulfate and
nitrate were not affected, and thus for these ions the HCl episode did
not affect the ongoing comparison between KIM and EGIL catchments.
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Table 11. RAIN project. Sulfur pools and fluxes at treatment
catchments over the first 3 years 1984-96 expressed as meq SO /m .
Soils data from Lotse and Otabbong 1985.

Risdalsheia Sogndal
KIM 50G2 S50G4
total § 5300 5200 11900
soil pools prior
to treatment water-soluble SO‘ 90 80 90
adsorbed SO‘ 14 150 70
in 59 355 220
fluxes 1984-86
out 96 130 90
in-out=net retention (+) -37 +225 +130
or net loss (-)
net retention/loss in % ~35% +100% +80%
of water-soluble +
adsorbed SO‘
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Table 12. The HC1l episode at KIM catchment, October-November 1386;

. 2
concentrations (peq/l) and fluxes (meg/m )

precipitation and runoff.

of H+ and Cl1 in

concentration flux

Period mm pH H+ Cl H+ cl
861031-1106 14.5 3.75 178 270

IN 861107-1113 26.8 4.180 79 141 A
Sum £1.3 6.7 7.7
Year 19886 727 15 79
i of year 61 301 101
861107-1114 28.1 3.98 104 270
861115-1120 33.5 4£.05 30 215

ouT Sum Sf.S 6.4 14.8
Year 1986 592 44 70
1 of year 1071 1571 211
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Figure 6. Discharge and concentrations of H+ and Cl in precipitation
and runoff at KIM catchment during the technical failure
October-November 1986, during which the catchment received an
episode of HCL rain.
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Organic acids at Risdalsheia

Runoff at all three Risdalsheia catchments 1is highly colored and
contains high levels of total organic carbon (TOC} (Table 9). The
concentration of organic anions can be estimated from the ionic
balance. Based on the seasonal volume-weighted average concentrations
the contribution of organic anions varies from 7 to 34 peg/l. Organic
anions thus can comprise a significant fraction of the anion sum
{about 3-157), and much higher if only the non-marine concentrations
are considered.

The charge density of the organic acids in runoff varies from about
0.5 to 3.0 peag/mgC (Figure 7). The <charge density is obtained by
dividing the organic anion concentration by the concentration of TOC.
The data indicate that the charge density changes with pH; the highep
the pH the higher the charge density. These relationships are
approximated by assuming that the organic matter has a pK of about 4.2
and maximum charge density of about 5 at pH > 5. These values are
similar to those obtained by Cronan and Aiken (1985) on soil solutions
and surface waters in the ILWAS watersheds, Adirondack Mountains, New
York. Henriksen and Seip (1980) found that the average charge density
for 200 Norwegain surface waters was about 5.5 peq/mgC.

Runoff at Risdalsheia ‘can thus be considered as an admixture of
seawater salts, strong acids and organic acids with a minor addition
of base <cations from weathering and ion exchange. At EGIL and ROLF
catchments the strong acids dominate and at pH levels around 4.0 most
of the organic acids are associated and thus the charge density is
low. The treatment at KIM has significantly reduced the strong acid
concentrations, and the organic acids dissociate to buffer pH
increase. At charge density of 5 organic anion concentrations can
reach 65-80 jpeq/l. If the sum of non-marine concentrations of base
cations in runoff at KIM remains at only 0-10 peq/l, the TOC levels in
runoff at KIM remain at 15-18 mgC/l, and the organic acids have a pK
of 4.2 and maximum charge density of 4.5, the pH in runoff in the
absence of strong acids will reach only about pH 4.4-4.5, Alkalinity
defined as sum of base cations minus sum of strong acid anions,
however, should reach about -30 peq/l.

Satellite projects
The first results from two of the satellite projects connected to

RAIN project became available in 1986 (Appendix 2}. Wright and Cosby
(1987) have made a preliminary application of the MAGIC model to the
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Figure 7. Charge density of organic matter in runoff at the
Risdalsheia catchments calculated from the seasonal ionic balance
and measured TOC levels. Also shown are theoretical curve for

organic acids with maximum charge density of 4.5 peq/mgC and pK of
3.4, 4.2, and 5.0, respectively.
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RAIN project. This application was compared to results from the first
1 1/2 and 2 vyears of treatment at KIM and 5062, respectively. The
1986 data now available indicate that the trends continue into the
third year of treatment {(Figures 8 and 9).

Hauhs (1986) reported on a comparison of hydrology and water chemistry
at EGIL catchment with a catchment in West Germany. Both these
satellite projects continue in 1987.

A total of 5 new publications and vreports dealing with the RAIN
project appeared in 1988.
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Appendix 9. Sogndal runoff chemistry.

Appendix 10. Sogndal precipitation data.
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APPENDIX 1.

VISITORS TO RISDALSHETA IN 1986

Date Visitors and affiliation
25 April Group of 30 students from Statens Gartnerskole, Grimstad
4 May Drs. R. Linthurst and Dixon Landers, U.S. Environmental Protect-
ion Agency
6 May Prof. P. Beneke, Universitédt Gottingen, West Germany
22 May Group of 40 students from Statens Skogskole, Bygland
22 May Group of 3 from Miljevernavdelingen, Aust-Agder County
7 Jdune Group of 12 vrepresenting environmental organizations (Natur og
Ungdom, Aust-Agder Naturvern, Grimstad Venstre, Informasjons-
gruppe mot sur nedbsr, Grimstad Sykkelklubb, Aust-Agder Senter-
ungdom, Fremtid i vdre hender)
9 Jdune Group of 34 scientists from Europe and North America in
conjunction with Commission of European Communities COST 612
Workshop on Reversibility of Acidification
16 June Television crew from Sweden
23 Jdune Lord Walter Marshall, Chairman UK Central Electricity Generating
Board, Dr. P. Chester, Director UK Central Electricity Research
Laboratories, Prof. L. Wallege, Dr. 1I. Muniz and accompanying
persons
7 August Group of 25 from Fremtiden i vdre hender
20 August Group of 30 from Board of Directors, Sparebanken Sgr, Landvik
5 September A. Fikkan og B. Herstad fra Miljsverndepartement and reporter
from Norwegian national radio
9 September Delegation of 6 Members of Parliment, UK, accompanied by 5
representatives of Aust-Agder county administration and Aust-
Agder county forester
23 October Drs. R. Malanchuk, U.S. Environmental Protection Agency and T.
Haines, University of Maine
4 November Group of 30 teachers from Pedagogisk Senter, Arendal
12 November Two scientists from National Remote Sensing Centre, UK.

RADIO AND TELEVISION COVERAGE OF RAIN PROJECT IN 19%6

Date Program
March 1986 Canadian national Public television "The Nature of Things"
May 1986 UK BBC radio

October 1986

November 1986
November 1986

Norwegian national radio P1
Swedish national television "Europa syrna”
Norwegian national television "Europa syrna"
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APPENDIX 3.

Total soil volume, depth, mass and chemical components for the Sogndal

and Risdalshela catchments. Values are based on soil depth maps

combined with
Otabbong (1986]).

physical and chemical properties given by Lotse and

Sogndal Risdalheia
S0G2 SOG4 KIM EGIL ROLF
Volume, m3 0-15 c¢cm 806 201 50 14
15-30 cm 663 159 29
>30 cm 671 152 11
total 2140 512 390 21
2 A
Catchment area, m 6450 1938 856 220
Soil depth, cm 33 26 11 10
Bulk density 0-15 cm 680 830 720 660 690
kg/m3 15-30 cm 590 1000B 1400 1210 1310
>30 cm 1OUUB 1000B 1740 1740
Soil mass, 103 kg 0-15 cm 548 167 36 10
15-30 cm 391 159 &1
>30 ¢cm 671 152 19 3
total 1610 478 96 20

Notes:

not measured.

exclusive open water.

Total area 7220 m
Assumed value.

2
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Exchangeable cations, eq.
Sogndal Risdalhela
S0G2 SOG4 KIM EGIL ROLF

Ca 0-15 cm 6600 30600 630
15-30 c¢m 1600 500 90
>30 c¢cm 1300 2100 15
total 3500 5580 730
Mg 0-15 ¢m 2960 1300 370
15-30 cm 550 250 60
>30 cm 400 670 15
total 39140 2220 440
Na 0-15 cm 1150 520 120
15-30 cm 820 130 80
»30 cm 540 580 30
total 2510 1300 220
K 0-15 cm 1700 800 200
15-30 cm 860 &G0 70
>30 ¢cm 600 590 15
total 3160 1790 280
NH# 0-15% cm 550 250 210
15-30 cm 350 240 100

>30 c¢cm 470 330 30

total 1370 820 340
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Exchangeable cations, eg. {cont.)
Sogndal Risdalheia
S0G2 SOG4 KIM EGIL ROLF
H 0-15 cm| 17400 4200 1710
15-30 cm 9300 3400 1260
>30 cm} 10100 2900 660
total 32900 10500 3630
Al (AAS) 0-15 cm} 20700 11900 3350
15-30 ¢cm 7900 £700 1770
>30 cm 2100 3200 790
total 30700 19900 5910
Al (total) 0-15 cm| 12900 15900 3320
15-30 cm 6200 1500 1840
>30 cm 3200 4300 760
total 22300 11700 5930
acidity 0-15% cmi 37400 16200 5000
{KC1) 15-30 cm| 15400 8200 3100
>30 cm] 12600 5800 1400
total 65400 30200 9600
acidity 0-15 cm}178600 78600 22200
(BaClZ—TEA) 15-30 cm| 86800 35100 13100
>30 cm} 57100 £5300 5300
total 322600 158000 40600
CEC eq 0-15 cm| 50300 22100 66500
{KC1) 15-30 cm] 22500 39700 3500
>30 cm| 15800 10200 1500
total 98600 £1300 11600




Carbon, nitrogen and sulfur, kg.

Sogndal Risdalhela

S0G2 SOG4 KIM EGIL ROLF
loss on 0-15 cm}{ 135000 63000 13900
ignition 15~-30 cm| 63000 41000 7700
kg >30 cm| 63000 19000 2900
total 267000 123000 24500
C kg 0-15 cm| 66000 36000 7700
15-30 cm| 28000 24000 3700
>30 cm| 21000 16000 1700
total 115000 76000 13200
N kg 0-15 cm 2900 1500 330
15-30 cm 1400 1000 210
>30 cm 1100 900 100
total 5300 3400 640
S total 0~15 cm 290 130 34
kg 15-30 cm 150 90 24
>30 cm 100 150 15
total 540 370 73
804—3 kg 0-15 cm 3.4 1.2 0.67
water-sol 15-30 cm 3.4 0.9 0.44
>30 cm 1.3 0.8 0.17
total 8.1 2.9 1.28
SO‘~S kg 0-15 cm 5.1 0.7 0.09
adsorbed 15-30 cm 3.5 1.1 0.06
>30 cm 7.1 0.5 0.04
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Rolf soil depth




APPENDIX 4.

RISDALSHEIA DISCHARGE DATA.

DATE

851114
651115
851118
851117
851118
851119
851120
851121
851122
851123
851124
851125
851126
651127
851128
851129
851130

KIM

0 QO C o O 66 O C 0 o @ O 0 8 o O

.38
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.aa
.00
.00
.00

EGIL

[ S o B von S it N o R o S v SR e TR oo R e [N o S oo N e SN s SN e S oo S o |

.00
.00
.00
.00
.00
.00
.08
.00
.00
.60
.00
.00
.0go
.93
.00
.00
.00

ROLF

[ == S o S o S e N o B o QR e B oo T i B o QR = R o S o BN win S s B s |

.00
.00
.00
.00
.00
.00
.62
.00
.00
.00
.00
.ou
.00
.6o
.00
.00
.00

UNITS: MM/DAY.
DATE KIM
851201 0.00
851202 0.00
851203 0©.00
851204 0.39
851205 0.3%
851206 0.00
851207 0.00
851208 0.00
851208 0.00
851210 0.00
851211 0.00
651212 0.00
851213 0.78
8512146 1.17
851215 0.39
851216 0.39%
851217 0.00
851218 0.39
851218 0.00
851220 0.00
851221 0.00
851222 1.17
851223 0.38
851224 0.78
851225 0.78
851228 0.39
851227 0.00
851228 0.00
851223 0.040
851230 @©.o00
8512317 ©.00

EGIL

0.00
.00
.00
.79
.00
.93
.00
.00
.00
.00
.93
.88
.58
.66
.86
.Go
.93
.00
.00
.00
.93
.93
.93
.93
.00
.93
.00
.00
.60
.00
.00

QOO0 000000000 0 e e (o OGO E N DO

ROLF

0.00

.62
.18
.24
.00
.62
.08
.00
.08
.00
.24
.40
.62
.10
.62
.62
.00
.00
.00
.54
.88
.24

.24
.00
.00
.00
.00
.00
.00

0o 0O 00 0 W e WO e DD 0 e e e PO OO DG e G W WD e

.06

50
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DATE

860101
860102
860103
860104
860105
860106
860107
860108
860109
860110
860111
860112
860113
860114
860115
860118
860117
860118
860118
860120
860121
860122
880123
860124
860125
860126
860127
860128
860129
860130

KIM

= S o R < S e B o~ N s B - BN < S e B vor B v SR s B o N e SN o B <o [N <~ B <o BN - B = B <« B < B < B v B = T e B = TR o B s B e

.00
.00
.00
.0¢
.00
.00
.00
.00
.06
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
]
.00
.00

EGIL

.00
.00
.00
.00
.06
.00
.00
.00
.00
.0go
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.go
.00
.00

[« B~ QY o T o B v B i B = IS e Y = SN o [ o S o T e N <o BN = RS o R e B cox BN v [N ion S o6 TR o TR o B e S e R s Y << N e S e B o

ROLF

.00
.00
.00
.00
.00
]
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

[ =T == N = S = S o B s B o SR <o R < SN = [ ~ R e S o Y < B < B v S i~ TR oo SN e B e Y o TR e B r Y e B = R o B = S e BN v S o

DATE

860201
860202
860203
860204
860205
860208
860207
860208
860209
860210
860211
860212
860213
860214
860215
860216
860217
860218
860219
860220
860221
880222
860223
860224
860225
860226
860227
860228

KIM

Q0 0 0 0 0 60 0 0 0 06000000000 00 W 0G0

.00
.00
.00
.78
.29
.90

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

EGIL

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.08
.00

(<= == B =~ A - R~ I ~ N~ D - B -~ B -~ B - Y - S —~ S~ R < I — I — T -~ N~ B e B R~ S — S — S - T o B~ S

ROLF

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.60
.00
.00
.00
.00
.00
.00
.00
.00
.00
.60
.00
.00
.00

(=T < B~ R -~ L T — I~ B — N -~ o QR - S — T < B — S~ R < B S -~ B - B A -~ B - B ~ I — N - S — I <



DATE

860301
880302
860303
860304
860305
§603086
860307
860308
860309
860310
860311
860312
860313
560314
860315
860318
860317
860318
860319
860320
880321
860322
880323
860324
560325
8603286
860327
860328
860329
860330
860331

KIH

wuwmm-a--Mm---ac:mcncoc:ooc:c:c:oc:czoooc:c:::

.08
.00
.40
.00
.00
.00
.00
.00
.00
.00
.40
.00
.00
.00
.00
.00
.00
.39
.00
.39
AT
.95
.07
.73
.95
.95
.13
.07
.51
.12
.90

EGIL

.00
.00
.00
.60
.00
.83
.88
.12
.86
.88
.00
.00
.00
.00
.00
.00
.93
.00
.00
.00
.86
.93
Loh
.88
.93
.86
.88
.51
.12
.79
.86

@Nwd’—‘-ﬂCD-*NQ-AQOQOOOQQO@—I-‘W@OOOOOO

ROLF

.00
.00
.00
.00
.00
.00
.00
.00
.24
.00
.00
.00
.62
.00
.00
.24
.00
.00
.24
L2k
.86
.95
.68
.62
.62
.62
.00
.48
.48
.24
.24

[ 9% T v T o TR < N = B o S s Y s QR <= |

Wt D N € e e e NN P W W DO WO - DO O

DATE

860401
860402
860403
BE0&04
B604D5
860406
860407
8680408
860409
860610
860411
860612

860413

8804146
860415
860416
860417
8604618
860413
860420
860421
860422
860423
860424
860425
860426
860427
860428
860429
860430

KIM

~ e A

mm-uc:;mm-—aoo—mwba»c:cao—-wm-—-wqwmuhm

.85
.41
a1
.26
.29
.12
.34
.13
A
.90
.17
.13
.13
.95
.18
.78
.39
.95
.29
.68
.13
.58
.58
.80
.85
.97
L1é
b1
.85
.46

EGIL

.12
.65
.58
.12
.86
.93
.86
.79
.12
.13
.93
.86
.93
.93
.93
.00
.93
.78
.79
.79
.88
.93
.18
.86
.93
.86
.93
.93
.93
.00

CJOOO“CJ—*NQ—‘NNMOQOQO-‘C)N&)N—-‘O—'UUTJ‘UJ

ROLF

-t h) b b o w e L) W) W) W) & D W e W S W

11

14.
17.
19.
17.
17.
16.

.24
.86
.86
.86
.24
.62
.24
.86
.10
.86
.24
.24
.24
.24
.62
.62
.62
.62
.62
.24
.82
.24
25.
.34

92

58
82
bé

82.

82
20

52
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DATE

860501
880502
8650503
860504
860505
860506
860507
860508
860509
860510
860511
860512
860513
860514
860515
860518
BEO517
860518
860519
860520
860521
860522
860523
860524
860525
860526
860527
860528
860529
860530
860531

=
b
=z

0O OO0 0 m D W e e £ e o OO D e 23OC ) D L b e B D e O WY

.07
.24
.41
.24
.29
.95
.85
.78
.18
.78
.78
.18
.56
.78
.07
.48
A7
.95
.2%
.38
.17
.58
.80
.18
.18
.00
-39
.00
.00
.00
.00

EGIL

.93
.93
.93
.09
.Go
.93
.00
.0g
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.Gao
.00
.67
.12
.93
.83
.00
.93
.65
.73
.78
.00
.00

(=B~ A I A - B T~ I == R #V B S - B «or B oo TR v BN e SN o S = B o B v SR s TN G SN o T e TN e SN <~ T e SR < SR <= DY e T < ¥

ROLF

b b
€ = 00 = WO D = DU e O N ) e e B ) CY et ed ) owd w5 D =

.82
.10
.12
.62
.62
.08
.62
.62
.00
.20
.88
.62
.62
.24
.58
.20
.00
.10
.62
.00
.92
.68
.62
.00
.00
.24
.62
.00
.Go
.62
.00

DATE

860601
860802
860603
860604
860605
860508
860607
860808
860609
860610
860611
860612
860613
B60614
860615
BEOE1S
860617
gso618
850613
8605620
860621
860622
860623
860824
860625
860626
860627
860628
860629
660630

=
oy
e 4

L= R o R = [ < B = A v T - B < B < T v B o~ R~ B v B < T = B s T o B T o T - T - T O R N~ = T =]

.00
.08
.08
.08
AT
.38
.29
.38
.60
.0¢a
.80
17
.38
.00
.39
.00
.00
.80
.00
.0g
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

EGIL

.00
.08
.40
.00
.93
.@o
.00
.48
.93
.00
.00
.78
.83
.93
.80
.ge
.00
.0a
.85
.00
.0o
.0o
.00
.00
.00
.00
.00
.00
.00
.00

CSQOQ@DQQ@@@MOOGOQON@GOC}@&C’DQQQG

ROLF

LTI o B s S e

w o W

[ = -~ R o~ R o< Y - B <~ R~ B o B - T e R N ~ B = B~ B B = B = T N ~ ™ T S

.0a
.0o
.00
.30
.28
.00
.18
.62
.62
.62
.00
.62
.00
.00
.Go
.00
.00
.00
.62
.00
.00
.00
.00
.06
.0a
.06
.oo
.00
.00
.00



DATE

860701
860702
860703
860706
860705
8607086
860707
860708
860709
660710
860711
860712
860713
850714
860715
860716
BEOT1T
860718
860718
860720
860721
860722
860723
880724
8680725
860726
860727
860728
860728
860730
860731

KIM

—‘-!NCDOOC‘OOQOOOQQOOOOGQ@OGOOOQDOO

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.ag
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.34
.80
47

EGIL

.60
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.81
.00
.08
.93
.00
.00
.00
.60
.00
.00
.00
11
.37
.58

Fives TR o TR v TR o U oo T e Y o Y o R &5

o

(=]

ey

A%
PE O R I = T == T = T = T == 2R =« R = R e TR = QR e SR & 1 S e (Y ~~ S = S o~ S = R =

ROLF

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.96
.10
.62

o

vy
-—imNDCDOQOODQOOOOOOQOOQGGOOODQO

DATE

860801
860802
860803
860804
860805
860806
860807
860808
§60809
860810
860811
g6Gs12
860813
860814
860815
gs08186
860817
860818
8608139
860820
860821
860822
860823
860824
860825
860826
860827
860828
860829
860830
660831

KIM

D e

- NI
O A O R E D e e €3O0 4 D - 3OO0 0 W W o 0 Wm

.95
.00
.00
.07
.78
.38
.00
.12
.51
.00
.33
.00
.00
.00
.95
.58
.68
.33
.39
.00
.58
17
.00
.00
.13
.38
.46
.28
.04
.18
.39

EGIL

.58
.00
.93
.51
.93
.00
.19
k6
.86
.00
.93
.00
.00
.00
Té
.95
.79
.93
.93
.93
.86
.00
.00
.79
.88
.93
.34
.67
.00
.00
.00

€ W

wb fad
€3 €3 LI e T €D e BN OED S e £ O ON WO OO MO0 - - N DD ;.

ROLF

.86
.00
.62
.48
.00
.ago
.88
.48
.24
.00
.62
.00
.00
.00
.68
.58
.24
.62
.00
.62
.00
.00
.00
.24
.24
.00
.46
.38

- PN
O WL 6D LD D e € e WO NSO D - DWW O OO -~ &

A
- e D

.62
.00

o

L34

54
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DATE

8605801
860902
860903
850904
86090535
860908
860907
860308
860909
BE0910
860911
860912
860913
860914
860915
860916
860917
860918
860919
850320
860921
860922
860923
86092¢
860925
860928
860827
860928
860928
860930

KIM

[~ B e B v T oo B o B o B e N v SR oo S ovs Y v S o Y oo Y i SR o QY e Y o R o Y s SR oo S o [ o SR o [ e Y e RN s S = QY o S ot S

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.ao
.60
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.ao
.00

EGIL

.00
.00
.00
.00
.60
.00
.00
.00
.00
.06
.60
.00
.00
.00
.00
.00
.G0o
.00
.0g
.00
.00
.00
.00
.00
.60
.00
.00
.00
.00
.00

[ T oo B o B e S oo B on Y e Y ot Y

[ coc T e R coc BN v B o B o B o I o SN e SN o R o SN s Y e [N wee Y o Y o Y v Y o S = S acc SN o}

ROLF

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.80
.00
.00
.00
.00
.00
.00
.00
.00
i
.00
.00
.08
.00

oo T o Y o S o N v R i S s JOE oo R e B s TR s B v S e Y s I o S v S - Y = R e RN o R o S e BN v B o SN e SR o N o SR e N oo R e

CATE

861001
861002
881003
8661004
861004
661605
B61006
8561007
861008
861009
861010
BB1011
861012
861013
861014
BB1015
861018
861017
861018
861013
881020
861021
861022
881023
861024
861025
8610286
gei1027
gg1028
861023
861030
861031

KIM

P,
L2 B WL R e R e B e QR v B &4 S o RN o B s [N e Y v R i S e Y e SR v (RS e N e Y e TS e RN Y s R e B e SR oo TR o

bt

(4N
-

-t b
[E« B I T ) B ]

.00
i
.00
.00
.60
.00
.00
.00
.00
.00
.00
.00
.00
.08
.08
.00
.00
.00
.00
.21
.00
.00
.00
.60
.65
.90
.08
.85
.99
.09
.80
.36

EGIL

.00
.00
.go
.00
]
.00
.00
.00
.00
.00
.00
.00
.00
.60
.00
.00
.00
.00
.86
.88
.00
.00
.00
.00
.30
.78
.65
.88
N2
.37
.51
.37
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ROLF

.0g
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.62
.32
.00
.00
.00
.00
.10
.58
.30
.58
.30
.34
.54
.12
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DATE

861101
861102
661103
861104
861105
861106
861107
861108
861109
861110
861111
861112
861113
861114
861115
861116
861117
861118
861119
861120
861121
g61122
861123
861124
§61125
861126
ge1127
861128
861129
861130

FIL: {SHNSF)MAI-VANNF:DATA

KIM
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.39
.00
.00
.00
.ga
.00
.00
b1
.07
.53
A7
.39
.39
.12
.09
.24
.29
.07
.68
17
.78
.90
.92
.53
.24
.85
.12
.17
.39
.39
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Py

EGIL

.00
.00
.00
.00
.00
.00
.00
.51
.86
.95
.12
.78
.93
.72
.00
.00
.00
.00
.00
.93
.83
.51
.95
.02
.37
hé
.23
Lhé
.93
.00

ROLF

.62
.00
.00
.00
.00
.00
.00
.98
.24
.64
.10
.62
.62
.08
.58
.24
.88
.58
.24
.48
.62
.06
.34
.20
.88
.10
.62
.00
.62
.00
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DATE

861201
861202
861203
861204
861205
8612086
861207
861208
861209
861210
881211
861212
861213
861214
861215
861216
861217
861218
861219
861220

KIM
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.39
A7
.34
.51
.85
.78
.39
.95
.39
.38
17
.51
.34
.58
.39
.00
.18
.39
.18
.39

EGIL

.00
.93
.18
.12
.23
.93
.93
.81
.19
.86
.93
.79
.00
.93
.93
.00
.86
.79
.93
.93
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ROLF

.62
.24
.10
.62
.34
.10
.86
.36
.20
.10
.24
.24
.86
.24
.62
.00
.62
.00
.62
.00
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APPENDIX 5.

EGIL CATCHMENT RUNOFF DATA
~99.0 = MISSING DATA.

DATE

8511080307
8511051617
8511052005
8511060058
8511090000
8511120000
8512040000
8512170000
8603070000
8603080000
8603100000
8603260000
8604010000
8604030000
8604100000
8604240000
8605220000
8605230000
86061950000
8607180000
8607290000
8607300000
8608070000
8608210000
5608280000
8605050000
8610210000
8610280000
8610300000
8611060000
8611070000
8611100000
8611120000
8611140000
8611200000
8611270000
8612040000
8612041000
8612110000

PH

LI I T - Y - T N N % - N & B U N Y R - S R N LV I TS T T T Y - Y N N -V S Y - VY N U% S N UV T PV I 0%

.93
.85
.97
.03
.97
.01
.27
.08
.24
.18
.20
.20
.37
.36
.27
.19
.08
.08
.54
.88
.02
.01
.99
.07
.25
.22
.88
.81
.60
.01
.93
.14
.15
.01
1
.01
.02
.02
.98

NAa

124.
147.
94,
92.
123.
114.
104,
1G9.
144.
167.
154.
119.
87.
61.
10.
80.
105.
107.
130.
127.
78.
74,
83.
67.
38.
49.
130.
110.
88.
112.
114.
82.
81%.
125.
124.
111,
118,
116,
145.

) wa o e L3 W OB W W WU R s WD w0 W MWD W D L WD WD 00 O N OO b M e 00 ex DO W

13.
21.
i6.
14.
11.

33.
46.
41.
36,
13.
12.
12.
i2.
17.
18.
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(UNITS: UEQ/L, AL IN UG/L, TOC AND SIO2 MG/L)

Ca

25.
33.
22.
17.
18.
17.
14.
19.
35.
46.
43.
37.
11.

31.
10.
15.
25.
21.
27.
23.
14.
19.
11.

29.
25.
1g6.
25.
22.
i1.
12.
19.
31.
19.
18.
20.
22.

QOmC'J»hOOmOwmm&'m;.noOmmmmbmom.mOww»,mommmmO@O

MG

42.
58.
3z.
26.
32.
3z.
37.
28.
60.
85.
59.
49.
18.
13.
16.
17.
25,
29.
33.
42.
30.
22.
26.
17.

11.
51.
43.
25,
35.
36.
17.
16.
29.
36.
28.
7.
28.
36.

B0 - O3 BN W L0 DO s U1 N O U O L W B e D wmd T L W B e s B LD D O 0 e WD L D B D

NH4

68.
66.
50.
40.
35.
21.
35.
42.
$2.
132.
128.
117,
50.
34.
42.
50.
67.
82.
34.
29.
31.

13.
11.

18.
30.
24.
20.
14.
21.
22.
25.
20.
20.
25.
24.
26.

W e O W = 0 O N W BN T ) e O N 0D W OO 00 DD M W D O U e D s (OO0 wd owd D00 W

NO3

75.
107.
69.
56.
46,
45.
42.
63.
88.
124.
101.
72.
28.
27.
22.
36,
68.
50.
48.
47.
55.
15.
18.
16.

54,
47.
18.
20.
31.
12.
12.
26.
80.
59.
40.
40.
50.

O QO O O N U e W N W ds W ~d W O 0 R b owd owdh O oed WU R WU e B O o L

CL

200,
248,
146.
126.
225.
197.
152.
104.
186.
197.
189.
118.
50.
64.
73.
84.
35.
143.
118.
70.
42.
42.
67.
64.
35.
48.
129.
163.
166.
234.
234.
138.
138.
217.
1717.
166.
166.
163.
191.

00 0% o sl wd DM R e e B Y 0O U W0 s W W W W WO W Oy W W W WU O TR s W T s D md BN o

504 ILAL LAL

145.
170.
135.
133.
104.

93.

79.
102.
193.
216.
204,
202.

97.

66.
118.

97.
145.
154.
166.
395.
156.
158,
177.

95.

58.

56.
270.
179.

87.
108.
116.

66.

66.
102.
141,
116.
102.
102.
118.

OO WO SN O W e N W DN e YO e ol WO sd YOO UM O e o] e D ) ] wd

347
268
191
188
176
200
208
188
178
114
114
106
135
120
183
166
243
256
215
263
264
272
273
334
124
257
200
208
146
161
195
141
151
163
156
141
186
183
145

245.
288.
145.
115.
174.
214.
310.
276.
352.

87.

B3.

59.
140.

35.

70.
204.
157.
124.
237.
277.
131.
123.
212.
181.

21.
115.
230.
222.

64.
274.
325.

63.

45.
157.
509.
159.
179.
152.
275.

TOC 5102
18.2 -95.
12.8 ~-99,
10.5 -99,
11.0 -99.
11.2 -99.
10.4 -99.
9.8 ~99.
T -99.
10.6 -99.
10.6 -99.
12.3 -99.
11.5 -99.
.8 -99.
9.4 -99.
11.3 -99.
11.5 -99.
12.1 -99.
14.5 -99.
12.5 -99.
12.7 -99.
14.6 -99.
2.1 -99.
14.2
17.6
10.7
16.4
9.0
3.9
10.3
8.8
8.7
10.6
11.3
8.6
6.8
6.4
8.1
§.0
5.5

4.
4.
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KIM CATCHMENT RUNOFF DATA (UNITS: UEQ/L, AL IN UG/L, TOC AND SIOZ MG/L)
-99.0 = MISSING DATA.

DATE PH NA K CA MG NH4 NO3 (L S04 ILAL LAL TOC 8102
8511050000 3.96 127.9 8.2 16.0 27.1 12.5 24.3 160.8 97.9 347 189 26.1 -99.
8511060300 3.%6 123.5 6.9 15.5 25.5 9.6 22.1 158.0 108.3 347 161 24.3 -99.
8511060900 3.98 120.9 5.6 15.5 24.7 8.5 20.0 160.8 91.6 347 145 24.1 -99.
8511061430 3.99 117.4 5.6 14.0 23.0 7.5 18.6 158.0 85.4 344 144 21.7 -99.
8511090000 4.01 111.4 7.2 12.0 20.6 8.6 13.9 169.3 66.6 293 99 22.1 -99.
8511091000 4.01 103.1 10.2 14.0 20.6 16.1 8.9 225.7 64.5 250 86 25.0 -99.
8511092000 4.01 100.5 7.9 13.0 18.9 7.5 14.3 225.7 58.3 235 71 20.9 -99.
8512050000 4.10 117.9 7.9 18.5 22.2 7.1 11.3 158.0 62.5 263 167 14.2 -99.
8512180000 4.11 109.6 4.9 12.0 18.% 12.5 8.6 141.0 54.1 264 104 18.6 -99.
8603230000 4.18 147.9 25.6 43.9 45.2 50.0 40.7 189%.0 116.6 211 163 28.9 -99.
8603260000 4.12 169.7 19.4 28.4 42.0 46.4 40.0 200.3 118.7 245 135 18.3 -99.
8603860000 4.11 224.0 44.2 65.9 65.0 29.3 44.3 290.6 137.4 267 197 17.6 -99.
8604010000 4.25 101.8 14.3 17.0 18.7 28.2 25.0 112.8 64.5 183 63 16.5 -99.
8604030000 4.19 102.7 11.0 13.5 17.3 20.0 23.2 112.8 54.1 194 52 16.1 -99.
8604100000 4.31 77.0 7.2 7.0 10.7 18.2 16.1 64.9 43.7 234 23 12.7 -99.
8604250000 4.26 6%.6 8.4 9.0 10.7 15.7 22.8 50.8 52.0 146 60 14.1 -99.
8604300000 4.44 47.0 6.6 4.5 5.8 10.7 10.6¢ 31.0 31.2.16% 12 13.0 -99.
8605150000 4.36 58.3 7.2 9.0 10.7 9S.6 9.6 39.5 37.5 271 22 13.8 -99.
8605160000 4.10 79.6 10.2 11.5 17.3 15.4 21.4 76.2 68.7 260 28 17.2 -99.
8605220000 4.17 71.3 8.9 10.5 12.3 17.1 15.4 70.5 66.6 237 41 13.4 -99.
8605270000 4.20 70.9 8.7 11.0 12.3 10.7 6.5 84.6 45.8 267 73 14.7 -99.
8606160000 4.20 74.8 5.6 9.5 14.8 11.1 8.4 87.5 43.7 242 61 12.8 -99.
8607291312 4.06 136.6 9.7 38.9 41.1 46.4 41.8 155.2 204.0 251 269 14.2 -99.
8607291815 4.12 107.9 11.8 35.4 42.8 0.7 57.1 112.8 177.0 196 204 12.6 -99.
8607291943 4.11 104.4 12.5 35.4 43.6 60.7 64.3 110.0 179.1 187 198 12.6 -99.
8607252101 4.00 114.4 10.7 29.4 40.3 32.8 68.2 132.6 162.4 228 257 13.9 -99.
8607292221 3.97 114.4 7.2 21.0 35.4 18.2 6.0 155.2 116.6 278 247 15.4 -99.
8607292341 3.97 118.8 6.6 21.5 35.4 21.8 70.0 149.5 137.4 296 254 15.8 -99.
8607300217 3.96 118.3 5.9 20.0 35.4 17.1 70.7 163.6 122.8 306 254 14.5 -99.
§607300335 3.95 117.9 5.6 20.5 35.4 17.5 70.3 166.4 118.7 314 236 15.5 -99.
8607300443 3.95 118.3 5.4 20.0 35.4 16.8 69.3 174.9 112.4 315 245 15.0 -99.
8607300609 3.96 118.3 5.4 21.0 35.4 15.4 68.5 177.7 122.8 318 242 17.0 -99.
8608040000 3.81 119.6 6.4 30.9 51.0 13.6 15.7 126.9 229.0 191 269 14.0
8608060000 4.00 107.4 4.9 13.0 21.4 6.8 13.0 118.5 93.7 343 167 22.1
8608180000 4.15 85.7 3.8 8.0 14.8 5.4 3.5 104.4 43.7 303 162 19.0
8608260000 4.13 82.2 3.6 10.0 14.8 3.2 3.7 87.5 43.7 345 150 22.2
8608280000 4.05 74.4 4.6 12.0 14.8 5.0 6.2 70.5 45.8 288 18 24.3
8609050000 4.19 72.6 4.3 7.5 11.5 5.7 2.0 81.8 50.0 296 149 19.7
8610190000 3.95 134.8 13.0 21.0 34.5 13.2 42.1 143.9 120.8 326 124 19.0
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8610210000
8610260000
8610280000
8611060000
8611070000
8611120000
8611140000
8611200000
8611270000
8611271000
8612040000
8612080000

sfe W 3w W L D e B i W

.04
.02
.02
.95
.98
.97
.98
.05
.10
.09
.14
.21

126.
97.
93.
112.
114.
98.
108.
98.

80.
77.
79.

B e O U1 = W L o ] WU s B
Gy Y Y O =1~ WU Y YWY D
B WO W WO w3 DB s D« b o

18.
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15.

16.
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27.
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26.
18.
18.
17.
18.
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385
271
259
226
230
226
211
221
238
235
271
152

215
89
76

224

205

129

114

139

102

100
69
97

19.
16.
15.
11.
11.
11.
11.
11.
12.
13.
14.
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ROLF CATCHMENT RUNOFF DATA
-99.0 = MISSING DATA.

DATE

8511050000
8511060000
8511030000
8511100000
8512040000
8512050000
8512130000
8512170000
8603080000
8603130000
8603220000
8604010000
8604030000
8604100000
8604250000
8605020000
8605140000
8605220000
8606050000
8606130000
8607290000
8607291427
8607291600
8607291840
8607291949
8608170000
8608270000
8608280000
8605050000
8610190000
8610210000
8610250000
8610310000
8611060000
8611070000
8611140000
8611200000
8611260000
8611270000

PH

uw.n»wuwwaww»bp»wwwwwmw@a»»bwww@..a-.bux.z:wwuwu

1
.86
.95
.98
.96
.06
10
213
.09
.10
.85
.97
.98
.14
1
.49
.09
.06
.91
.05
.81
.84
.81
.81
.80
.02
.05
.23
.26
.84
.83
.05
.98
.94
.30
.95
.16
.94
.99

NA

142.
124.
104.
98.
104.
78.
97.
73.
140.
133.
208.
152.
128.
96.
30.
30.
78.
77.
99.
78.
116.
118.
123.
122.
124.
84.
71.
40.
41.
117.
134.
73.
112.
114.
119.
125.
138.
149.
147.
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(UNITS: UEQ/L, AL IN UG/L, TOC AND SIO2 MG/L)

Ca

37,
26.
20,
17.
17.
12.
18.
1.
22,
21,
57,
25.
24.
15.
13.

15.
13.
25.
13.
35.
36.
36.
36.
35.
13.
13.

33.
28.

15.
20.
20.
19.
66.
19.
17.

MG

63.
45,
31.
26.
29.
19.
27.
18.
39.
35.
108.
47.
44,
26.
21.

15.
18.
32.
18.
61.
65.
64.
68.
64.
22.
17.

47.
49.
15.
26.
32.
35.
32.
3z.
32.
30.
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NH4
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o fad
oy WO

117.
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Lad
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HO3

53.
37.
23.
15.
18.
20.
41,
28.
36.
26.
135.
45,
47.
37.
48 .

41.
25.
4z.
13.
72.
70.
12.
67.
67.

42.
16.
4.

12.
18.
36.
25.

CL

242.
191.
197.
197.
160.
104.
104.

73.
200.
200.
220.
189.
180.
104.

50.

25.

70.

56.
115.

62.
129.
112.
110.
112,
118.

93.

87.

33.

39.
169.
163.

87.
186.
262.
287.
256,
214.
225,
222.

W med sl md wd s B L N L W WD WA e LT OO0 D 00 00 e ) ol U7 e e WU O O W L e e 0 W W 0O

S04

164.
147,
89.
77.
85.
b4.
83.
62.
118.
114.
353.
141.
133.
87,
72.
27.
210.
108.
116.
83.
270,
353.
395.
333.
312.
112.
58.
47.
45 .
180,
210.
12.
72.
68.
70.
79.
120.
124.
116.

L Y fad b owd WD WD BRI N W U wd G T s (D WU G0 W

GY W L0 s D s WW A L 0 WO W e W e W el

ILAL

240
198
111
123
127
119
132
114
167
155
178
114
110
134

66

80
145
118
135
131
179
171
188
187
181
206
234

85
154
186
172
122
125
141
150
121
108
103
122

LAL

252
142
96
96
83
64
72
63
145
105
502
168
149
67
58

48
50
65
41
246
278
262
298
274
92
67
13
46
189
168
19
54
136
142
107
123
122
1086

TOC SI02
13.2 -99.
1.1 -99.
10.3 -99.
10.7 -99.
10.5 -99.
10.1 -99.
10.0 -99.
8.5 -99.
11.2 -99.
10.6 -99.
10.7 -99.
7.1 -99.
7.1 -99.
8.6 -99.
7.1 -99.
7.6 -99.
2.1 -99.
11.1 -99.
12.2 -99.
12.8 -95.
19.7 -99.
17.5 -99.
16.9 -99.
15.6 -99.
15.6 -99.
16.1
17.8
1.1
14.5 1
15.0 2
10.5 3
11.6
9.3
3.5 1
3.6 2
8.4 1
7.3 1
6.4
7.1 1

3.
3.
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8612030000 3.98 146.2 4.6 20.0 30.4
8612040000 3.94 163.6 4.9 23.5 35.4
8612080000 3.88 191.8 6.4 30.4 50.2

4
2
6

.3
.5
.8

13.1 194.6 91.6 127 87 10.3
11.4 231.3 91.6 134 109 9.0
33.2 282.1 108.3 101 179 6.0

. »



62

APPENDIX 6.

EGIL CATCHMENT PRECIPITATION DATA. UNITS: UEQ/L 198485
{VOLUME IS MM APPLIED BENEATH ROOF)

DATE DATE MM PH NA K CA MG NH%& NO3 cL S04
ON OFF

841029-841107 24.3 &.11 £3.5 .1 10.0 10.7 55.7 64.3 48.0 87.
B41116-861121 58.2 4.13 113.1 6.8 15.0 Z28.8 94.2 60.7 141.0 134,
841121-841129 64.3 4.16 113.1 5.1 5.0 26.3 50.0 57.8 143.% 81.
841129-861208 22.2 3.83 56.5 5.6 15.0 1&.0 128.5 115.0 67.7 158.
841206-841212 14.2 4.18 73.9 6.6 10.0 16.5 31.4 £7.1 93.1 73.
841212-850629 114 .42 £7.8 5.1 5.0 10.7 7.1 B1.¢ 82.1 43.
850430-850507 16.2 &.60 6.3 0.2 5.0 0.8 20.0 i6.4 2.8 31.
850507-850515 1.2 &.78 8.7 7.9 74.8 14.0 107.1 42.1 8§.5 189.
850515-850523 17.7  4.31 4.3 1.3 20.0 3.3 51.4 25.17 2.8 93.
850523-850530 9.2 3.73 21.8 tL.8 20.0 7.4 121.4 112.8 25.4 216.
850606-8508613 20.0 4£.40 21.8 6.1 5.0 7.4 35.7 25.0 18.17 5.
850613-850620 34,5 4£.49 8.7 5.1 5.0 0.8 14.3 12.9 2.8 48.
850627-850704 17.7 6.40 30.5 22.06 25.0 10.7 164.2 15.7 19.7 83.
850704-850711 1.1 3.96 13.0 2.6 10.0 4.1 14.3 13.6 11.3 110,
850711-8507189 39.7 4.0% 13.0 0.7 5.0 2.5 34.3 £1.4 11.3 78.
850718-850725 3.4 4.37 30.5 3.6 5.0 8.2 2.9 0.7 31.0 38.
850725-850801 38.1 4.40 4.3 0.2 5.0 0.8 2.9 3.8 2.8 36

850801-850808 20.5 4.83 21.8 1.5 5.0 £.9 4.3 1.4 16.9 18.
650808-850815 57.4 4.00 26.1 2.6 5.0 7.4 54.3 50.7 31.0 100,
850815-850822 32.5 &.08 17.4 0.7 5.0 5.8 £.3 14.3 18.7 68,
850822-850829 18.6 4.27 43.5 1.8 5.0 10.7 31.4 33.8 53.6 3.
650829-850905 £5.8 4.25 13.0 1.8 5.0 3.3 22.8 31.4 16.9 L
850905-850811 28.0 5.09 6.3 1.3 5.0 6.8 2.9 2.1 5.6 10.
850911-850919 62.2 4.08 43.5 5.4 10.0 3.9 63.5 70.7 56.4 16.
850919-850927 14.6 4.08 21.8 6.3 5.0 £.9 25.0 35.7 31.0 59.
850827-851002 7.7 4.10 6.3 .1 206.0 .3 25.0 15.7 1.3 84.
851002-851011 52.0 &.25 39.1 2.8 16.0 8.2 62.8 82.1 42.3 69.
851107-851114 56.8 4.21 91.3 6.1 34.9 24.7 72.8 6.3 112.8 134,

W W WO W N L3 W e DO e N s 0N el e O~ WD WD

FIL: {SNSFJWRI-RISN-EGIL:SYMB

- = DN B



63

RISDALSHEIA PRECIPITATION EGIL CATCHMENT (UNITS:

DATE
ON OFF

851114-0514

860515-0521
860522-0529
860530-0604
860605-0611
8§60612-0618
860710-071¢
860717-0723
860724-0730
860731-0806
860807-0813
860814-0820
860821-0827
860828-0904
860905-0910
860911-0917
860925-1001
861002-1008
861009-1015
861016-1023
861024-1030
861031-1106
8611071113
861114-1119
861120-1126
861127-1203
861204-1210

MM

107

29.
14.

17.

33.
- 45,
22.
20.
4¢6.
77.
42.

27.
58.
10.
48.
38.
51.
14.
39.
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PH

.65

.16
.89
.15
.08
.03
1
.09
.14
.86
.01
.05
.29
.41
.66
.55
.15

31

.67
.13
.27
.56
.29
.31
.14
.28
.43

NA

17.

19.
120.
13.

10.

15.

37.
30.
17.
16.
26.
21.
26.
75.
52.
26.
39.
63.
45 .
75.
48 .
93.
134.
80.
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37.
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63.
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54.
81.
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61.
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162.
87.
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KIM CATCHMENT PRECIPITATION DATA. WEEKLY BULK SAMPLES. UNITS: UEQ/L 1984-85
(VOLUME IS MM APPLIED BENEATH ROOF).

DATE  DATE
ON OFF

£41029-841107
841107-841114
841121-841125
841129-841206
841206-841212

841212-850429

850430-850507
850507-850515
850515-850523
850523-850530
850606-~850613
850613-850620
§50627-850704
850704-850711
850711-850719
850719-850725
850725-850801
850801-850808
§50808-850815
850815-850822
850822-850829
850825-850905
850905-850911
850911-850919
850919-850927
850927-851002
851002-851011
851031-851106
851106-851114
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45.

45,
27.
12.

114.

13.

1.
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RISDALSHEIA PRECIPITATION KIM CATCHMENT (UNITS: UEQ/L) 1985-86

G Bl W Ol W s D s

WM N T e M

<N

DATE MM PH NA K Ca MG NH4  NO3 CL 504

ON OFF
851114-0511 178 4.78 74.8 4.6 6.4 17.3 2.5 1.0 89.3 14.
860512-0522 35.8 5.16 52.2 1.5 7.0 12.3 0. 1.4 67.7 10.
860523-0529 11.0 4.92 39.2 2.3 3.5 5.9 0. 1.4 45 .1 10.
860530-0604 6.0 5.20 73.1 3.3 6.0 13.2 0. 0. 81.8 6.
8606050611 11.7 4.60 62.6 3.1 5.5 15.6 0. 1.4 70.5 10.
860612-0618 9.4 5.47 66.1 9.2 18.0 14.0 14.3 0.7 76.1 12.
860703-0709 1.7 5.35 67.0 11.8 16.0  24.7 0. 0. 84.6 10.
860710-07186 0.9 5.51 0.9 7.7 18.5 23.0 0. 0. 73.3 25
8607170723 23.0 5.26 47.8 .3 3.5 11.5 0. 0. 62.1 8§
860724-0730 40.3 5.12 43.5 .8 2.5 10.7 0. 0. 53.6 8
860731-0806 22.2 5.08 50.0 1.8 4.5 11.5 0. 0. 55.3 10.
860807-0813 18.6 4.64 54.4 4.6 4.5 11.5 0. 0. 70.5 10.
860814-0820 35.8 5.12 39.1 1.3 5.0 9.9 0. 0. 45 1 8
860821-0827 41.0 5.35 29.6 .5 3.5 8.2 0. 0. 36.7 6
860828-0904 30.0 5.36 45.2 .8 3.5 11.5 0. 0. 56.4 8.
860511-0917 4.0 5.37 51.3 3.6 4.0 10.2 0. 0. 63.5 8.
§60525-1001 .3 5.58 65.3 4.1 3.0 15.5 20.0 0. 78.1 17.
861002-1008 .2 5,19 45.7 .8 4.0 1.7 0. 0. 60.9 11
86100%-1015 .3 4.97 457 1.5 5.0 12.3 0. 0. 57.5 21
861016-1023 36.3 5.12 39.1 .5 2.5 5.5 0. 0. 51.6 11,
861024-1030 72.4 4.38 39.1 .8 3.5 8.9 0. 0. 99.0 10
861031-1106 14.5 3.75 56.5 .5 2.5 7.9 0. 0. 269.7 6.
861107-1113 26.8 4.10 51.8 1.8 2.0 7.4 0. 0. 141.0 8.
861114-1118 31.2 4.99 41.8 3.3 3.0 9.2 0. 0. 45.7 12.
861120-1126 39.7 5.02 26.1 1.5 2.5 6.7 0. 0. 35.5 9.
861127-1203 10.9 4.37 117.4 5.9 6.0 24.8 0. 0. 189.0 11
661204-1209 11.5 4.78 169.6 5.4 12.5 34.6 0. 2.1 192.3 33
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ROLF CATCHMENT PRECIPITATION DATA.

DATE  DATE
ON OFF

841029-841107
841114-841121
841121-841129
8§41129-841206
841206-841212

850115-850122
850122-850129
850129-850205
850219~-850226
850226-850307
850307-850313
850319-850326
850326-850402
850402-850409
8504095-850416
850416-850423
850423-850430

850430-850507
850507-850515
850515-850523
850523-850530
850606-850613
850613-850620
850627-850704
850704-850711
850711-850719
850719-850725
850725-850801
850801-850808
850808-850815
850815-850822
850822-850829
850829-850905
850305-850911
850911-850919
850919-850927
8503927-851002

MM

46.
31.
108.

i6.

12.
17.
21.
39.
41.
11.
72.

47.
109.
69.

101.
51.
34.
44,
14.
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.84
.02
.53
.95
.16
.43
.62
.62
.14

.60
.78
.31
.73
.40
.49
.40
.96
.01
.37
.40
.63
.00
.08
.27
.25
.09
.08
.08
.10
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43.
113.
113.

56.

73.

26.
95.
56.
126.
13.
69.
13.
26.
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851002-851011

74.8 4.25

851107-851114 44.7 4.21

FIL:

{SNSF)WRI-RISN-ROLF:SYMB

3%.1
91.3

2.8
6.1

10.0 8.2
34.9 24.7

62.8
72.8

62.1
44.3

42.3
112.8

69.3
134.3



RISDALSHEIA PRECIPITATION ROLF CATCHMENT (UNITS: UEQ/L) 1985-86

DATE
ON OFF

851114-1120
851121-1127
851128-1204
851205-1218
851219-0108
860109-0115
860116-0122
860123-0130
860227-0305
860306-0313
860314-0319
860320-0325
860326-0331
860418-0424
860502-0511
860512-0514

860515-0521
860522-0529
§60530-0604
8606050611
860612-0618
8607100716
860717-0723
860724-0730
860731-0806
860807-0813
860814-0820
860821-0827
8608280504
860905-0910
860911-0917
8603925-1001
861002-1008
8610091015
861016-1023
861024-1030
8610311106
861107-1113

MM

38.
46.
36.
33.
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29.

17.
11.
70.
22.
18.
29.
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861114-1119 55.1 4.31 48.7
861120- 1126 66.9 4.14 93.1
861127-1203 22.0 4.28 134.0
861204-1210 57.0 4.43 80.5

FIL:WRI-B86RISNEDB:T 1/6-87
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APPENDIX 7.

Input-output

budgets

for

water and madjor ions at EGIL,

70

KIM and ROLF

catchments for the period 15 November 1985 - 10 May 1986. Units:
meq/mz; NLAL mgAl/mz; T0C gC/mz.
winter 1986
EGIL KIM ROLF

—Input—— Qut|——Input gut Input Out

Wet Dry Total Wet Dry Total Wet Dry Total
HgO {mm) 1107 1281178 2231409 502
H 2 8 10 8 3 8 11 121 28 8 36 39
Na 2 10 12 12} 13 10 23 191 24 42 86 47
K 0 0 0 2 1 0 1 2 2 1 3 2
Ca 1 0 1 3 1 0 1 3 & 2 ] 9
Mg 0 2 2 4 3 2 5 4 6 8 14 15
Al 0 0 ] 2 g 0 0 1 0 g ] 6
NH‘ A 1 5 8 0 1 1 41 20 i 21 13
NO3 3 3 6 6 0 3 3 41 20 3 23 21
cl & 12 16 131 16 12 28 191 26 48 74 52
SO4 4 8 12 16 3 8 11 121 29 12 41 50
Org.anion O 0 0 4 0 iy 0 10 0 0 0 8
I’ 3 21 30 397 21 21 62 £51 B84 62 148 131
L 11 23 34 39 19 23 L2 451 75 63 138 123
NLAL 19 43 54
T0C 1.4 3.3 4.2
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Yolume-weighted mean concentrations of major ilons in wet precipitation

ToC

{In} and runoff {(Out) at EGIL, KIM and ROLF catchments for period

15 MNovember 1985 - 10 May 1988. Units: peg/l: NLAL pgAl/l;

mgC/1l.

winter 19886
EGIL KIM ROLF
in Out In Out in Qut

H O 167 128 178 223 £09 502
Ha 22 60 18 55 67 77
{pH) 4.65 £.22 &.79 £.26 4.17 4,11
Na 18 97 75 87 59 94
K 2 19 11 4 5
Ca 6 23 13 11 17
Mg & 29 17 16 14 30
AL 0 16 0 6 0 13
NH‘ 39 64 2 20 50 25
N03 23 L8 1 20 49 42
C1 35 104 89 a5 65 103
304 a7 125 15 56 T1 99
Org.anion 0 31 g &7 0 17
[+ 91 308 120 208 205 261
r 95 277 1058 208 185 261
NLAL - 152 - 191 - 108
T0C - 10.9 - 1.7 - 8.4
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Input-output budgets for water and major ions at EGIL, KIM and ROLF
catchments for the period 10 May 1986 - 18 December 1886. Units:
meq/mz; NLAL mgAl/mZ; T0C gclmz.

summer 1986
EGIL KIM ROLF

——Input—— Outi—Input Out Input Out

Wet Dry Total Wet Dry Total Wet Dry Total
Hgo {mm)} | 664 44621548 36911107 886
H L5 8 53 L2112 8 20 320 13 8 81 91
Na 26 10 36 421 25 10 s 36 4T &2 89 93
K 2 0 2 4 1 0 1 2 3 1 4 3
Ca 6 0 T 8 2 g 2 5 9 2 i1 19
Mg g 2 11 12 6 2 8 81 13 8 21 28
Al 0 0 0 8 0 0 0 & 0 0 0 10
NH4 23 1 24 10 ] 1 1 217 40 1 41 &
NO3 24 3 27 16 0 3 3 51 42 3 45 19
Cl 36 12 48 50 3% 12 51 511 %7 48 105 130
SO4 41 8 L9 60 5 8 13 257 78 12 90 100
Org.anion O 0 0 g 0 ] g & 0 0 0 0
' 111 21 132 128 &6 21 67 871185 62 247 248
B 101 23 122 1267 44 23 67 87{177 63 240 249
NLAL 50 95 120
T0C [ 5.7 9.8
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Volume-weighted mean concentrations of major ions in wet precipitation
{In) and runoff (Qut) at EGIL, KIM and ROLF catchments for period
11 May 1986 - 18 December 1986. Units: peq/l; NLAL pgAiL/l; ToC
mgC/l.

summer 1986

EGIL KIM ROLF
in Out In Out In Out

H O 664 442 548 369 1107 886
Hg 67 35 22 88 68 103
{pH) .17 .02 §.67 4.08 £.18 3.89
Na 38 g5 45 93 42 105
K 3 8 2 7 3 4
Ca 9 19 s 13 8 22
Mg 13 27 11 22 12 29
AL ] 19 g 12 ] 11
NH4 34 24 g 7 36 7
N03 38 35 0 iz 38 21
c1 54 114 72 138 52 1486
SO4 61 1386 10 68 70 112
Org.anion 0 2 0 23 0 2
£’ 1684 287 84 242 167 281
) 151 285 82 242 160 281
NLAL - 203 - 258 - 135
T06C - 10.86 - 15.4 - 1.1
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APPENDIX 8.

Sogndal discharge data as measured by NVE and reported as daily means
in 1/s. Due to technical difficulties some of these data are
inaccurate and must be corrected using the factors below.

correction factors for runoff from S0G2 and SOG4

Period 5062 SOG4
830901-831114 0.79 0.53
831115-840630, 0.90 0.87
840701-841112 0.73 1.23
841113-850816] 0.84 86.51
850617-851101] 1.05 1.51
851102-860618, 1.00 0.55
860619-861112, 1.54 0.64
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APPENDIX 9.

SOGNDAL 1 RUNOQFF DATA.
TOC MG C/L, SI02 MG/L.

DATE

8511170000
8511240000
8511300000
8512110000
8605080000
8605110000
8605140000
8605180000
8605220000
8605250000
8605250000
8606020000
8606050000
8606160000
8606250000
8606260000
8606280000
8607060000
8507130000
8607200000
8607270000
8608020000
8608030000
8608160000
8608230000
5608300000
8609060000
8609130000
8609200000
609270000
26 10040000
8610100000
8610180000
8610250000
8610310000
8611060000
8611130000

T W LW W Oy Sy R W g O gy O WU Y O Wt g W W W WDt WD oy U W WL Wt ottt W oy O

PH

.04
.08
.07
.98
.30
.12
.65
.74
.59
.64
.74
.91
.03
.70
.82
.42
.63
.15
.03
.86
.23
.05
.92
.07
.10
.08
.00
.24
.99
213
.14
.06
.94
.86
.89
.96
.70

NA

47.
43.
48.
64.
23.
36.
21.
24.
19.
15.
19.
20.
20.
22.
35.
29.
34.
30.
33.
38.
34.
36.
45.
32.
40.
34.
38.
36.
34.
32.
46.
39.
45.
41.
41.
40.
42.

BN O W OO e s Y e ) WS W O sd U e e s W00 N ] O WD N ) e 0 WU Wy ) W s

UNITS: MAJOR IONS UEQ/L, AL SPECIES UG AL/L,
-99=MISSING DATA.

K

-.;,b_xc'\._t_u..\,h,..sw_huw._sw_\_x__s_a!\)_x_.‘._a_.\..b._\,.h...xgor\)u‘ll\)[\),b
W od U1 W W b G OO UG U o U e WG 00U U W W oW DD W W s W e OO s

ca

25.
25.
27.
32.
13.
15.
14.
15.
11.
12.
17.
16.
16.
18.
17.
16.
18.
15.
17.
16.
16.
16.
18.
16.
19.
19.
21.
22.
22.
21.
22.
22.
25.
24,
18.
24.
22.

WO W OO CWMOOO WO OWMOOCWUO wUu OwvlhuoOCOO UV v O Wb & O

MG

10.
10.
11.
14.

-~

Y
W e N OW W W W W W W0 O~ W W W W W W00 OGO G e O OY WO

W W W WL w O Wwodwwwoo&omdwww O ONI-DMNMNOG NGO O W WwOo G O ds O U = =l

-t
N W

NO3

- NN

B o i e R DO W W e e ed e N e o WO D N W el ] ] ] e YW Wl O e YW OY O

CL

33.
39.
36.
45.
19.
36.
16.
22.
11.
25.
19.
19.
19.
19.
31.
22.
25.
22.
25.
31.
28.
28.
33.
22.
31.
22.
25.
25.
25.
25.
42.
33.
39.
36.
36.
39.
50.

O WD a0 W o e WS Y OO0 NN O O e OO N ] s s W W W ] ) e ] W

504 ALK

31.
27.
37.
37.
25.
27.
25.
25.
20.
18.
22.
20.
22.
25.
27.
29.
25.
50.
33.
35.
35.
39.
37.
39.
50.
29.
.45,
33.
29.
27.
217.
25.
29.
27.
27.
27.
22.

D ood v oh h b ek b e L) 0D e OO UG e D W DD e e OO W 0000 - OWU e B
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27.
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[T Y
-t owd owd W e 00 WD el D ] -
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11
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- B O

NN
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e
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WO e e OO OO OO0 000 0000w O 0O OMNn O 0O - OO0 W ke -
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SOGNDAL 2 RUNOFF DATA. UNITS: MAJOR IONS UEQ/L, AL SPECIES UG AL/L,
TOC MG C/L, SI02 MG/L. -99=MISSING DATA.

DATE PH NA K CA MG NO3 CL S04 ALK ILAL LAL TOC SIO2
8511020000 5.75 33.5 .5 27.9 11.5 1.5 28.2 56.2 .0 10 8 .8 2.4
8511070000 5.75 38.7 2.0 28.4 13.2 1.4 36.7 56.2 1.6 10 3 2.9 2.4
8511170000 5.54 50.9 2.0 42.9 17.3 1.7 42.3 52.0 .0 12 20 9.4 3.2
8511240000 5.54 53.5 4.3 40.4 16.5 2.1 45.1 50.0 12.0 34 12 6.4 1.6
8511300000 5.60 50.9 2.3 40.9 16.5 3.2 42.3 52.0 14.2 25 18 1.2 2.8
8512110000 5.60 70.0 2.6 52.9 23.0 2.9 33.9 70.8 21.8 13 12 1.6 4.4
8605080000 4.69 24.4 1.8 22.0 14.0 2.7 22.6 68.7 .0 20 128 1.4 .9
8605090000 4.78 27.0 3.3 24.0 14.0 2.6 25.4 68.7 .0 23 107 1.3 1.0
8605100000 4.84 24.4 2.0 22.5 13.2 2.5 22.6 60.4 .0 21 83 1.3 .9
8605110000 4.84 31.8 4.6 26.9 14.8 2.9 31.0 68.7 .0 24 120 1.2 1.0
8605120000 4.59 24.4 7.4 12.5 6.6 4.2 25.4 47.9 .0 10 35 1.8 .2
8605130000 5.21 37.4 6.4 34.9 14.8 3.6 28.2 66.6 .0 31 44 1.9 1.5
8605140000 5.22 20.9 1.0 20.0 9.9 1.5 16.9 41.6 .0 21 35 1.1 1.0
8605170000 5.30 20.0 2.8 19.0 7.4 1.6 16.9 35.4 .0 14 35 .8 .9
8605180000 5.29 19.1 2.3 18.0 7.4 1.4 16.9 35.4 .0 15 29 .9 .9
8605220000 5.29 16.5 1.0 16.0 5.8 2.0 11.3 31.2 .0 10 29 1.5 A
8605250000 5.45 16.1 .8 17.5 6.6 1.7 16.9 25.0 .0 10 27 1.5 .9
8605290000 5.60 17.0 .8 20.0 7.4 1.4 16.9 27.1 o 1 5 1.1 1.0
8606020000 5.64 15.7 .8 19.0 6.6 1.1 16.9 25.0 .0 10 5 .8 .9
8606090000 5.61 18.3 .8 22.0 7.4 .4 16.9 31.2 .0 10 13 .8 1.2
8606160000 5.33 22.6 2.0 28.9 9.0 1.1 19.7 43.7 .0 10 30 1.2 1.4
8606190925 5.37 26.5 .8 25.4 11.5 .9 19.7 43.7 0 14 35 1.2 1.4
8606191130 5.21 27.4 .8 25.4 11.5% 1.1 19.7 47.9 .0 13 39 1.4 1.4
8606191230 5.27 27.0 .5 25.9 11.5 .9 19.7 45.8 .0 10 37 1.4 1.4
8606191330 5.29 26.5 .5 25.9 11.5 .8 19.7 43.7 .0 11 31 1.5 1.4
8606191430 5.22 27.0 .5 25.4 1.5 1.0 22.6 54.1 011 35 1.4 1.4
8606191515 5.37 27.0 .5 26.9 11.5 1.0 19.7 45.8 0 10 021 1.4 1.4
8606192030 5.04 30.0 .8 29.4 14.0 1.0 19.7 58.3 .0 13 64 1.4 1.4
8606200000 5.06 29.6 .8 30.9 15.6 .9 25.4 75.0 .0 13 89 1.3 1.5
8606210000 5.07 30.9 1.0 33.4 15.6 .3 22.6 70.8 0011 74 1.4 1.5
8606220000 5.10 30.9 1.3 33.4 15.6 .4 22.6 66.6 .0 11 74 1.3 1.6
8606230000 5.17 32.6 1.3 33.9 15.6 .4 25.4 68.7 .0 11 70 1.4 1.6
8606240000 5.19 33.9 1.5 35.9 15.6 .2 25.4 66.6 .0 10 58 1.3 1.6
8606250000 5.17 33.5 1.5 33.4 16.5 .2 25.4 66.06 .0 10 71 1.5 1.7
8606260000 5.13 34.4 1.3 36.9 17.3 .3 25.4 8.7 .0 10 41 1.7 1.9
8606270000 5.21 36.1 1.3 36.4 17.3 .4 25.4 68.7 .0 10 42 1.3 1.9
8606280000 5.22 37.4 1.3 36.9 17.3 .2 28.2 68.7 .0 10 41 1.4 1.9
8606290000 5.15 37.4 1.8 36.9 17.3 .3 25.4 64.5 .0 10 50 1.3 1.9
8606300000 5.17 37.4 1.8 38.4 17.3 .3 28.2 68.7 .0 10 50 1.3 1.9
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SOGNDAL 3 RUNOFF DATA. UNITS: MAJOR IONS UEQ/L, AL SPECIES UG AL/L,
TOC MG C/L, SI02 MG/L. -99=MISSING DATA.

DATE PH NA K Ca MG NO3 CL S04 ALK ILAL LAL TOC SIO2
8511170000 5.86 43.9 .8 27.4 12.3 1.1 31.0 29.1 15.3 10 42 2.8 2.4
8511240000 5.86 45.2 .5 27.9 12.3 1.5 31.0 27.122.9 10 3 2.4 2.5
8605080000 5.45 21.8 1.3 13.0 7.4 1.6 16.9 20.8 .0 13 17 .8 .8
8605110000 5.57 23.1 1.3 14.5 8.2 1.3 19.7 22.9 .0 13 14 .6 1.1
8605140000 5.71 22.2 1.0 15.0 6.6 .8 16.9 20.8 0 10 5 .5 1.1
8605180000 5.76 20.9 1.0 15.5 7.4 .6 16.9 20.8 .0 10 & .5 1.0
8605220000 5.75 20.4 1.0 12.0 5.8 .6 11.3 20.8 .0 10 5 .8 1.0
8605250000 5.74 17.4 1.0 13.0 5.8 .1 16.9 20.8 1.6 10 4 .6 1.0
8605290000 5.77 20.4 1.0 15.0 6.6 .4 19.7 20.8 .0 10 2 i 1.1
8606020000 5.83 20.4 1.3 16.0 6.6 5 19.7 20.8 0 1 0 1.0 1.1
8606090000 5.93 23.1 1.3 15.5 6.6 1 18.7 22.9 .0 10 O .7 1.4
8606160000 5.76 26.5 1.3 21.0 7.4 .4 22.6 31.2 .0 10 0 .9 1.5
8606250000 5.73 36.5 1.0 19.0 9.9 1.0 25.4 29.1 .0 10 & 1.3 1.5
8606260000 5.84 37.8 .8 19.5 25.% 1.2 25.4 31.2 7.6 10 2 1.4 1.3
8606280000 5.89 40.0 .8 22.0 12.3 2.6 25.4 31.2 8.7 10 2 1.3 H
8607060000 5.81 40.5 .8 2t.5 10.7 2.2 31.0 37.519.7 10 5 1.1 &
8607130000 5.87 43.5 1.0 15.5 9.9 L1031.0 291 .0 16 6 1.9 1.3
8607200000 5.65 43.5 .5 15.5 9.9 1.0 31.0 33.3 .0 10 4 1.2 1.1
8607270000 5.77 45.7 .8 15.0 8.2 1.6 33.9 31.2 1.6 10 0 1.3 .9
8608020000 5.94 39.1 2.6 14.5 7.4 .3 28.2 31.2 1.6 10 0O 1.1 1.5
8608090000 6.05 33.9 .8 18.0 7.4 .3 19.7 22.9 5.3 10 0 1.0 1.6
8608160000 6.00 34.8 .5 16.0 6.6 .6 22.6 35.4 0 10 6 1.1 1.6
8608230000 6.04 33.5 .8 18.5 7.4 10187 31.2 .0 10 4 .9 1.7
8608300000 6.08 38.7 .8 18.0 8.2 .2 25.4 37.5 6.4 10 O .8 1.8
8609060000 6.09 36.1 1.0 21.0 9.9 .3 25.4 25.0 9.8 10 O .6 4.8
8609130000 6.15 35.7 1.0 18.0 8.2 .1 25.4 25.0 7.6 10 O .5 1.8
8609200000 6.07 34.4 1.5 23.0 10.7 .1 28,2 25.0 7.6 10 O .5 1.9
8609270000 6.08 32.6 .5 20.5 9.0 .1 28.2 25.0 .0 10 O 50 201
8610040000 5.86 42.6 1.0 22.5 10.7 .6 50.8 20.8 6.4 10 2 .4 1.7
8610100000 5.87 37.8 .8 21.0 9.9 .1 42.3 25.0 4.1 10 O .3 1.5
8610180000 6.06 40.5 .5 23.0 12.3 .3 39.5 25.0 7.6 10 O .4 1.8
8610250000 6.06 41.8 .5 20.5 10.7 .1 42,3 22.9 8.7 10 O .4 1.8
861031C000 5.92 38.3 .5 18.5 9.9 L142.3 22,9 2.9 10 O .4 1.6
8611060000 5.87 37.4 .8 24.0 9.9 .1 48.0 20.8 .0 10 O .5 1.5
8611130000 5.74 41.3 1.0 24.5 14.0 .1 56.4 20.8 .0 10 6 .6 1.4
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SOGNDAL 4 RUNOFF DATA. UNITS: MAJOR IONS UEQ/L, AL SPECIES UG AL/L,
TOC MG C/L, SI02 MG/L. -99=MISSING DATA.

DATE PH NA K ca MG NO3 CL S04 ALK ILAL LAL TOC SIO2
8605080000 5.15 22.2 1.8 19.5 9.0 8.3 16.9 35.4 .0 23 36 1.3 1.0
8605090000 5.06 20.4 2.0 20.5 9.9 7.9 16.9 37.5 .0 21 42 1.1 1.1
8605100000 5.23 20.9 1.8 19.0 9.0 6.8 16.9 35.4 .0 21 30 1.1 1.1
8605110000 5.16 23.9 2.6 21.5 9.9 7.4 19.7 35.4 .0 23 50 1.2 1.4
8605120000 5.33 34.4 7.7 22.0 10.7 6.9 31.0 35.4 .0 26 36 1.6 1.3
8605130000 5.48 30.0 2.6 30.9 12.3 7.1 19.7 37.5 .0 32 13 1.5 1.6
8605140000 5.36 22.2 1.5 20.0 8.2 5.5 16.9 33.3 .0 22 17 1.3 1.3
8605170000 5.38 19.1 1.5 19.0 7.4 3.6 14.1 27.1 .0 24 25 3.3 1.1
8605180000 5.41 19.1 2.0 18.5 6.6 3.1 16.9 25.0 .0 24 18 2.6 1.1
8605220000 5.49 20.4 1.8 17.5 6.6 3.4 14.1 29.1 0 24 17 2.6 1.1
8605250000 5.52 14.8 1.5 15.0 5.8 2.5 14.1 20.8 1.6 22 23 2.7 .8
8605290000 5.54 17.0 1.5 19.0 6.6 2.1 16.9 20.8 .0 23 10 1.4 1.0
8606020000 5.84 17.4 2.6 21.5 5.8 1.9 16.9 18.7 4.1 11 12 1.3 1.0
8606090000 5.70 23.5 .8 22.5 7.4 .4 19.7 271 0 16 20 1.2 2.0
8606160000 5.73 32.6 1.5 33.9 9.9 .3 28.2 41.6 2.9 13 11 1.6 2.8
8606191700 5.35 39.1 1.8 26.4 11.5 9 1%.7 39.6 .0 47 3% 4.1 2.7
8606191800 5.28 39.1 1.8 25.9 11.5 2.6 22.6 43.7 .0 46 35 3.8 2.7
8606191900 4.70 40.0 1.8 28.9 12.3 14.3 19.7 62.5 .0 40 69 3.3 2.7
8606192000 4.40 41.3 1.8 37.9 16.5 32.5 19.7 87.4 .0 44 129 3.6 2.6
8606192100 4.20 41.8 1.8 46.9 20.6 47.8 1%.7 114.5 .0 46 148 3.5 2.5
8606192200 4.23 42.6¢ 2.0 58.9 25.5 57.5 19.7 131.2 .0 45 211 3.3 2.3
8606192300 4.15 43.1 2.0 53.9 23.9 56.8 19.7 129.1 .0 44 180 3.4 2.4
8606201100 4.76 46.5 2.0 55.9 24.7 22.1 18.7 108.3 .0 44 167 2.8 2.5
8606210000 5.39 34.4 1.3 29.9 11.5 .3 28.2 52.0 0 te 21 1.7 2.4
8606220000 5.50 37.4 1.5 29.4 11.5 .1 28.2 45.8 .0 14 17 1.7 2.6
8606230000 5.70 72.2 22.8 35.4 13.2 1.3 56.4 58.3 14.2 21 38 4.2 3.2
8606240000 5.58 37.8 1.3 31.4 13.2 .4 28.2 41.6 0 13 1% 1.4 2.7
8606250000 5.55 53.1 2.6 37.9 14.0 4.9 39.5 45.8 9.8 17 20 1.6 3.5
8606260000 5.55 53.5 3.6 32.4 13.2 1.3 39.5 54.1 .0 13 18 3.7 3.6
8608020000 5.40 43.9 1.5 39.4 14.8 1 25.4 77.0 4.1 36 32 2.5 3.6
8608090000 5.74 31.3 1.3 25.4 9.0 6 22.6 47.9 .0 24 15 1.7 2.4
8608160000 7.80 36.1 1.3 29.9 9.0 5 28.2 47.9 .0 26 17 1.5 2.9
8608191500 5.54 28.3 1.0 27.4 10.7 4 19.7 29.1 .0 47 31 3.1 2.5
8608191600 5.81 28.3 .5 26.9 9.9 5.0 18.7 39.6 .0 46 57 3.1 2.5
8608191700 4.63 28.7 .5032.9 12.3 20.3 15.7 68.7 .0 42 86 3.0 2.5
8608191730 4.68 239.3 3.8 59.9 48.5 21.8 245.4 183.2 0 46 128 2.6 2.7
8608191800 4.44 29.¢6 .8 40.9% 15.6 35.7 19.7 102.0 .0 47 130 3.1 2.4
8608191900 4.30 30.9 .8 48.9 18.1 46.1 18.7 120.8 .0 47 151 3.4 2.4
8608192000 4.28 31.8 1.0 56.9 21.4 52.8 19.7 135.3 .0 47 154 3.0 2.2
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8610011245 4.19 30.9 2.0 53.4 19.7 50.3 33.9 114.5 .0 34 176
8610011345 4.12 ‘31.8 2.3 58.4 22.258.2 33.9 139.5 .0 31 204
8610011900 4.25 32.6 2.3 65.4 24.7 52.1 33.9 131.2 .0 36 226
8610040000 5.41 47.0 4.1 31.4 18.1 .9 53.6 54.1 2.9 21 35
8610050000 5.45 32.6 .8 26.4 11.5 .2 36.7 33.3 2.9 22 28
8610070000 5.60 39.6 6.6 27.9 10.7 .3 45.1 31.2 9.8 22 23
8610080000 5.68 31.8 .8 27.4 10.7 .4 33.9 31.2 2.9 19 3
8610090000 5.71 33.1 .5 26.9 10.7 .4 33.9 33.3 .0 10 21
8610100000 5.53 32.6 .8 28.9 10.7 .1 36.7 37.5 4.1 10 21
8610110000 5.28 47.8 1.0 40.4 15.6 .1 64.9 41.6 1.6 32 44
8610120000 5.67 31.3 .5 25.0 9.9 .1 33.9 35.4 .0 18 9
8610180000 5.63 37.0 .5 27.9 11.5 .6 31.0 35.4 6.4 13 M
8610250000 5.57 37.0 .5 24.5 9.9 .8 33.9 33.3 5.3 12 13
8610310000 5.35 39.6 .5 25.0 10.7 .4 42.3 33.3 .0 33 37
8611060000 5.70 32.2 .5 28.9 9.9 .2 39.5 291 0 13 17
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APPENDIX 10.

SOGNDAL PRECIPITATION. WEEKLY-BULK SAMPLES. UNITS:UEQ/L

DATE DATE MM PH NA K CA MG NH&N NO3N cL 504
oM OFF

851101 851104 2.9 §5.88 4£7.8 21.2 5.0 90.5 13.86 4.3 58.2 80.
851104 851111 26.4 4£.465 34.8 4.9 5.0 65.8 1.3 19.3 38.5 5¢.
851201 851208 14.3 4.72 13.0 3.6 5.0 2.5 6.4 12.2 14 .1 19.
851209 851216 43.9 5.08 26.1 14.3 5.0 3.3 12.2 10.0 31.0 21.
851216 851222 36.9 5.1&4 17.4 3.1 0.0 2.5 2.9 5.0 16.9 11.
860101 8560106 8.9 4.88 256.1 5.6 3.5 4.9 2.9 9.3 28.2 14.
860106 860113 16.6 4.81 27.0 8.2 6.0 4.9 10.0 14.3 28.2 15.
860113 860120 7.3 5.98 180.1 53.7 13.5 11.5 72.8 13.86 177.7 26.
860217 860224 8.9 5.43 118.3 36.1 11.5 3.8 £4.3 28.6 110.0 37.
860224 880301 2.9 5.02 100.1 22.2 3.5 1.5 31.4 20.0 98.7 35.
860301 860303 9.8 5.44 63.5 22.2 8.5 5.8 23.6 7.9 70.5 14.
860303 860310 11.8 4.83 28.7 5.1 .5 &1 15.7 23.86 33.9 20.
860317 860324 21.0 4£.80 37.4 10.2 8.0 4.9 22.1 19.3 39.5 27.
860324 860331 2.3 4.9% 89.6 46.0 4.0 12.3 27.8 28.6 93.1 31.
860407 8BO414 2.5 4.863 27.0 6.4 8.5 3.3 i6.4 15.0 3t1.0 29,
860428 680501 21.0 £.58 2.8 2.3 9.0 2.5 30.0 16.4 5.8 50.
860505 860512 10.0 4.686 6.1 2.0 12.0 1.6 2.9 .7 5.8 35.
860512 8B0519 17.2 4.53 Z2.6 .3 3.0 .8 14.3 13.86 5.6 31.
880519 880528 17.2 4.34 38.3 3.1 5.0 71.% 2.9 .7 38.7 50.
850526 860602 19.1 4.56 13.1 1.5 3.0 6.1 14.3 15.7 6.1 31.
BE0E02 860609 25.8 £.59 1.7 1.8 2.0 .8 5.0 1.4 2.8 22.
860609 860618 8.8 4.03 13.9 6.1 8.5 4.1 85.7 27.1 1.3 161,
460616 860823 1.7 4.43 6.1 3.3 4.5 2.5 2.9 1.4 2.8 645,
860701 860707 7.0 5.98 26.1 37.1 10.0 4.3 111.5 25.7 31.0 86.
BEDTO7 860714 5.7 4.83 17.4 6.9 5.0 2.5 2.9 0.0 16.9 21.
860714 8B0721 8.9 ¢.32 13.0 3.1 10.0 6.1 6.0 10.7 11.3 65.
860721 860728 3.3 5.10 13.0 10.2 5.0 1.6 0.0 0.0 4.1 15.
B50728 860801 24.5 &£.8B3 .6 LI 5.0 1.8 7.2 0.7 2.8 28.
860801 B860B0L 2.4 4.57 13.0 10.8 10.0 4.1 0.0 0.0 16 .1 £7.
860804 860811 51.8 4.48 17.4 7.9 5.0 1.8 £.3 5.0 19.17 32.
B6E0B11 860818 8.9 4£.38 17.4 10.8 5.0 2.5 0.0 .0 18.7 bé .
850818 BE0B25 19.4 4.73 6.4 2.0 0.0 0.8 7.2 6.2 2.8 14.
860301 860908 28.3 5.39 17.4 2.6 0.0 3.3 4.3 0.0 22.6 13.
860308 860315 3.2 5.186 8.7 6.1 0.0 0.0 0.0 8.0 8.5 3.
860915 8B0%22 33.1 5.81 74.0 398.2 10.0 7.4 30.0 6.4 87.4 22.
860922 860929 25.2 5.02 21.8 2.6 5.0 3.3 0.0 0.0 25.4 5.
860929 861001 14.3 5.21 39.2 5.4 5.0 5.8 0.0 3.6 £2.3 17.
861001 851008 27.1 5.07 95.7 3.8 5.0 21.4 0.¢ 6.0 112.8 50.
861006 851013 19.1 4.88 17.% 4.1 0.0 3.3 4.3 3.6 22.8 23.
861013 861020 15.0 5.08 130.5 20.0 10.0 28.8 0.0 6.7 166.4 g1.
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861020 861027 2.9 5.30 26.
861027 861103 24.2 5.30 17.
861103 861110 60.8 5.18 73.
861110 861117 48.% 4,15 23,
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