YUKON GOLD ICE PAD TUNDRA VEGETATION ASSESSMENT:
1993 Through 1995

Final Report

LGL ALASKA RESEARCH ASSOCIATES, INC.
4175 Tudor Centre Drive, Suite 101
Anchorage, Alaska 99508

For

BP EXPLORATION (ALASKA) INC,
P.O.Box 196612
Anchorage, Alaska 99519-6612

In Compliance to Department of the Army Permit Number 4-930426 {Staines River 1)

29 March 1996



YUKON GOLD ICE PAD TUNDRA VEGETATION ASSESSMENT:
1993 Through 1995

Final Report

LGL ALASKA RESEARCH ASSOCIATES, INC.
4175 Tudor Centre Drive, Suite 101
Anchorage, Alaska 99508

For

BP EXPLORATION (ALASKA) INC.
P.O. Box 196612
Anchorage, Alaska 99519-6612

In Compliance to Department of the Army Permit Number 4-930426 (Staines River 1)

29 March 1996



YUKON GOLD ICE PAD TUNDRA VEGETATION ASSESSMENT:
1993 Through 1995

Final Report

Prepared By

LynnE. Noel
Rabert H. Pollard

LGL ALASKA RESEARCH ASSOCIATES, INC.

4175 Tudor Centre Drive, Suite 101 .
Anchorage, Alaska 99508

For

BP EXPLORATION (ALASKA) INC,
P.O. Box 196612
Anchorage, Alaska 99519-6612

In Compliance to Department of the Army Permit Number 4-930426 (Staines River 1)

29 March 1996



EXECUTIVE SUMMARY

This report describes results from the second growing season after melt of the 1992-1994
Yukon Gold ice pad, located approximately 5 km west of the Staines River at T8N, R23E, Sect.
13, Umiat Merdian, Alaska. In 1993, a baseline vegetation study was conducted to characterize
the tundra vegetation in the area surrounding the multi-season ice pad. In 1994, the first growing
season after the ice pad was allowed to melt, live vegetation cover within the pad footprint was
compared with control sites outside of the pad footprint. All classes of vegetation for paired
control and impact plots were reduced in 1994; live vegetation (f = 4.703, p<0.0001), graminoid
(r = 4.998, p<0.0001}, forb (¢ = 2.716, p=0.0123), shrub (z = 4.733, p<0.0001), and combined
vascular plant cover (t = 7.564, p<0.0001). The threshold of 270% of control live végctation
was not met, requiring continuation of monitoring in 1995.

In 1995, significant differences in live vegetation (¢t = 6.801, p<0.0001), graminoid (¢t =
6.062, p<0.0001), shrub (¢ = 4.709, p<0.0001), and combined vascular plant cover {r = 8.234,
p<0.0001) were measured between paired control and impact plots. In association with these
differences in live cover was a significant increase in barren cover (¢ = -6.927, p<0.0001) within
the pad footprint. Non-vascular plant cover, primarily mosses, and forb cover were not different
between control and impact plots.

The live vepetation cover within the pad footprint was 67% of the control area in 1994
and 66% in 1995. With the addition of 50% of the control taxa standard deviation, percent of
control live vegetation cover within the pad footprint was 53% of the control area in 1994 and
38% in 1995. Because the impact to live cover was greater within the 2 m edge zone, the overall
~recovery within the pad footprint may be more accurately described by omitting the edge plots.
When the edge zone is excluded, the percent of live vegetation within the pad foolprint increased
to 75% of the control area.

There was no evidence of thermokarsting or subsidence of the tundra surface except in
the area of the well head and the short trench on the south edge of the pad footprint. The most
obvious ice pad impacts were compaction and decreased live cover on strangmoor ridges, and

decreased live cover at the pad edges. New graminoid seedling growth was observed. Forbs
have apparently already returned to normal levels within the impact area. Strangmoor ridges
may be visibly impacted for a much loﬁger period. The effects of the multi-year Yukon Gold ice
pad appear to be similar to effects of ice roads, seismic trails and snow pads, except for the lack
of decrease in non-vascular plant cover and lack of increased thaw depth for the pad area.

Recovery should continue in a similar fashion for several additional years.



TABLE OF CONTENTS

EXECUTIVE SUMMARY ...t erersssss s seesseaesetsusesceasssessssesssasss sasssessasssssnsssesens i
TABLE OF CONTENTS ... et nese st s se s ssin st s st vmes e s s s s asns s smsssnas sressasane sesess ii
LIST OF FIGURES ..ottt e tsesssase e s s et sa s e st s sesemassntssanesnasassssasaranasaes it
LIST OF TABLES ...t ettt sttt et s e iv
LIST OF APPENDIX TABLES .........c.ccoeoiivrnnea. et v
INTRODUGCTION ...ttt ottt ettt st se et se e m s anesaems s mam s s e nmesasemeerrsrasasseras 1
METHODS ..ottt et ss ettt e e s b st ss st e es s e e e s e e et at st amesmn bhem e e e ren e mraen 2
Study Design and SAMPLNE .......ccoeevrier it en st sse e s e sneeneens 2

DA ANALYSIS 1.evveririeeeeieiiniieieieee it e et eesiste e iasesassessssessenssssasabe st b easerbeatme oo nassemnesnesbesran 7
RESULTS .ottt sttt s er st s s h e e r s memene e tte s mta ereseaeanens seenene 7
DeSCHPUOM Of the ATEA ..cuviiieceiieeeiciiiiiei ettt erae st e e ess e res e e s bes et sss s ssan seasesrssnnssaseans 7

Pooled PLot ARALYSES .ot cevscerets e e et m et e e s enan s 12

Paired PIOt ADALYSES ...c.coviiirreririesierieiiinsieresieessesertesessnesererssessensrssesssssassssss sassssssssasesnaessons 20
Vegetation Monitoring REGUITEMENES .....cvoioveierieeeeierietreee s nreesins st eseessessnssesernenssco 29
DPISCUSSION L.ttt bbb s s S b s e b de s e s ba b st b en 29
CONCLUSIONS L.ttt ettt ettt et em st cas e ese s eattebeb e es s et e m et b eb e st s s snseseos s naessenranannacs 33
LITERATURE CITED ... cveseieseerssnese s aesnseresseseesaeetsaeenseetesssnaee sesssasssressessesssesassanis 34
APPENDIX A. SPECIES LIST FOR YUKON GOLD SITE MONITORING .......corenveae. A-1
APPENDIX B. 1993 YUKON GOLD VEGETATION DATA ...ccconiiiiiiiirecacamrenenene B-1to B-4
" APPENDIX C. 1994 YUKON GOLD VEGETATION DATA coroveoeeoeesscercerereeeen C-1toC-6
APPENDIX D. 1995 YUKON GOLD VEGETATION DATA ......cooonieeenrvrescrseens D-1to D-6
APPENDIX E. YUKON GOLD ICE PAD PERMIT .......cccocco i, E-110E-1l

i



Figure 1.
Eigure 2.
Figure 3.
Figure 4.
Figure 5.
Figure 6.
Figure 7.

Figure 8.
Figure 9.

Figure 10.

Figure 11.

Figure 12.

LIST OF FIGURES

Sample frame used for point-method vegetation sampling at the
Yukon Gold site, Alaska, for monitoring studies during 1993 to

1995, Photo 29 JULY 1995, ..o oeiieere e siereeensemssssesassesvessssssssemnsssrossnsmnsresneneas

Sample locations for paired vegetation plots at the Yukon Gold site,
Alaska, for data collected 2-4 August 1994, with references to visual

impacts (1994 color infrared Photo)........cerevveemtsecsieriemrreesecesersiseee st saemas

Sample locations for patred vegetation plots at the Yukon Gold site,
Alaska, for data collected 27-29 July 1995 (10 August 1995 color

INErared PROO). ..ccoviiiiiiiiie et ce e et ansaass s s enne e mmes e

Color infrared photo of the Yukon Gold site, 10 August 1995,
showing disturbances and vegetation sampling plots for 27-29 July

D et e b s s et e ettt e men e e enne s

East edge of the Yukon Gold site footprint, Alaska, illustrating
vegetation recovery within the "edge effect” after two growing

SEASOMS. .1erueesiestessreitniissctesnseesssatasres e raaeeseeraras s mea s easenaaa e enar e an s ass s aabe benranaaes

Strangmoor ridges within and outside the Yukon Gold site footprint,
Alaska, illustrating the effect of compaction and the extent of

recovery after two growing seasons, photos 29 July 1995, ...l

Area of subsidence and an area of decreased live vegetation near the
well head within the Yukon Gold site footprint, photos 29 July

LGS e et et et en A eae e

Diesel spill area within the footprint of the Yukon Gold site, Alaska,

Photos 29 TULY 1995, ... cersare s eae s ar s v

Trench on the south edge of the Yukon Gold site, Alaska, facing

east, photo 29 July 1995...... e

Comparison of means, standard deviations and ranges for 1994 and
1995 percent live vegetation cover and percent graminoid vegetation

cover at the Yukon Gold site, Alaska, ....cooeveeveerciiiimnncece i cernerenea e,

Vegetation cover within the Yukon Gold site, Alaska, showing

vegelation recovery after two growing seasons, photo 29 July 1995. ..........

Mean differences (395% Confidence Interval) between members of
individual plot pairs for control (1993, n=25) and post-impact (1994,
n=24; 1995, n=25) live vegetation and graminoid cover at the Yukon

Gold ice pad, Alaska ...

i

........... 4

........... 9

......... 10

U § |

......... 13

......... 14

......... 19

)



Table 1.
| Table 2.
Table 3.
Table 4.
Table 5.
Table 6.
Table 7.
Table 8
Table 9T

Table 10.

Table 11.

"~ LIST OF TABLES

Mean number of hits and percent cover by vegetation category for
impact and control plots at the Yukon Gold site, Alaska, for data
collected 2-4 August 1994 and 27-29 July 1995 ..o, 16

Mean number of hits and percent cover by plant taxa for impact and
control plots at the Yikon Gold site, Alaska, for data collected 24
ABZUSE 1994, cieiriiececer cir et eeasae s anenesaaecae s saressensasemeramebaaennensesreenneas 17

Mean number of hits and percent cover by plant taxa for impact and
control plots at the Yukon Gold site, Alaska, for data collected 27—
2O TULY L1905 ettt et s b e e saeaa st e i 18

Mean number of hits and percent cover by vegetation category for
impact and control plots at the Yukon Gold site, Alaska, for data
collected 13-16 July 1993, 2-4 August 1994, and 27-29 July 1995.......coovrvmnern 21

Results of paired-sample ¢ tests comparing impact and control plots
by category for data collected 2-4 August 1994 and 27-29 July 1995 :
at the Yukon Gold site, AlASKA ........oooiiiiiecciis it cee s eeeecevensesaes v eeensaaesas 23

Results of paired-sample ¢ tests comparing impact and control plots
by plant taxa for data collected 2—4 August 1994, at the Yukon Gold
By LTI L Y T - VOOV O PR 24

Results of paired-sample ¢ tests comparing impact and control plots
by plant taxa for data collected 27-29 July 1995 at the Yukon Gold
I8, ABASKA -.eeuviiriiieteci e eras ettt et et b et nan s eaeas 25

Number of hits for live vegetation cover data from 1993, 1994, and
1995 Yukon Gold site, Alaska, monitoring data used in Before-
After-Control-Impact (BACI) analysis for Figure 10 ... 27

Number of hits for graminoid vegetation cover data for 1993, 1994,
and 1995 Yukon Gold site, Alaska, monitoring data used in Before-
After-Control-Impact (BACI) analysis for Figure 10 .o 28

Percent of control live vegetative cover at impact and control plots
for 1994 and 1995 at the Yukon Gold site, Alaska. ..ococvrrioeciiceciici e 30

Reported effects of winter ice roads, winter seismic trails, and snow
pads on tundra vegetation at sites in Arctic Alaska and Canada ........cco.covvmeeereien. 32

v



Table A-1.

Table B-1.

Table B-2.

Table C-1.

Table C-2.

Table D-1.

Table D--2.

LIST OF APPENDIX TABLES

Plant taxa identified at the Yukon Gold site, Alaska, during

vegetation studies conducted surnmer 1994 and summer 1995. .....ccocoorninnnnnn. A-1

Numbers of hits by category for pooled plot comparison (based on a

total of 50 hits/plot) for 1993 Yukon Gold site, Alaska.......cocoveviencnc.

Number of hits by category of paired plot comparison (based on a

total of 50 hits/plot) for 1993 Yukon Gold site, Alaska........coceeveieeeeirreerecieriecnnas B-3

Number of hits by plant taxa for paired plot  tests and pooled plot
means, based on two hits per sampling point for a total of 100 hits

per plot for 1994 Yukon Gold site, Alaska. ..o

Number of hits by category for paired plot f tests and pooled plot
means, based on two hits per sampling point for a total of 100 hits

per plot for 1994 Yukon Gold site, AIaSKa. .....cooecverrearermicnineensissieecisseeas

Number of hits by plant taxa for paired plot £ tests and pooled plot
means, based on two hits per sampling point for a total of 100 hits

......... C-1

......... C-5

per plot for 1995 Yukan Gold site, AlasKa. ...ocoooveiiniimene e nnee e D-1

Number of hits by category for paired plot ¢ tests and pooled plot
means, based on two hits per sampling point for a total of 100 hits

per plot for 1995 Yukon Gold site, Alaska. .....oo.ovemicincie e D-5



INTRODUCTION

In the winter of 1992-1993, BP Exploration (Alaska) Inc. (BPXA) constructed the Yukon
Gold ice pad approximately 16 km south of Point Thomson and 5 km west of the Staines River at
T8N, R23E, Sect. 13, Umiat Merdian, Alaska. The pad was insulated over the 1993 summer and
was subsequently used to support equipment for dri.lling an exploratory well during the 1993-
1994 winter. During summer 1993, BPXA and LGL Alaska Research Associates, Inc. (LGL)
initiated a study to evaluate the potential effects of this ice pad on tundra vegetation. Using ice
pads which are maintained over the summer is a new approach to oil exploration in the arctic,
and therefore the effects on tundra vegetation are unknown. There are studies which document
the effects of compaction on tundra vegetation from winter ice roads (Brown and Grave 1979;
Walker and Webber 1980; Walker et al. 1987), but with an ice pad which is maintained over the
suminer, the vegetation also loses a growing season. This study evaluates the joint effects of
compaction and loss of a growing season on tundra vegetation, and documents tundra damage
resulting from sources other than the ice pad.

In summer 1993, the vegetation and plant cover in the area sumrounding the ice pad was
characterized (Kertell 1993), with the goal of evaluating the effects of the multi-year ice pad on
plant cover during subsequent monitoring. Impact live vegetation cover measured during
summer 1994 was 33% of control live cover, when calculated with the addition of 50% of the
cumuiative control cover standard deviation. This was less than the threshold 709% of control
live cover required by permit to suspend further monitoring. These results necessitated a

continuation of live cover monitoring during summer 1995 (Schick and Noel 1995).

All three years of monitoring data (1993 to 1995) are summarized within this report
(Appendix A through D). Live vegetation cover and species composition in the area surrounding
the pad and within the footprint of the pad for 1994 and 1995 monitoring data (Appendix C and
D} are compared to evaluate the impact of the ice pad on pre-existing tundra vegetation. Results
of 1995 monitoring are compared to 1993 and 1994 monitoring data. Moss species
identifications previously unavailable for 1994 data are presented. The Yukon Gold Monitoring
Plan: Vegetation 1993-1996 which provides the basis for this study is presented in Appendix E.



METHODS
Study Design and Sampling

The study design involves sampling the vegetation surrounding the ice pad (control
plots), and sampling the vegetation in the "footprint" of the pad (impact plots) after it melted in
summer 1994 (as per the Yukon Gold Monitoring Plan, Appendix C). The study is modeled
after a general impact assessment study design presented by Stewart—Oaten et al. (1986), and is
designed so that possible differences in plant phenology or sampling dates among years are
controlled for experimentally by sampling paired control and impact sites in each year. Plant
phenology or live plant cover may vary among years, for example, due to a substantially late or
early snow melt relative to the other years or disparate sampling dates. This experimental design
detects impacts independent of these potentially confounding effects. The detection of an impact
depends on the assumption that the vegetation and plant cover around the perimeter of the pad
(where control plots were sampled in 1993) did not differ, before development, from the
vegetation and plant cover under the pad (where impact plots were sampled in 1994 and 1995).
That is, any differences found in vegetation and plant cover between control and impact sites
must be assumed to be due solely to the effect of the ice pad.

We evaluated this assumption in 1994 by scrutinizing large scale (1955, 1:53,000 black
and white, and 1979, 1:60,000 color infra-red) pre-development aerial photographs and
determined the vegetation under and around the pad appeared homogeneous. This area was
fairly uniform in vegetative cover, with little variation in color or texture. Because vegetation
under the pad looked similar to the surrounding area in pre-development photographs, the
assumption that the two areas did not differ was considered valid (Schick and Noel 1995). The
area where the Yukon Gold ice pad was placed is within a large expanse of wet strangmoor
vegetation which stretches for several kilometer in all directions.

In 1993, 25 paired plots (50 total plots) were sampled outside the ice pad boundaries from
13-16 July (Kertell 1993). These data indicated that the undisturbed vegetation surrounding the
pad was statistically homogeneous on a large scale, and that this intensity of sampling was
sufficient to overcome micro-geographic differences in vegetation and plant cover. In 1994, we
sampled at the same intensity, although later in the season, 2—4 August, to gather data on taxa
missing from the 1993 data. In particular, grasses and some forbs are not conspicuous on the
Arctic Coastal Plain until August, and many of these taxa were absent from the 1993 data
(Kertell 1993). This change did not result in early flowering taxa being underrepresented,
because early flowering taxa were not yet senescing, and were still identifiable by fruit and



vegetative structures in early August. In 1995, sampling was conducted on 27-29 July, grasses
and forbs were 1n flower.

Vegetation sampling was conducted using the point method. This method is the preferred
techntque for measuring cover in low growing vegetation (Mueller—-Dombois 'and'Ellehberg
1974; Hays et al. 1981). Vegetation sampling was conducted using a 1m? frame constructed of
1" aluminum bars fitted with adjustable legs at each corner (Kertell 1993) (Fig. 1). This frame is
subdivided into 100 square decimeters by monofilament line wrapped at two levels to create a
"crosshair” sighting device (Fig. 1}. Five randomly selected locations were used in each of the
ten rows for a total of 50 sample points. Within the frame, sample points for each plot were
determined by sighting through the frame's "crosshairs" and recording two specific points of
intersection, one in the canopy and one on the ground. These intersections are termed "hits.”
After recording sightings at both the canopy and ground layers for a sample of 50 points in a
plot, a new plot location was selected and the process was repeated.

These data permit calculations of percent cover as follows:

number of hits for species A
total number of sample points = 50

x 100

% Cover =

This results in a total possible ground cover of 200%, 100% for the canopy layer and
100% for the ground layer.

In 1993, estimates of percent cover were obtained by recording only the first hit from
each "crosshair” sighting; i.e. either canopy or ground hits, not both, were recorded. This
- approach resulted in a maximum of 50 hits per m? plot and a maximum cover value of 100% for
all categories combined. This methodology results in an accurate estimate of plant cover at the
canopy level, but underestimates the ground cover of mosses and lichens (Kertell 1993). To
more adequately describe this twa layered plant community, in 1994 and 1995 we recorded both
the first canopy hit and the ground layer hit for each "crosshair" sighting as explained above.
This ailowed us to more accurately determine the impact of the Yukon Gold ice pad upon both
the vascular plant community and the non—vascular plant community. Where 1993, 1994 and
1995 data are compared, a total possible ground cover of 100% is used by combining canopy and
ground cover for 1994 and 1995 and dividing by the total 100 hits per 50 sample points,

In 1994 and 1995, we sampled 25 control plots outside the boundary of the ice pad, and
25 impact plots within the boundary of the melted ice pad (Fig. 2 and 3). Prior to sampling, we

located the reinforced steel rods ("rebar") placed at the pad boundary corners and marked the



Figure |. Sampling frame used for point—-method vegetation sampling at the Yukon Gold site,
Alaska, for monitoring studies during 1993 to 1995, photo 29 July 1995. A.—view of
frame within ice pad footprint. B —close—up view of cross-hairs at location outside the
pad footprint
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Yukon Gold Ice Pad - 1995 (2nd Summer Post Melt)
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Figure 3. le locations for paired vegetation plots at the Yukon Gold site, Alaska, for data collected
27-29 July 1995 (10 August 1995 color infrared photo). Plot numbers refer to data in Appendix D.




boundary of the ice pad with laths to delineate control and impact areas. The boundary of the ice
pad remained obvious from compaction of vegetation and increased plant mortality at the edge of
the pad footprint. Impact plots were randomly sampled within a numbered grid overlaying the
ice pad map. Areas impacted by the well head, trench, and diesel spill were removed from
sampling. Impact sites were located by measuring from the nearest pad corner and then
perpendicular and within the pad boundary. The corresponding control plots were then located
using either 20, 40, 60, or 100 m distances perpendicular and away from the pad boundary. Both
contrel and impact plots in each pair were sampled on the same day. An area to the north of the
pad site was used to pile snow, removed while the ice pad was in use. This resulted in some
minor, patchy disturbances such as trash accumulation and scrapes on the tundra surface. In this

area, control sites were located by moving 60 and 100 m away from the pad boundary.
Data Analysis
The null hypothesis tested in this study was:

Ho:  There is no difference in plant cover between the area previously covered by the

Yukon Gold ice pad and the surrounding control area.

Test:  Paired ¢ tests were used to compare plant cover values in impact versus control

plots.

Plot data were analyzed in two ways. First, vegelation plot data were pooled and mean
percent cover for impact and control plots were calculated to illustrate the relative contribution of
the different cover types {complete data for 1994 in Appendix C, Table C-1 and C-2; for 1995 in
- Appendix D, Table D-1 and D-2). Second, two-tailed paired-sampie f tests were used to test for
differences in cover values between paired impact and control plots. We conducted paired tests
for each taxon separately and for natural groupings (graminoids, forbs, shrubs, vascular plants,
and non-vascular plants) to evaluate responses of specific taxa and the vegetation as a whole to
compaction and the loss of a growing season. Finally, percent cover was calculated to determine
the "Percent of Control” vegetation for compliance with the Yukon Gold Monitoring Plan
(Appendix E).

RESULTS
Description of the Area

The site of the now-melied Yukon Gold ice pad lies within a large area of continuous wet
graminoid, dwarf shrub tundra (Walker and Webber 1980), which extends nearly unbroken for



several kilometers in all directions and slopes very gradually and almost imperceptibly down to
the Staines River some 5 km to the east. A small, beaded stream occurs approximately 1.5 km to
the west. Prominent micro-sites in the area are the abundant strangmoor ridges and the
somewhat less common frost boils. The area is apparently completely flooded with melt water in
early spring (Declan Troy, pers. comm.). By mid-July, the area was fully drained, but heavy
Tains prior to sampling on 27-29 July left flooded tundra and saturated soils across most of the
‘sampling area. The peat soils in the area contain a large component of gravel not far below the
tundra surface and this may contribute to the relatively good drainage in the area.

There were several impacts from the ice pad visible in 1995 (Fig. 4).

I. The prominent “edge effect” described in 1994 was still clearly discernible
because of the increase in dead vegetation (Fig. 5) and visible standing water
(water appears black on color infrared, Figs. 3 and 4). The edge varied in
width, but was roughly 1 m covering approximately 0.22 acres, or 8% of the
pad area. Edge plots 9, 15, and 22 averaged 10% live cover in 1995 (Fig. 4,
Appendix D).

2. Several additional irregularly shaped areas of plant mortality extended from
the edge into the pad’s footprint, especially along the east pad edge and at
one location on the south pad edge. These areas were less conspicuous and
generally showed greater vegetative recavery than the edges. Plots 14 and 16
within these areas averaged 25% live cover (Fig. 4, Appendix D). However,
some of the mortality along the east edge of the pad footprint may be a result

of surface water spread of a nearby diesel spill.

3. The strangmoor ridges within the pad arca continued to show damage due to
compression and, in a few cases, scraping. These areas appear as light worm-
like tracks on the color infrared image (Fig. 4). In contrast, the intervening,
low-lying wet areas sometimes appeared scarcely different from similar areas
outside of the pad. Figure 6 illustrates the lack of vascular plant cover on
ridges and the damaged moss mat, especially as compared to a nearby normal

ridge.



Yukon Gold Ice Pad - 1995 (2nd Summer Post Melt)
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Figure 4, Color infrared photo of the Yukon Gold site, 10 August 1995, showing disturbances and
vegetation sampling plots for 27-29 July 1995. Plot numbers refer to data in Appendix D.




Figure 5. East edge of the Yukon Gold site footprint, Alaska, illustrating vegetation recovery within
the "edge effect” after two growing seasons. Edge effect is distinguishable because of
reduced live cover and reduced standing dead vegetation, photo 29 July 1995.



Figure 6. Strangmoor ridges within and outside the Yukon Gold site footprint, Alaska, illustrating
the effect of compaction and the extent of recovery after two growing seasons, photos
29 July 1995. A —strangmoor ridge within pad footprint. B —strangmoor ridge out-
side of pad footprint.
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In addition there were several impacts not directly attributable to the ice pad, but which
resulted from drilling activities. These areas cover between 0.24 and 0.28 acres or about 9 to

10% of the ice pad footprint area in 1994 (Fig. 4).

1. The area surrounding the well head had subsided to 2 1.3 m depth (Fig. 7).
This depression was filled with water during sampling and covered
approximately 0.03 acres, or 1%, of the pad area. The area of decreased
live cover near the well head, which may be due to the temporary storage

of drilling cuttings on the ice pad, covers approximately 0.15 acres, or 5%,
of the pad area (Figs. 4 and 7).

2, An area of wndra vegetation approximaltely 0.03 acres or 1% of the pad
area, located in the southeast corner was impacted by a diesel fuel spill
(Figs. 4 and B). It may be likely that a portion of the area in the pad corner
was impacted by spreading of the diesel spill by surface water, possibly
increasing the impact area to 0.08 acres, or 3%, of the pad area. Some live
vegelation was beginning to grow within the diesel spill area.

3. A small trench up to 0.6 m deep and | m wide was dug to provide space
for camp utility lines. This area covers about 0.02 acres or 0.8% of the ice
pad area (Figs. 4 and 9).

Pooled Plot Analyses

Vegetation plot data were pooled to calculate means for the number of hits and percent
cover of both natural vegetation groupings (Table 1) and individual plant taxa (Table 2 and Table
3) for control and impact plots during 1994 and 1995. Variability around each mean is descnbed
as plus and minus (%) one standard deviation (SD). Mean percent cover for total live vegetation
averaged lower within the "footprint” of the pad compared to surrounding tundra in both 1994
and 1995 (Table 1), but variation and ranges for individual plots were large (Fig. 10). Mean
cover of dead plant material was roughly similar between the control and impact areas, but the
No Canopy and Bare Ground categories were higher at impact sites than control sites for both
1994 and 1995. Generally, canopy cover was lower at impact sites due to lower vascular plant
cover than at control sites. The ground cover of non-vascular plants, however, was similar at
impact and control plots. Vascular plants, primarily graminoid vegetation, dominated the live
vegetation category at both impact and control plots, but made up a larger proportion of the total
live vegetation at control sites (86%) than at impact sites (77%) in 1995.

12



B.

Figure 7. Area of subsidence and an area of decreased live vegetation near the well head within
the Yukon Gold site footprint, photos 29 July 1995. A —well head. B.—area of de
crease live vegetation near well head

13
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B.

Figure 8. Diesel spill area within the footprint of the Yukon Gold site, Alaska, photos 29 July
1995. A.—<close view of spill area. B.—southeast corner of ice pad footprint and spill
area. (Note Eriophorum inflorescence in foreground and background.)
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Table 1.

Mean number of hits and percent cover by vegetation category for impact and

control plots at the Yukon Gold site, Alaska, for data collected 2-4 August 1994 and
27-29 July 1995. Data for canopy level and ground level are combined, yielding a
theoretical maximum of 200 percent cover. Standard deviation is abbreviated SD.

Mean No. Hits

(XSD)

Mean % Cover
(£SD)

Mean No. Hits

(xSD)

Mean % Cover
(xSD)

Living Vegetation
Dead Plant Material
Barren Ground

Graminoids
Forbs

Shrubs

All Vascular

All Non-Vascular

Live Vegetation
Dead Plant Material
Barren

Graminoids
Forbs

Shrubs

All Vascular

All Non-Vascular

1994 Data

Impact (n=24)

Control (n=24)

30.58 £10.10
36.08 £12.65
33.33 £8.52

9.08 £6.35
0.21 041
0.04 £0.20
9.33 +6.36
21.25 +12.21

61.16% +20.20% 4538 +14.40
72.16% +25.30% 33.38 £18.01
66.66% +17.04% 2125 7.7
18.16% +12.70% 16.96 +6.49
0.42% +0.83% 0.75 +0.90
0.08% +0.41% 2.54 £2.54
i1B.66% +12.72% 20.25 £5.53

42.30% +24.42% 25.13 £15.68

1995 Data

90.76% +28.80%
66.76% +36.02%
42.50% *15.54%

33.92% +12.98%
1.50% +1.79%
5.08% +5.07%

40.50% *11.06%

50.26% 131.36%

[mpact (n=25)

Control (n=25)

36.76 £12.26
40.48 +7.65
2276 £13.64

26.44 £13.11
1.08 £1.22
0.88 £1.17

28.40 £12.68
8.36 £7.47

13.52% +24.52%
80.96% +15.30%
45.52% £27.28%

32.88% £26.22%
2.16% £2.44%
1.76% +2.34%

56.80% +£25.36%

16.72% +14.94%

55.72 £5.61
40.00 +6.64
4.28 ¥2.72

42.36 +3.05
1.32 +1.14
4.16 £3.74

47.84 13 .44
7.88 +6.44

111.44% *11.22%
80.00% *13.28%
8.56% +5.44%

84.72% +6.10%
2.64% +2.28%
8.32% *7.48%

95.68% 16.88%

15.76% *+12.88%
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Table 2. Mean number-of hits and percent cover by plant taxa for impact and control plots at the Yukon
Gold site, Alaska, for data collected 2—4 Augnst 1994, Data are organized with two hits recorded,
one at canopy level and one at ground level, yielding a theoretical maximum of 200 percent cover.

Standard deviation is abbreviated SD.

Impact (n=24)

Controd (n=24)

Mean No., Hits Mean % Cover

Mean No. Hits

Mean % Cover

(£5D) (XSD) (£5D) (XSD)
Barren
Bare Canopy or Ground 32.38 +8.95 64.76% *17.90% 21.25 ¥7.77 42.50% X£15.54%
Gravel 0.96 2,44 1.92% £4.88% 0.00 .00 0.00% 10.00%
Dead Plant Material
Litter 2483 £11.37  49.66% +22.74% 21.67 £13.94 43.34% 127 8R%
Standing Dead 11.25 £7.62 22.50% *15.24% 11.71 £5.52 23.42% £11.04%
Graminoids _
Carex aguatilis 1.33 140 2.66% 12 80% 375 £2.27 7.50% +4.54%
Carex atrofusca 0.08 041 0.16% 10.82% 0.21 10.59 0.42% £1.18%
Carex bigelowii 0.0 £0.00 0.00% 10.00% 042 +1.84 0.84% £3.68%
Carex saxatilis 1.00 144 2.00% £2.88% 1.96 £2.44 3.92% $4.88%
Eriophorum angustifolium 6.58 £5.12 13.16% 110.24% 10.46 £5.26 20.92% £10.52%
Juncus biglumis 0.00 30.00 0.00% +.00% 0.04 30.20 0.08% 0.40%
Forbs
Equisetum variegatum 0.13 +0.34 0.26% 10.68% 0.25 H0.68 0.50% +1.36%
Pedicularis sudetica 0.08 +0.28 0.16% X0.56% 0.46 H0.66 0.92% £1.32%
Polygonum viviparum 0.00 .00 0.00% 0.00% 0.04 2020 0.08% +0.40%
Shrubs
Dryas integrifolia .00 £0.00 0.00% H0.00% 1.13 ¥2.23 2.26% +4.46%
Salix arctica .00 £0.00 0.00% +0.00% 0.58 #0.72 1.16% *£1.44%
Salix lanata 0.00 +0.00 0.00% 0.00% 0.33 1092 (0.66% +1.84%
Selix reticulata 0.04 £0.20 0.08% 10.40% 0.50 H0.66 1.00% +1.32%
Non-Yascular Plants
Lichens. 0.04 +0.20 0.08% 0.40% 0.13 X0.61 0.26% +1.22%
Liverworts 0.04 20.20 ¢.08% +0.40% 0.08 £0.28 0.16% H)L56%
Masses 21.27 £12.11 42.54% +24.22% 2492 £15.58 - 49 84% £31.16%
B\ryum pseudotriguetrum 0.63 ¥1.13 1.26% +2.26% 0.88 +1.23 1.76% $2.46%
Hypnum bambergeri 1.38 £2.22 2.76% +4.44% 2.04 +4.29 4.08% 18.58%
Oncophorus wahlenbergii 0.13 £0.45 0.26% +0.90% 0.29 +0.75 0.58% £1.50%
Scorpidium scorpioides 13.88 19.67 27.76% £19.34% 13.88 £11.54 27.76% X23.08%
Tomenthypnum nitens 5.17 +8.25 10.34% 216.50% 7.79 £11.59 15.58% +23.18%
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Table 3.  Mean number of hits and percent cover by plant taxa for impact and control plots at
the Yukon Gold site, Alaska, for data collected 27-29 July 1995. Data for canopy
level and ground level are combined, yielding a theoretical maximum of 200 percent
cover. Standard deviation is abbreviated SD.

Impact (n=25) Control (n=25)
Mean No. Hits Mean % Cover Mean No. Hits Mean % Cover
(+SD) (E5D) (15D) (1SD)
Barren :
Bare Canopy or Ground 22.76 113.64 45.52% +27.28% 4.28 £2.72 B.56% £544%
Dead Plant Materjal
Litter 39.88 +7.74 79.76% +15.48% 3948 £650  78.96% +13.00%
Standing Dead 0.60 *1.00 1.20% +2.00% 0.52 H).65 1.04% *1.30%
Graminoids

Carex aquatilis 6.04 £3.86 12.08% %£7.72% 6.28 £3.40 12.56% 16.80%

Carex atrofusca 0.00 H.G0 1.00% H3.00% 0.36 £1.60 0.72% £3.20%

Carex bigelowii 0.08 0.40 (.16% 10.80% 0.68 £2.43 1.36% £4.86%

Carex misanrdra 0.00 .00 0.00% H0.00% 044 10.87 0.88% +1.74%

Carex saxatilis 1.44 +2.22 2.88% +4.44% 428 +4.71 8.56% £9.42%

Eriopharum angustifolium 18.72 £11.87 37.44% £23.74% 29.08 +5.28 58.16% +10.56%

Juncus biglemis 0.00 £0.00 0.00% H0.00% 0.04 H0.20 0.08% H0.40%

Forbs

Caltha palustris arctica 0.00 X0.00 0.00% 0.00% 0.04 +0.20 0.08% +0.40%

Fquisetum variegatum 0.84 +1.14 1.68% £2.28% .40 H).71 0.80% +1.42%

Pedicularis sudetica 0.04 £0.20 0.08% $0.40% (.48 H0.65 0.96% £1.30%

Polygonum viviparum 0.16 £0.47 0.32% 10.94% 0.32 £0.63 0.64% +1.26%

Saxifraga hirculus 0.04 020 0.08% 10.40% 0.08 H0.28 0.16% H3.56%
Shrubs
Dryas integrifolia 0.00 X0.00 0.00% H).00% 1.44 *l.61 2.88% £3.22%
Salix arctica 0.68 £1.03 1.36% +2.06% 1.52 £1.64 3.04% +3.28%
Salix lanata 0.00 .00 0.00% +0.00% 0.32 .90 0.64% +1.80%
Salix reticulata 0.16 £0.37 0.32% H3.74% 0.76 £1.51 1.52% *3.02%
Salix rotundifolia 0.04 £0.20 0.08% +0.40% 0.12 1044 0.24% 0.88%
Non-VYascular Plants
Liverworls 0.00 H0.00 0.00% +0.00% 0.04 .20 008% +0.40%
Mosses
Bryum pseudotriquetrum 0.48 X052 0.96% *1.84% 0.60 .87 1.20% *1.74%
DBistichium sp. 0.00 £0.060 0.00% +G.00% -0.36 H1.76 ~092% +1.52%

Funaria hygrometrica 0.04 £0.20 0.08% H0.40% 0.04 +0.20 0.08% +0.40%

Hypnum bambergeri 1.32 £5.19 2.64% +10.38% 0.96 +2.82 1.92% £5.64%

Oncophorus wahlenbergii 0.00 £0.00 0.00% +0.00% 0.20 £1.00 0.40% +2.00%

Scorpidium scorpioides 3.16 420 6.32% +8.40% 3.52 £3.56 7.04% +7.12%

Tomenthypnun nitens 3.20 #4959 6.40% 9. 98% 1.68 £1.99 3.36% £3.98%
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Control 1994

[mpact 1994

Control 1995

Impact 1995

Figure 10.

Live Vegetation Cover

90.76 + 28.80

111.44£11.22

73.52£2452

. i
0% 20% 40% 60% 80% 100% 120% 140%

Comaprison of means and standard deviations for 1994 and 1995
percent live vegetation cover at the Yukon Gold site, Alaska.
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Eriophorum angustifolium and Carex aquatilis dominated the graminoid vegetation at
both control and impact plots in 1994 and 1993 (Table 2, and Table 3), although E. angustifolium
was reduced on impact plots In contrast, forbs and shrubs were not numerous, contributing 10%
of live cover at control sites and 4% live cover on impact sites in 1995 (Table 1). Mosses
dominated the non-vascular plant cover, specifically Scorpidium scorpioides and Tomenthypnum
nitens (Table 2 and Table 3). Mean cover values from 1993 through 1995 are presented in
Table 4. Data for 1994 and 1995 are normalized to a total 100% maximum cover for comparison
with 1993 data. The extent of live vegetation recovery within the pad footprint on 29 July 1995
is illustrated in Figure 11.

Paired Plot Analyses

Paired sample ¢ tests were conducted on both natural vegetation groupings in 1994 and
1995 (Table 5) and individual plant taxa (Table 6 and Table 7). Total live vegetation,
graminoids and shrubs were significantly lower at impact plots (P <0.0001), while barren ground
was significantly higher at impact plots (P <0.0001) for both 1994 and 1995. The cover of dead
plant material, and non-vascular plants did not differ between control and impact plots (P >0.18)
for 1994 and 1995. The null hypathesis is rejected for all live cover categories except forbs in
1995 and non-vascular plants in both 1994 and 1995 (Table 5).

E. angustifolium, C. aquatilis and Carex saxatilis dominated graminoid cover. E.
angustifolium, and C. saxatilis were significantly more abundant at control plots in both 1994
and 1995 (P<0.05, Table 6 and Table 7). The forb Pedicularis sudetica, and the shrubs Salix
arctica, Salix reticulata, and Dryas integrifolia were significantly more abundant on control
" plots in both 1994 and 1995 (P<0.05, Table 6 and Table 7). Non-vascular plants were not
significantly different between control and impact plots in either 1994 or 1995 (P>0.05). The
nul] hypothesis is rejected for E. angustifolium, P. sudetica, D. integrifolia, S. arctica, and S.
ret:‘cu(at_a for 1994 and 1995 (Table 5 and Table 6).

Paired plot comparisons for 1993 through 1995 data are presented for live vegetation and
graminoid cover in Figure 12, Tables 8 and 9. The mean difference between paired control plots
for 1993 data was near zerq. Post-impact 1994 and 1995 data illustrate the decrease in live
vegetation and graminoid cover at impact plots as a negative mean difference between paired
impact and control plots. There was a slight decrease in the mean difference {greater difference
between impact and control plots} from 1994 to 1995 for both live cover and graminoid
vegelation; however 95% confidence intervals overlap, so this decrease was not significant (Fig.
12, Tables 8 and 9).
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Table 4.

Mean pumher of hits and percent cover by vegetation category for impact and controf plots at the Yukon Gold site, Alaska, for data collected 1316 July 1993,
2-4 Avgust 1994, and 27-29 July 1995, Data for 1993 include only one hit at each data point, while data for 1994 and 1993 include two hits per data point, one

at canopy level and one at ground level. Canopy and ground level cover are combined for 1994 and 1995 and are divided by the total 100 points for comparison
with 1993 data, yielding a theoretical maximum of 100 percent cover. Standard deviation is abbreviated SD,

1593 Data 1994 Data 1995 Data
Control {n=50} Impact (n=24) Control (n=24) Impact (n=25) Control (n=25)

Mean No. Mean % Cover Mean No. Mean % Coaver Mean No, Mean % Cover Mean No. Mean % Cover Mean No. Mean % Cover

Hits (£5D) (£SD) Hits (£5D) {+SD} Hits {£513) (5D Hits (5D {15D) Hiws (#5D) (£5D}
Live Vegelation 17.0 #5.7 34.0% £11.4% 30.6 £12.3 30.6% £12.3% 454 5.6 45 4% 15.6% 368 £12.3 36.8% £12.3% 5577 £5.6 557% 15.60%
Dead FPlant Matcrial 233 +4.9 58.6% 19.8% 361 177 36.10% t1.7% 334 16.6 33.4% 15.6% 40.5 £7.7 40.5% £7.7% 40,0 £6.6 40.0% £6.6%
Batren 3.7 H.0 7.4% +8.0% 333 4136 33.3% %13.6% 213427 21.3% +2.7% 228 136 22.8% +13.6% 4.3 £2.7 4.3% +2.7%
Graminoids 97 ¥1.7 19.4% +7.4% 2.1 +13.1 9.1% £13.1% 17.0 £3.1 17.0% £3.1% 264 +13.] 26.4% +13.1% 42.4 441 d24% +3.1%
Forbs 0.2 205 0.4% H0.9% 02 1.2 0.2% £1.2% 0.8 £t.1 0.8% £l.1% Ll a2 L% £1.2% 1.3 1.1 1.3% +1.1%
Shrubs 22126 4.3% £5.1% 00 x1.2 0.0% +1.2% 25 £7% 2.5% £3.7% 09 $12 0.9% £1.2% 42 £37 4.2% +3.7%
All Vascular 12,1 £3.6 24.2% X71.2% 93 +12.7 9.3% £12.7% 203 13.4 203% +3.4% 284 127 28.4% +12.7% 47.8 +3.4 47.8% +3.4%
All Non-Vascular 4.9 +5.2 0.9% +10.3% 21.3 £7.5 213% £1.5% 25,1 46.4 25.1% +6.4% B4 175 8.4% 17.5% 79 364 7.9% 16.4%




Figure 11. Vegetation cover within the Yukon Gold site, Alaska, showing vegetation recovery after
two growing seasons, photo 29 July 1995. A —<lose view of vegetation cover within
ice pad footprint. B.—view to west from within ice pad footprint, right stake is within
footpnnt, left stake is outside footprint.



Table 5.

Results of paired-sample t tests comparing impact and control plots by category

for data collected 2-4 August 1994 and 27-29 July 1995 at the Yukon Gold site,
Alaska. Data for canopy level and ground level are combined, yielding a
theoretical maximum of 200 percent cover. Standard deviation is abbreviated SD.

Accept
Impact (n=25) Control (n=25) Null
Hypothesis
. . P Value
Mean No. Hits Mean No. Hits
t Value (two (0=0.03)
(+SD) (#SD) tailed)
1994 Data

Impact (n=24) Control {(n=24)
Live Vegetation 30.58 £10.10 45.38 £14.40 4703  <0.0001 No
Dead Plant Material 36.08 +12.65 3338 £18.01 -0.735 0.4695 Yes
Barren 33.33 +8.52 21.25 ¥7.77 -3.464 «0.0001 No
Graminoids 9.08 £6.35 16.96 +6.49 4998 <0.0001 No
Forbs 0.21 1041 0.75 +0.90 2716 0.0123 No
Shrubs 0.04 H0.20 2.54 £2.54 4733  <0.0001 No
All Vascular 9.33 £6.36 20.25 £5.53 7564  <0.0001 No
All Non-Vascular 21.25 £12.21 25.13 £15.68 1.377 0.1817 Yes

1995 Data

Impact (n=23) Control (n=25)
Live Vegetation 36.76 £12.26 5572 +3.61 6.801  <0.0001 No
Dead Plant Material 403.48 +7.65 40.00 +6.64 -0.213 0.8333 Yes
Barren 2276 £13.64 428 £2.72 -6.927 <0.0001 Na
Graminoids 2644 +13.11 42.36 £3.05 6.062  <0.0001 No
Forbs 1.08 £1.22 1.32 41.14 0.796 (.4339 Yes
Shrubs 0.88 *1.17 4,16 £3.74 4709  <0.0001 No
All Vascular 28.40 £12.63 47.84 +3.44 8234 <0.0001 No
All Non-Vascular 8.36 £7.47 7.88 +6.44 -0.223 0.8256 Yes

23



Table 6. Resuits of paired-sample t tests comparing impact and control plots by plant taxa for data colected
2-4 August 1994, at the Yukon Gold site, Alaska. Data are organized with two hits recorded, one
at canopy level and one at ground level, yielding a theoretical maximum of 200 percent cover.
Standard deviation is abbreviated SD.

Impact (7=24)  Conuol (n=24) ?{C;:E:hf;]s'
Mean No. Hits Mean No Hits t Value P Value (x=0.05)
{+SD) (5D) {two tailed)
Barren
No Canopy or Bare Ground 32.38 £8.95 21.25 X7.77 -5.188 <0.0001 No
Gravel 0.96 £2.44 0.00 £0.00 -1.924 0.0668 Yes
Graminoids
Carex aquatilis 1.33 £1.40 3.75 £2.27 4.306 0.0003 No
Carex atrofusca 0.08 +0.41 0.21 H1.59 0.827 0.4170 Yes
Carex bigelowii 0.00 £0.00 0.42 +1.84 1.110 0.2786 Yes
Carex saxatilis 1.00 £1.44 1.96 £2.44 1.638 0.1150 Yes
Eriophorum angustifolium 6.58 £5.12 1046 +5.26 2.896 0.0082 No
Juncus biglumis 0.00 +0.60 (.04 +0.20 1.000 0.3277 Yes
Forbs
Equiserum variegatum 0.13 10.34 0.25 H}.68 0.768 0.4503 Yes
Pedicularis sudetica 0.08 £0.28 0.46 X0.66 2.584 0.0166 No
Polygonum viviparum 0.00 £0.00 0.04 £0.20 1.000 0.3277 Yes
Shrubs
Dryas integrifotia 0.00 X0.00 F.13 £2.23 2.469 0.0214 No
Salix arctica 0.00 H.00 0.58 H).72 3984 0.0006 No
Salix lanata 0.00 10.00 0.33 +0.92 1.781 (.0881 Yes
Salis reticulara 0.04 H0.20 0.50 H.66 3114 0.0049 No
Non Vascular Plants
Lichens 6.04 £0.20 0.13 +0.61 (L624 0.5385 Yes
Liverworts (.04 #0.20 D.08 +0.28 0.569 (.5747 Yes
Maosses - 21,37 212.11 24,92 *15.58 1.344 ¢.1921 Yes
- Bryum pseudotrigueirum 0.63 £1.13 0.83 £1.23 0.710 0.4850 Yes
Hypnum bambergeri 1,38 £2.22 2.04 +4.29 0.725 3.4760 Yes
Oncophorus wahlenbergii 0.13 H0.45 0.29 H0.75 0.941 0.3567 Yes
Scorpidium scorpioides 13.88 £9.67 13.88 +11.54 0.000 2.0686 Yes
Tomenthypnum nitens 5.17 18.25 7.719 £11.59 1.124 0.2727 Yes
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Table 7. Results of paired-sample t tests comparing impact and control plots by plant taxa for
data collected 27-29 July 1995 at the Yukon Gold site, Alaska. Standard deviation is

abbreviated SD.
Impact (n=25) Control (n=25) ?;;?:5;?;;?
Mean No, Hits Mean No. Hits P Value
(+SD) (+SD) tvaloe o otailedy OO0

Barren

Bare Canogy or Ground 22.76 £13.64 428 £2.72 -6.927  <0.0001 No
ad Plant eriat
Litter 39.88 +7.74 39.48 16.50 -0.178 2.063% Yes
Standing Dead 0.60 £1.00 0.52 +0.65 -0.371 0.7136 Yes
Graminoids

Carex aguatilis 6.04 3 .86 6.28 2340 0.248 0.8063 Yes
Carex atrofusca 0.00 H0.00 0.36 £1.60 1.122 0.2729 Yes
Carex bigelowii 0.08 +0.40 (.68 +2.43 1.208 0.2388 Yes
Carex misandra 0.00 £0.00 0.44 £0.87 2.529 0.0184 No
Carex saxatilis 144 £222 428 H4.71 2.528 0.0185 No
Eriophorum angumfah'um 18.72 +11.87 29.08 £5.28 3,809 0.0008 No
- Juncus biglumis 0.00 20.00 0.04 20.20 1.000 03273 Yes

Eorbs
Caltha palustris arctica (.00 H0.00 .04 20.20 1.600 0.3273 Yes
Equisetum variegatum 0.84 +1.14 0.40 +0.71 -1.7G1 0.1019 Yes
FPedicularis sudetica 0.04 +0.20 0.48 £0.65 3.381 0.0025 No
Polyganum viviparum 0.16 +0.47 0.32 H0.63 0.941 0.3563 Yes
Saxifraga hirculus 0.04 +0.20 0.08 +0.28 1.000 0.3273 Yes

hrubs
Dryas integrifolia (.00 +0.00 1.44 £1.61 4474 {0.0001 No
Salix arctica 0.68 +1.03 1.52 £1.64 2.201 0.0376 No
Salix lanata 0.00 +0.00 0.32 #0.90 1.778 0.0881 Yes
Salix reticulata 0.16 10.37 0.76 £1.51 2.268 0.0326 Na
Salix rotundifolia 0.04 H0.20 0.12 0.44 0.811 0.4254 Yes

Non-Vascular Plants
Liverworts 0.00 20.00 0.04 +0.20 1.000 0.3273 Yes
Mosses

Bryum pseudotriquetrum 0.48 10,92 0,60 H0.87 0.499 0.6220 Yes
Distichium sp, 0.00 +0.00 0.36 #4376 2377 0.0258 No
Funaria hygrometrica 0.04 +0.20 (.04 £0.20 0.000 1.0000 Yes
Hypnum bambergeri 1.32 +5.19 0.96 £2.32 -0.308 0.7607 Yes
Oncophorus wahlenbergii 0.00 +0.00 0.20 +1.00 1.000 0.3273 Yes
Scorpidium scorgioides 3.16 £4.20 3.52 £3.56 0327 0.7463 Yes
Tomenthyprum nitens 3.20 £4.99 .68 £1.99 -1.415 0.1699 Yes
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Figure 12. Mean differences (393 % Confidence Interval) between members of individual
plot pairs for control (1993, n=25) and post-impact (1994, n=24; 1995, n=25) live
vegetation and graminoid cover at the Yukon Gold site, Alaska. Data for live
vegetation and gramineid cover at paired plots are presented in Tables 8 and 9.
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Table 8. Number of hits for live vegetatlon cover data from 1993, 1994, and 1995 Yukon Gold site, Alaska, monitoring data
used in Before-After-Control-Impact (BACI) analysis in Flgure 12.

Live Vegetation 1993 Live Vegetation 1994 Live Vegetation 1995
Plot Pair Control (a) Control {b) Difference Impact Control  Difference Impact Control  Difference
1 24 11 13 38 64 -26 44 . 62 -18
2 9 13 -4 23 31 -8 54 52 2
3 34 23 11 38 51 -13 41 61 =20
4 24 23 1 12 74 -62 a7 53 -6
5 12 19 -7 26 50 -24 41 48 -7
6 14 22 -8 19 35 -16 44 54 -10
7 13 25 -12 25 37 -12 43 56 -13
8 8 16 -2 39 65 -26 20 56 =36
9 22 10 12 22 70 -48
10 I8 i1 7 27 37 -10 46 49 -3
11 3t 21 10 27 18 9 30 59 -20
12 13 21 -8 19 46 =27 32 53 -21
13 19 19 0 26 30 -4 34 49 -15
14 12 i8 -6 11 4] -30 39 57 -18
15 10 14 -4 4] a5 6 16 48 32
16 12 16 -4 41 56 -15 11 55 -44
17 8 13 -5 41 51 ~10 44 57 -13
18 20 15 5 34 31 3 31 52 -21
19 16 25 -9 19 44 -25 49 50 -1
20 13 11 2 37 55 -18 34 a0 -26
21 14 18 -4 31 26 5 50 67 -17
22 24 19 5 50 62 -12 17 56 -39
23 12 19 -7 37 33 4 23 61 -38
24 21 5 6 34 58 -24 47 35 -8
25 16 16 0 39 59 20 31 53 -2
Mean -0.56 -14.79 -18.96
SD 7.38 15.41 13.94

65% Cl 2.89 6.16 5.46
Max 13 9 2

Min -12 -62 : -48




Table 9. Number of hits {or graminoid vcgetatlon cover data from 1993, 1994, and 1995 Yukon Gold 51te Alagka, monitoring
data used in Before-After-Control-Impact (BACI) analysis in Flgure 12.

8c

Graminoids 1993 Graminoids 1994 Graminoids 1995
Plot Pair Control (a) Control (b} Difference Impact Control  Difference Impact Control  Difference
1 23 1 12 18 24 -6 42 45 -3
2 8 12 -4 11 17 -6 42 44 -2
3 9 11 -2 6 16 -10 39 39 0
4 10 9 1 9 21 -12 40 42 -2
5 9 3 6 12 27 -15 38 41 -3
6 13 12 | 11 23 -12 35 40 -5
7 11 8 3 16 16 0 38 42 -4
8 8 13 -5 2 14 -12 13 35 -22
9 15 6 9 13 38 -25
10 16 10 6 i2 17 -5 11 45 -34
11 2 6 -4 14 14 0 35 41 -6
12 6 13 -7 9 22 -13 13 46 -33
i3 10 14 -4 8 17 -9 26 44 -18
14 12 9 3 ] 14 -13 33 45 -12
15 6 13 -7 4 23 -19 1 47 -46
16 12 14 2 0 11 -11 2 39 -37
17 6 7 -1 12 20 -8 17 44 =27
18 7 11 -4 16 21 -5 22 42 -20
19 13 11 2 2 28 26 35 48 -13
20 8 3 5 5 15 -10 31 43 -12
21 9 7 2 13 19 -6 32 39 -7
22 10 10 0 1 5 -4 8 41 -33
23 11 4 7 24 15 9 23 41 -18
24 6 12 -6 0 5 -5 31 43 -12
25 12 9 3 12 3 9 4] 45 -4
Mean 0.72 -7.88 -15.92
SD 5.1 7.92 13.13
95% CI 2.00 3.09 5.15
Max 12 9 0

Min -7 =26 -46




Yegetation Monitoring Requirements

Table 10 includes live cover data and calculations for determining the percent of control
live cover value for compliance with the vegetation monitoring program (Appendix E). Table 10
includes 1994 and 1995 impact and control plot pooled mean live cover data derived from
vegetation plots. Percent of control live vegetation cover within the pad footprint was 67% in
1994 and 66% in 1995. This represents a net decrease in live vegetation cover from 1994 to
1995 of 1%. If the base condition is calculated, with the addition of 50% of the control group
standard deviation, the percent of control live vegetation cover within the pad footprint was 53%
in 1994 and 58% in 1995. This represents a net increase in live vegetation cover from 1994 to
1995 of 5%. Because the impact to live cover was greater within the edge zone, the overall
recovery within the pad footprint may be more accurately described by omitting the edge plots
within the affected areas at 1 m and 2 m intervals. For plots within the footprint excluding the 1
m edge zone (n=22), which represents 92% of the pad area, percent of control live cover was
70% in 1995. For plots within the footprint excluding the 2 m edge zone (n=19), which
represents 84% of the pad area, percent of control live cover was 75% in 1995.

DISCUSSION

The paired ¢ tests indicate that measurable and significant reductions in live vegetation
and graminoid cover in the pad area remain (Table 5). This is consistent with visual evaluation
of the ice pad site. Live cover at control sites has appareatly increased during sampling:
1993, 34%; 1994, 45%; and 1995, 56% (Table 3). This may be due in part to the later sampling
periods in 1994 (early August) and 1995 (late July) compared to mid-July in 1993. Other factors
' potentially influencing live cover measures are variation in precipitation and snow-melt timing,
or differences in observer techniques. Variability in observer techniques may be responsible for
the apparent increase in graminoid cover and decrease in barren and non-vascular cover from
1954 1o 1995. Because the impact of the ice pad was not uniform within the pad footprint,
higher variability in the impact plots was expected. The similarity in variance between impact
and control plots in 1994 suggests there was either some inconsistency in recording point
contacts, or that due to random selection more patchy control areas were sampled. In contrast,
the variance for control plots was less than that for impact plots in 1995, Environmental
conditions that also may have contributed to differences in cover measures between years were
standing water, saturated soils and breezy conditions during 1995. Differences in annual
phenology and observers are controiled for by using paired plot comparisons within years and by

using the percent of control value to normalize the live vegetation cover measure.
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Table 10. Percent of control live vegetation cover at impact and control plots for 1994
and 1993 at the Yukon gold site, Alaska. Data were collected 24 August 1994
and 26-29 July 1993, at the Yukon Gold ice pad, Alaska. Standard deviation is.

abbreviated SD.
1994 Mean % Caver (£5D) 1995 Mean % Cover (Z5D)
Impact (n=24) Control (n=24) Impact (n=25) Control {n=25)
Live Vegetation 61.16 £20.20 90.76 £28.80 73.52 £24.52 111.44 £11.22
Graminoids 3392 +£12.98 84.72 26.10
Forbs 1.50 £1.79 2.64 £2.28
Shrubs 5.08 £5.07 8.32 £7.48
All Non-Vascular 50.26 £31.36 15.76 £12.88
Cumulative SD +51.20 +28.74
50% of Cumulative SD +25.60 +14.37
Percent of Coatro! Live . '
Vegetation Cover 61.16% + 90.76% = 67.39% 73.529% + 111.44% = 65.97%

Recovery Rate (% of Control)
(Percent of Contral Live _
Cover 1995 - Percent of 66% -67% =-1%
Control Live Cover 1994)

Base Caver Condition
{Mean Control Cover +
50% Cumulative SD} 90.76% + 25.60% = 116.39% 111.44% + 1437% = 125.81%

Percent of Base Condition 61.16% + 116.39% = 52.55% 73.52% + 125.81% =58.43%

Recovery Rate (% of Base Condition)
(Percent of Base Condition :
1995 - Percent of Base 58% - 53% = 5%
Condition 1994)
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Live vascular plant cover, primarily graminoids, was significantly reduced (34%
decrease) on impact plots in 1995, as in 1994 results (33% decrease). Non-vascular plants
appeared to be largely unaffected by the ice pad. The large standard deviation for impact plots
compared to control plots (roughly four times larger for impact vascular plant cover) indicated
patchiness in the recovery which is consistent with visual observations. While some areas appear
to be near normal, other areas show decreased live cover. Even though some areas remain
visibly damaged, especially strangmoor ridges, 76% of the impact plots were within 75% of the

mean control piot live cover.

No thaw depths have been recorded during monitoring, and the only areas of obvious
thermokarst were near the well head and the trench. The southeast corner of the pad appears to
be low, but this Jow area extends beyond the footprint edge heading northeast and appears to be a
normal depression. Rains prior to monitoring on 27-29 July caused extensive areas of standing
water and saturated soils within and around the pad footprint. This flooding also appeared
normal. There was no obvious increase in ponding or subsidence of the tundra surface within the
pad footprint, which would indicate an increased thaw depth. Standing water was more visible
within the impact area because of the decreased live vegetation cover and increased barren cover.

The percent of the control live vegetation cover base condition for impact plots (Table
10) meets the 30% to 69% of control live vegetation cover criterion, as stipulated in the Yukon
Gold Monitoring Plan (Appendix E). Specifically, impact live cover was 58% of control live
cover. Changes in the degree of variability for control plot taxa from 1994 to 1995, complicate
use of the base condition. Without the addition of variance to the percent of control, live
vegetation cover was 66% in 1995. When the edge zone impact is excluded, percent of control

live vegetation increases to 75%.

Reported effects of winter ice roads, winter seismic trails, and snow pads are summarized
mn Table 11. The most long-lasting effect of these disturbances appears to be increased thaw
depth and the flattening of local micro-topography due to compaction. Although thaw depths
have not been monitored at the Yukon Gold site, there was no noticeable visual indication that
thaw depths have increased. However, the effect of compression on strangmoor ridges remains.
These physical changes can result in changes in plant composition due to increased wetness
(Walker and Webber 1980). The effects of such changes are apparcnt]y more severe in areas

with pronounced micro-topography (Brown and Berg 1980).

A second effect of ice road, winter seismic trail, and snow pad construction is direct

damage to individual plants, which vary in susceptibility to disturbance (Walker et al. 1987;
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Table 11. Reported effects of winter ice roads, winter seismic trails, and snow pads on tundra vegetation at sites in arctic Alaska and Canada.*

Type of Depth of Vegetation Upright Shrubs Lichens/ C. aquatilis/
Disturbance Microtopography  Thaw Microenvironment Cover (e.g., willows) Mosses E. angustifolium
Increase in wetness due Decrease due to
to compression of compression and
) press) . Decrease due to broken P o . .
. microtopography {4); \ weitter Little effect or increase
Winter Ice Dectease due 1o or abraded terminal . . .
. Increase (5) Tussocks compressed Decrease (5) mcroenyironment in due to wetter
Roads compaction {4} stems and welter R . .
and sheared, 4 years . vi ent (1) tussock tundra, impact  microenvironment (4)
recovery, some still dead mictoenviront expressed 2nd summer
and damaged (1) post-impact (1)
Return to
preimpact
after several
years (1)
Increase in wetness due With little snow Little effect or increase
1 ismi i brok D due t
Wm‘;‘ S.f“““c g rampling ““ld Increase (5) to compression of up to 85% cover Df::;‘,‘;zlds‘:;;"s (;‘?6;“ C‘:E;;?;" {g"ﬁ;’ due to wetter
rats ompaction (1} microtopography (3) destroyed (1) ! ) gt microenvironment (3)
Moist graminoid
sedge/ham?n c:omplex: Moist graminoid
Decrease, significant--1 .
) sedge/barren complex:
Decrease (5) site, Decrease, non- ..
L . Decrease significant--
significant--1 site. 2 sites (3)
Regrowth 2 summers
after disturbance (3}
Moist Sedge,
Contrel 73-110%,
Impact 78-68% (3}
Ist Summer .
Decrease due to Increase Decrzase due to broken Decrease due ta
Snow Pads i 1.2 decreased, recover terminal stems (1,2) compression (1)
abrasion (2) 1.2) aftar 3 years (1) ermt ’ P
ﬂﬁs:;efgeﬁhﬁﬁ Moist sedge/shiub
mm'v denth tundra, 10-20 ¢m snow
‘ P depth, 35.5% shrub
22.7% cover
decrease (6) cover decrease (6)

*Sources of information are coded by number: 1. Walker et al. 1987; 2. Brown and Berg 1980; 3. Felix and Raynolds 19892; 4. Walker and Webber 198C;
5, Brown and Grave 1979; 6. Felix and Raynolds 1989b



Felix and Raynolds 1989a, b). The plants most susceptible to damage are willows and other
upright shrubs (Brown and Berg 1980; Walker et al. 1987; Felix and Raynolds 1989a, b), and
lichens and mosses (Walker et al. 1987; Felix and Raynolds 1989a, b). Lichens and mosses are
apparently very susceptible to compression when frozen (Walker et al. 1987). Vascular plants,
such a C. aquaiilis and E. angustifolium, are least affected by compression (Walker et al. 1987,
Felix and Raynolds 19892). Walker et al. (1987) reported that vascular plant cover was reduced
‘during the first growing season following snow pad construction, but had largely recovered after
three years. Cover by mosses and lichens was still reduced after three years compared to control
plots {(Walker et al. 1987).

In contrast to Walker et al.'s (1987) findings for snow pads, the multi-season Yukon Gold
ice pad has primarily affected vascular plant cover. Although reduction in vascular plant cover
was still apparent at this site two years after the ice pad had melted, new Eriophorum and Carex
~seedling growth was evident at impact sites. However, it may take several more years for these
seedlings to contribute significantly to live vegetation cover. Forb species had returned io
normal levels since 1994, when there were significantly less forbs on impact plots. Shrub
vegetation was still significantly reduced on impact plots, especially D. integrifolia, which was
‘most often located on strangmoor ridges. We suspect that by the third year, recovery of vascular
plants on the Yukon Gold site may not be as complete as observed by Walker et al. (1987) for
snow pads, probably due to the impact of the loss of a growing season. Even though no
measurable decrease in non-vascular plant cover has been measured at the Yukon Gold site, the
visible damage to strangmoor ridges (especially to the mosses) will probably require more than
three years for recovery. In contrast to the visible damage to mosses on strangmoor ridges, S.

scarpioides within the trough areas appeared normal.
CONCLUSIONS

Live vegetation cover, composed primarily of graminoid vegetation, at the Yukon Gold
site remained visibly and measurably decreased compared to the surrounding tundra in 1993.
The most obvious ice pad impacts were to strangmoor ridges, and at the pad edges. Other
impacts from drilling operations effected approximately 9 to 10% of the footprint area. The only
obvious increases in thaw depths were associated with the well head and trench. Changes in the
degree of variability for control plot taxa from 1994 to 1995, complicate use of the base
condition. Without the addition of variance to the percent of control, live vegetation cover was
66% in 1995. When the edge zone impact is excluded, percent of control live vegetation

increased to 73%.

33



New seedling graminoid growth was observed, but these small plants may require a
fourth or fifth year to reach a crown size that will contribute to cover density. Forbs have
apparently already returned to normal levels within the impact area. Strangmoor ridges may be
visibly impacted for a much longer period. In summary, besides the lack of decrease in non-
vascular plant cover and lack of evidence for an increased thaw depth found in studies of ice
roads, seismic trails and snow pads, the effects of the multi-year Yukon Gold ice pad appear to
be similar. In addition, we expect recovery will also be similar, although perhaps requiring
several additional years for a comparable recovery, to compensate for the loss of a growing

Scasor.
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APPENDIX A. SPECIES LIST FOR YUKON GOLD SITE MONITORING



Table A-1. Plant taxa identified at the Yukon Gold ice pad, Alaska, during vegetation
studies conductled summer 1994 and surnmer 1995. Codes appear in Appendix
A and Appendix B tables and were also used during field data collection.

Species or Category Code
Barren
Bare Canopy of Ground BARE
- Gravel GRAV
Dead Plant Material
Litter LITT
Standing Dead STDE
Graminoids
Carex aguatilis CAAQ
Carex atrofusca CAAT
Carex bigelowii CABI1
Carex misandra CAMI
Carex saxatilis CASA
Carex sp. CASP
Eriophorum angustifolium ERAN
Juncus biglumis JUBI
Forbs
Caltha palustris arctica CAPA
Equisetum variegatum EQVA
Pedicularis sudetica PESU
Polygonum viviparum POVI
Saxifraga hirculus SAHI
Shrubs
Dryas integrifolia DRIN
Salix arctica SAAR
Salix lanata SALA
Salix reticulata SARE
Salix rotundifolia SARO
Non-Vascular Plants
Lichens LICH
Liverworts LIVE
Mosses
Bryum pseudotriquetrum BRPS
Distichium sp. DISP
Funaria hygrometrica FUHY
Hypnum bambergeri HYBA
Oncophorus wahlenbergii ONWA
Scorpidium scorpioides SCSC
Tomenthypnum nitens TONI
Mixture of species MOMX




APPENDIX B. 1993 YUKON GOLD VEGETATION DATA



i-d

Table B-1.  Numbers of hits by category for pooled plot comparison {based on a total of 50 hits/plot) for 1993 Yukon Gold site, Alaska.

Carexspp./ Total Dead
Eriophorum Salix Dryas Lichen Pedicularis Potentilla Polygonum Living Plant Barren
Plot No.  angustifolium Moss spp. spp.* integrifolia SpE. sudetica S0P. viviparum _ Vegetation Material Ground
la 23 1 0 0 0 0 0 0 2 26 0
Za 8 1 C 0 0 ¢ 0 0 9 32 g
3a 9 0 3 13 0 0 0 3 16 0
da 10 ) 0 5 0 0 0 0 24 24 p
5a 9 0 1 0 0 2 ] 0 12 29 9
6a 13 0 0 0 0 1 0 0 14 27 9
7a 11 0 2 0 0 0 0 0 13 pat) 8
8a 8 0 0 0 0 0 0 0 8 35 7
9a 15 2 5 0 0 0 0 o 2 26 2
10a 16 1 ¢ 1 0 0 0 0 18 32 0
T1a 17 1 8 0 0 2 0 31 14 5
12a 6 4 3 0 0 0 0 0 13 37 0
13a 10 6 3 0 0 0 o 0 19 29 2
14a 12 0 0 0 0 0 0 ¢ 12 26 12
15a 6 4 0 0 0 0 0 0 10 33 7
16a 12 0 ¢ 1] 0] 0 0 0 12 34 4
17a 6 2 0 0 0 0 0 0 8 28 14
18a 7 4 2 0 0 0 0 20 30 0
19a 13 3 0 0] 0 0 o V] 16 32 2
20a : 3 2 0 0 0 0 0 13 37 0
2la 9 3 1 1 0 0 0 0 14 35 1
22a 10 12 1 1 0 0 o c 24 26 0
23a 11 0 1 o 0 0 0 0 12 36 2
24a 6 15 0 ] 0 0 0 0 21 27 2
25a 12 0 3 0 1 { 0 0 16 32 2

*Salix reticulata, S. arctica, 5. planifolia pulchra, 5. lanata richardsoni



Table B-1. Continued.

Carex spp./ - Total Dead
Eriopherum Salix Dryas Lichen Pedicuiaris Potentilla Polygonum Living Flant Barren
Plot No. angustifolium _Moss spp. spp.* integrifolia  spp. sudetica spp. viviparum  Vegetation Material Ground
1b 11 0 0 0 0 0 0 0 11 38 1
Zb 12 0 0 0 0 i 0 0 13 29 8
3b 11 ] 3 3 0 0 0 0 23 26 1
4b 9 10 2 2 0 0 0 0 23 27 0
Sb 3 13 3 0 1] 0 0 G 1% 31 0
&b 12 9 0 0 4] 1 0 0 22 28 0
7 g 7 g 1 0 0 0 0 25 25 o
8h 13 0 1 2 ¢ 0 o 0 16 29 5
9b 6 1 1 1 0, 1 0 0 10 31 9
10k 10 0 0 0 ¢ 1 0 0 11 33 6
11b 6 9 5 1 0 0 ] 0 21 28 1
12b 13 g 0 0 0 0 0 0 21 24 5
13b 14 4 1 0 0 0 0 0 19 31 0
14b 9 6 3 0 0 0 0 0 18 32 0
15b 13 0 0 0 0 1 0 0 14 33 3
16b 10 3 1 2 0 0 ¢ o 14 27 7
17h 7 5 1 0 0 0 0 0 13 21 16
18b 11 3 0 0 1 0 0 0 15 31 4
19b 11 12 0 b 2 ] 0 0 25 20 5
20b 3 6 1 0 0 1 0 0 11 35 4
21b 7 ¢ 3 0 0 G 1 18 29 3
22b 10 3 2 4 0 0 0 o 19 29 2
23b 4 12 3 Q o 0 0 0 19 3 0
24h 12 2 1 ] 0 0 ¢ 0 15 34 1
25b 9 5 1 1 0 0 g 0 16 30 4

*Salix reticulata, S. arctica, S. planifolia pulchra, S. lanata richardsoni



Table B-2. Numbers of hits by category for paired plot comparison {(based on a total of 50 hits / plot) for 1993
Yukon Gold site, Alaska.

Carex spp./ Total Dead
Eriophorum Salix Moss spp./ Living Flant Barren
Plot No.  angustifolium spp.* Forbs™ Lichen spp. Vegetaton Material Ground
la 23 0 0 1 24 26 0
2a 8 Q 0 1 9 32 9
3a 9 0 3 2 34 16 0
4a 10 a 5 9 24 24 2
5a 9 1 2 a 12 29 9
6a 13 0 1 0 14 27 9
7a il 2 1] a 13 29 8
8a 8§ 0 0 g 8 35 7
%a 13 5 0 2 2 26 2
10a 14 0 1 1 18 32 0
11a 2 1 11 17 31 14 5
12a 6 3 0] 4 13 37 0]
13a 10 3 D 6 19 29 2
14a i2 D 0 1] 12 26 12
15a 6 o G 4 10 33 7
16a 12 0 G 0 12 34 4
17a 6 0 g 2 8 28 14
18a 7 4 2 7 20 30 0
1% 13 G 0 3 16 32 2
20a 8 2 Q 3 13 3z 0
21a 9 1 1 3 14 35 1
22a 10 1 1 12 24 26 0
23a 11 1 0 o 12 36 2
24a 6 0 0 15 21 27 2
25a 12 3 0 1 16 32 2

*Salix reticulata, S. arctica, S. planifolia pulchra, 5. lanata richardsoni
**Pedicularis sudetica, Dryas integrifolia, Potentilla spp., Polygonum viviparum



Table B-2. Continued.

Carex spp./ Tokal Dead
Eriophorum Salix Moss spp./ Living Flant Barren
Plot No.  angustifolium spp.** Forbs** Lichen spp. Vegetation Material Ground
ib 11 0 D 4] 11 38 1
25 12 o 1 0 13 29 8
3b i1 3 3 & 23 26 1
4b 9 2 2 10 23 27 a
5b 3 ¢ 13 19 3 0
b 12 0 1 9 22 2B 0
7b 8 9 1 7 25 25 0
) 13 1 2 0 16 29 5
Sh 6 1 2 1 1G 31 9
10b 10 0 1 4] 11 33 6
11b [ 5 1 9 21 28 1
12b 13 0 V] 8 21 24 3
13b 14 1 G 4 19 31 a
14b 9 3 0 6 18 32 ]
15b 13 0 1 0 14 33 3
16b 10 1 2 3 16 27 7
17b 7 1 0 5 13 21 16
18b 11 0 0 4 15 31 4
19b 11 0 0 14 25 20 5
20b 3 1 1 6 11 33 4
21b 7 0 4 7 i8 29 3
2 10 2 4 3 19 29 2
23b 4 3 -0 12 19 31 ¢
24b 12 1 ] 2 15 34 1
25b g 1 1 5 16 30 4

*Salix reticulata, S. arctica, S. planifolia pulchra, 5. lanata richardsoni
*“*Pedicularis sudetica, Dryas integrifolia, Potentilla spp., Polygonum viviparum, Saxifraga hirculus
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APPENDIX C. 1994 YUKON GOLD VEGETATION DATA



Table C-1. Number of hits by plant taxﬁ for paired plot t tests and pooled plot means, based on two hits per sampling
point for a totaf of 100 hits per plot for 1994 Yukon Gold site, Alaska. Data were collected 2—4 August 1994.

Graminoids Forbs Shrubs
Plot CAAQ CAAT CABI CASA CASP AllCarex ERAN JUBI EQVA PESU POVI DRIN SAAR SALA SARE
Ci 7 0 9 0 0 16 8 0 0 0 0 4 0 1 0
C2 V] 0 0 3 0 9 8 0 0 0 0 I 0 0 1
C3 3 0 0 4 0 7 9 0 0 0 0 0 0 0 0
C4 5 Q 0 5 0 10 11 0 0 1 0 | g -0 2
C5 5 0 0 2 0] 7 20 0 0 1 0 0 2 0 1
Cé6 1 0 0 0 0 1 22 0 2 0 0 0 0 0 0
C7 1 0 0 0 0 1 15 0 0 0 0 | 0 4 1
C8 3 0 ¢ 0 0 3 11 0 2 0 0 2 0 0 0
C10 3 2 0 0 1 6 11 0 0 1 0 0 0 0 1
C1 1 0 0 3 0 4 10 0 0 0 0 0 0 0 0
Cl12 4 0 0 6 0 10 12 0 0 1 0 0 0 0 0
Cl13 0 0 0 6 0 6 11 0 2 i 0 0 0 ( 0
Cl4 3 0 0 0 0 3 i1 0 0 0 0 0 2 0 1
Ci5 4 0 0 8 0 12 11 0 0 2 0 0 | 0 i
Clé 4 0 0 2 0 6 5 0 0 0 0 0 0 0 2
Cl17 9 0 0 0 | 10 10 0 0 1 0 0 1 0 0
Cl8 3 0 0 4 0 7 14 0 ¢ 1 0. 0 1 0 0
C19 6 0 0 3 0 9 19 Q 0 0 G 0 1 0 0
C20 7 1 0 0 0 8 7 0 0 0 0 l 1 0 1
C21 6 0 0 0 0 6 13 0 0 0 0 0 | 0 0
C22 3 0 0 0 0 3 2 0 0 0 0 6 2 0 0
C23 3 2 0 1 Q 6 3 1 0 2 0 0 1 | 0
C24 2 0 0 0 1 3 2 0 0 0 1 2 1 2 |
C25 i 0 1 0 0 2 1 0 0 0 0 9 0 0 0
»oSum 20 5 10 47 3 155 251 | 6 11 ] 27 14 8 12

Average 375 021 042 196 013 646 10.46 0.04 025 046 0.04 1.13 058 0.33 0.50
SD 227 059 184 244 034 3.67 526 0.20 0.68 0.66 0.20 223 072 092 0.66



Table C-1. Continued.

Non-Vascular Barren
Plot LICH LIVE BRPS HYBA ONWA SCSC TONI MOSS BARE GRAV
Cl 0 0 Q 17 2 13 2 35 11 0
C2 0 0 0 0 0 12 0 12 16 0
C3 0 0 0 0 0 19 16 35 33 0
C4 0 ¢ 0 7 0 42 0 49 22 0
C5 0 1 I 11 0 2 4 18 11 0
Co 0 0 2 0 0 8 0 10 22 0
C7 0 0 0 3 0 3 G 15 24 0
C8 0 0 0 0 0 47 0 47 26 0
Cl10 0 0 1 0 0 4 13 18 31 0
Cl1 0 0 0 0 0 4 0 4 27 0
Cl2 0 0 5 0 0 18 0 23 16 0
Cl13 0 0 2 0 0 8 0 10 20 0
Cl4 0 0 3 0 0 18 3 24 25 0
Cl15 0 0 1 0 0 6 1 8 8 0
Clé 0 0 0 0 0 27 16 43 29 0
Cl7 0 O 1 0 1 20 7 29 15 0
Cl18 0 1 0 0 0 7 0 7 20 0
C19 0 0 l 0 0 14 0 15 12 0
C20 0 0 1 | 0 18 17 37 22 0
C21 0 0 1 1 0 4 0 6 14 0
C22 0 0 0 2 O 9 38 49 30 0
C23 0 0 2 0 [ 11 0 14 12 0
C24 0 0 0 7 0 16 23 46 33 0
C25 3 0 0 0 3 3 38 44 31 ¢
Sum 3 2 21 49 7 333 187 598 510 0
Average 0.13 0.08 0.88 2.04 029 13,88 7.79 2492 21.25 .00
SD 061 028 1.23 429 075 1154 1159 1558 7.77 0.00



Table C-1. Continued.

Shrubs
DRIN SAAR SALA SARE

Forbs
EQVA PESU POVI

Graminoids
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0.00 0.00 0.00 004
0.00 000 000 020

0.13 0.08 0.00
0.34 028 0.00

6.58 0.00
5.12 0.00

2.50
2.55

1.00 0.08
1.44  0.41

1.33 008 0.00

0.00

1.40 041
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Table C-1, Continuved.

Non-Vascular Barren

Plot LICH LIVE BRPS HYBA ONWA SCSC TONI MOSS BARE GRAV
i1 0 0 0 1 0 19 0 20 20 0
I2 0 0 0 7 0 5 0 12 33 0
I3 0 0 0 2 0 17 12 31 45 0
14 0 0 1 0 0 2 0 3 30 0
I5 0 0 0 6 0 5 2 13 34 0
16 0 0 4 0 0 3 0 7 40 0
17 0 0 0 1 0 8 0 9 32 0
I8 0 o 1 | 0 31 4 37 49 0
110 0 0 0 0 0 12 3 15 33 0
111 0 0 1 2 0 0 9 12 26 0
iz 0 0 0 0 0 9 0 9 26 0
113 0 0 0 1 2 3 12 18 35 0
I14 0 0 0 0 0 10 0 10 4] 0
115 0 0 1 3 0 33 0 37 35 0
Il6 i 0 Q 0 0 4 36 40 41 G

117 0 1 0 0 1 25 2 28 37 3
118 0 0 0 0 0 18 0 I8 20 2
119 0 0 ! 0 0 8 g 17 46 4
120 0 0 0 2 0 17 13 32 25 0
121 0 0 1 0 0 17 0 18 20 11
122 0 0 4 7 0 23 14 48 35 0
123 0 0 0 0 0 13 0 13 12 3
124 0 0 1 0 0 24 9 34 30 0
125 0 0 0 0 0 27 0 27 23 0
Sum 1 1 i5 33 3 333 124 508 777 23

Average 0.04 004 063 138 0,13 13.88 5.17 21,17 3238 096

SD 0.20 020 1.13 222 045 967 8.25 12.11

895 244



Table C-2.  Number of hits by category for paired plot t tests and pooled plot means, based on two hits per sampling point for a total of 10¢ hits
per plot for 1994 Yukon Gold site, Alaska. Data were collected 2-4 August 1994,

.. Combined Combined Non- _, . - Dead Ilant
Plot Graminoids Forbs Shrubs Vascular Plants  Vascular Plants Live Vegetation Barren Material
C1 24 0] 5 29 35 64 11 25
2 17 0 2 19 12 31 16 53
C3 16 0 0 16 35 5t 33 16
C4 21 1 3 25 49 74 22 4
5] 27 1 3 3 19 50 11 39
C6 23 2 0 25 10 35 22 43
7 16 0 6 22 15 37 24 39
C3 14 2 2 18 47 a5 26 9
C10 17 1 1 19 18 37 31 32
Cl1 14 { 0 14 4 I8 27 55
C12 22 1 0 23 23 46 16 38
Cl13 17 -3 0 20 10 30 20 50
Cl4 14 0 3 17 24 41 25 34
C15 23 2 2 27 8 35 ] 57
Cl6 13 1] 2 13 43 56 29 15
c17 20 1 1 22 29 51 15 34
C18 21 1 1 23 8 31 20 49
C19 28 0 i 29 15 44 12 44
C20 15 0 3 18 37 55 22 23
C21 19 0 1 20 6 26 14 60
c22 5 0 8 13 49 62 30 8
C23 15 2 2 19 14 33 12 55
C24 5 1 6 12 46 58 33 9
25 3 G g 12 47 59 3 10
Sum 407 18 61 486 603 1089 510 801
Average 16.96 0.75 2.54 20,23 25.13 4538 21.25 33.38

sD 6.49 - 0.90 2.54 5.53 15.68 14.40 777 18.01
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Table C-2, Continued,
_ Combined Combined Non- | . Dead Plant
Plot Graminoids Forbs Shrubs Vascular Plants  Vascular Plants Live Vegetation Barren Material
I1 18 0 0 18 20 38 29 33
12 11 0 0 11 12 23 33 44
13 0 ! 0 7 31 38 45 t7
14 9 0 0 9 3 12 30 58
I5 12 1 0 13 13 26 34 40
I6 11 1 0 12 7 19 40 41
17 i6 0 G 16 9 25 32 43
I8 2 0 0 2 37 39 49 12
110 12 0 0 12 15 27 33 40
I11 14 0 1 15 12 27 26 47
112 g 1 0 10 9 19 26 55
113 8 0 0 8 18 26 35 39
Ii4 [ 0 0 1 10 3 41 48
I15 4 0 0 4 37 41 35 24
Ite 0 0 0 0 41 41 41 18
17 12 0’ 0 12 29 41 40 19
118 16 0 0 16 13 4 22 44
no 2 0 0 2 17 19 50 31
120 5 0 0 5 32 37 25 38
121 13 0 0 13 18 31 31 38
122 1 1 0 2 43 50 35 15
123 24 ¢ 0 24 13 37 15 43
124 0 0 0 0 4 34 30 36
125 12 0 0 12 27 39 23 38
Sum 218 5 | 224 510 734 800 866
Average 9.08 0.21 0.04 233 21.25 30.58 33.33 36.08
sD 635 041 0.20 6.36 12.21 10.10 8.52 12.65
Total 625 23 62 710 1113 1823 1310 1667




APPENDIX D. 1995 YUKON GOLD VEGETATION DATA
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Table D-1. Number of hits by plant taxa for paired plot t tests and pooled plot means, based on two hits per sanipling point for a total of
100 hits per plot for 1995 Yukon Gold site, Alaska. Data were collected 27-29 July 1995,

Graminoids Forbs Shrubs
Plot CAAQ CAAT CABI CAMI CASA CASP Al Carex ERAN JUBI CAPA EQVA PESU POVI SAHI DRIN SAAR
C1 13 0 0 0 3 0 16 29 0 0 1 0 2 0 0 4
C2 7 0 0 3 11 §] 21 23 0 {} 0 0 0 0 1 3
C3 12 0 0 0 0 >0 12 27 0 0 0 0 1 0 6 6
C4 5 0 0 2 8 0 15 27 0 0 0 2 1 0 0 3
C5 6 0 G 1 1 0 8 33 0 0 0 1 0 0 0 2
Co 8 0 0 2 0 2 12 28 0 H 0 1 0 0 3 4
C7 5 ] 12 1 0 1 19 23 0 0 0 1 0 0 2 \
C8 6 0 0 0 0 | 7 28 0 0 0 1 0 0 3 1
C9 [0 1 0 a 0 4 15 23 0 0 1 ] 0 1 2 0
Cl10 5 0 0 0 3 1 9 36 0 O 0 {0 0 0 0 0
Cl1 2 0 2 0 2 2 8 33 0 0 2 0 0 0 | 3
Cl2 4 0 0 0 14 1 19 27 0 0 0 1 0 0 0 0
Cl3 4 O 2 0 16 1 23 21 0 0 0 0 0 0 0 0
Cl4 | 0 0 0 7 1 9 36 0 0 0 1 0 0 0 1
Cls 2 0 0 0 5 0 7 40 0 0 0 0 0 0 0 0
Clo 7 0 0 0 1 t 9 30 0 0 2 0 0 0 2 0
C17 7 0 0 0 0 0 7 37 0 o 0 0 0 0 3 H
Cl8 13 0 0 0 6 0 [9 22 1 0 0 0 0 0 4 1
Cl19 4 0 0 0 7 0 11 37 0 { 0 1 0 0 0 0
C20 b3 0 1 0 2 7 18 25 0 ] 2 0 0 0 1 1
C21 7 G G 0 2 0 9 30 0 0 0 2 1 0 1 2
Cc22 1 { 0 0 g 2 12 29 0 0 i 1 2 0 3 0
C23 6 8 0 0 0 3 17 24 0 0 0 0 1 1 3 2
C24 10 0 0 2 1 3 16 27 0 0 1 0 0 ¢ 1 0
C25 4 Q0 0 0 9 0 13 32 0 0 0 0 0 0 0 3
Sum 157 9 17 1t 107 30 331 727 | 1 10 12 8 2 6 38
Average 6.28 £.36 D.68 0.44 4,28 1.20 13.24 2908 0.04 0.04 0.40 0.48 .32 0.08 1,44 1.52

SD 3.40 160 243 087 471 1.66 4.86 528 020 020 071 065 063 028 1.61 1.64



Continued,

Table I>-1.

Shrubs
DRIN SAAR

Forbs

CAPA EQVA PESU POVI SAHI

Graminoids

CAAQ CAAT CABI CAMI CASA CASP All Carex

ERAN JUBI

Plot

31

15
13
I5

Il

32
30
33
20
27

1z
13
| &3
I3
16
I7
I3
19

110

0

Q0

27

32

11

11
13

13

27
6

D-2

18
23
0
2
14

11

— e e v T

16
26

119

12
24

23

0 0

15

120

121

122

2t

123

26
37

124

125

23

23
06.92
1,222

23

22

21

468

229
9.16

38
2.2189 2.2008 6.175759

36
1.44

151
6.04
3.8566

Sum
Average

0.92
1,222

(.92
1.222

0.04 0.88
1,1662

(.84
1.1431]

0
0

18.72
11.866

1.52

0.08
0.4

0.08
0.4

0.2

0

0

SD



Caontinued,

Table D-1.

Non-Vascular Barren

LIVE BRPS DISP FUHY HYBA MOMX ONWA SCSC TONI Moss

"~ Shrubs

SALA SARE SARO

Canopy Ground

Plot

0
0

Cl

0
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o e B P Tl e

- D N
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0
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3
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0
0
0
0
0
(0
0
0
2
0
0
0

Cl15
Clé
C17
Cl18
C19
20
C21
Ccz22
C23
C24
C25

17
0.68
1.22

90
3.60
2.29

196
7.84
6.41

42

88
3.52
3.56

12
0.48
0.96

24

15
0.60
0.87

19
0.76

1.51

Sum

1.68
1.99

0.20
1.00

036 004 096
020 282

0.76

0.04
0.20

0.12
0.44

0.32
0.90

Average

SD
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Table D-1. Continued.

Shirubs Non-Vascular Barren

Plot SALA SARE SARO LIVE BRPS DISP FUHY HYBA MOMX ONWA SCSC TONI Moss Canopy Ground

Il 0 0 0 0 1 { 0 0 0 0 0 { 1 7 2
12 0 I 0 0 3 0 0 0 0 0 3 2 10 5 0
I3 0 1 ] 0 0 0 0 0 0 0 0 0 0 8 0
14 0 0 0 0 0 0 0 0 0 0 7 0 7 8 0
I5 { 0 0 0 0 0 0 0 0 0 3 0 3 11 3
I6 0 3 0 0 0 0 1 3 0 0 0 0 4 12 3
17 0 1 0 0 0 0 0 1 G 0 0 P 3 11 0
I8 0 3 0 0 1 0 0 a 0 0 l 2 4 34 2
19 0 0 0 0 0 0 G I 0 0 I 6 8 36 5
110 { 3 0 0 0 0 0 26 0 0 0 3 31 34 4
I11 0 0 0 0 3 0 0 0 0 0 0 I 4 15 0
112 0 0 0 0 0 0 0 0 0 0 3 14 17 35 P
113 a 0 0 0 0 0 0 0 1 0 ] 6 7 23 2
114 0 0 0 0 2 0 0 0 0 0 0 2 4 15 0
115 0 0 0 0 { 0 0 0 0 0 7 8 15 49 2
I16 0 2 0 0 0 0 0 0 0 0 7 0 7 46 2
It7 0 l 0 0 0 0 0 1 )] 0 0 21 22 28 1
It8 0 1 0 0 0 0 0 0 0 0 2 3 5 24 0
119 0 0 0 0 ¢ 0 0 | 0 0 6 3 12 14 1
120 0 l 0 0 0 0 {0 0 0 0 0 2 2 18 5
121 0 2 0 0 1 O 0 0 2 0 10 1 14 13 1
122 0 4 0 0 1 0 0 0 0 0 2 O 3 36 2
123 0 0 0 0 0 0 0 0 0 0 0 0 0 27 1
124 g 0 0 0 0 0 0 0 0 0 16 0 16 15 {
125 0 0 0 0 0 0 0 0 1 0 9 0 {0 7 0
Sum 0 23 l 0 12 0 i 33 4 0 79 80 209 531 38
Average 0 092 004 0 (.48 0 0.04 132 016 0 3.16 32 836 2124 1.52

SD 0 1.222 0.2 0 09183 O 02 5.1859 04726 0O 42 49917 74715 12.888 1.5578




Table D-2. Number of hits by category for paired plot t tests and pooled plot means, based on two hits per sampling point
for a total of 100 hits per plot for 1995 Yukon Gold site, Alaska, Data were collected 27-29 July 1995.

5-d

Combined  Combined Live Dead Plant Percent Percent
Plot Graminoids ~ Forbs Shrubs Vascular  Non-Vascular Vegetation arr Material Standing  Strangmoor
Plants Plants Water Ridge
Cl 45 3 4 52 10 62 2 36 7
C2 44 0 4 48 4 52 4 44 0 75
C3 39 1 17 57 4 61 1 38
C4 42 3 5 50 3 33 4 43
C5 41 H 2 44 4 48 11 41 95 2
C6 40 2 10 52 2 54 S 41 70 33
Cc7 42 | 6 49 7 56 6 38
C8 35 1 5 41 15 56 9 35 0 27
Cc9 38 2 2 42 28 70 10 20 50 50
Cl0 45 0 I 46 3 49 5 46 30 0
. Cll1 41 2 4 47 12 39 4 37 0
Cl2 46 1 0 47 6 53 3 44 30
Cl3 44 0 0 44 5 49 4 47
Cl4 45 | | 47 10 57 4 39 2
Cl5 47 0 0 47 1 48 3 49 0 0
Cl6 39 2 6 47 8 55 4 41 40
cl7 44 0 9 53 4 57 | 42 30
Cig 42 0 5 47 h] 52 3 43 40 20
C1% 43 | 0 49 | 50 1 49 5 0
C20 43 2 3 48 12 60 4 36 25 40
C21 39 3 3 45 22 67 7 26 0 35
C22 41 4 5 50 ) 56 4 40 10 30
C23 41 2 5 48 13 61 4 35 0 60
C24 43 | 4 48 7 55 2 43 15 30
C25 45 0 3 48 5 53 0 47 o] 0
Sum 1059 33 104 1196 197 1393 107 1000 375 481
Average 42.36 1.32 4.16 47.84 7.88 55.72 4,28 40,00 22.06 25.32

SD 3.05 1.14 - 3.74 3.44 6.44 5.61 2.72 6.64 28.01 22.30



Table D-2. Continued.

9-d

Combined  Combined Live Dead Plant Percent Percent
Plot Graminoids  Forbs Shrubs Vascular Nen-Vascular . Barren . Standing  Strangmoor
Vegelation : Material .
Plants Plants Water Ridge
I1 42 0 1 43 \ 44 9 47 5
12 42 | 1 44 10 54 5 4]
3 39 1 [ 41 0 41 8 51
14 40 0 0 40 7 47 3 45 5
15 38 0 0 38 3 41 14 45 0 0
I6 35 2 3 40 4 44 15 41 45
17 38 1 1 40 3 43 11 46 90 8
I8 13 3 0 16 4 20 36 44 40 60
19 13 1 0 14 3 22 4] 37 0 0
110 11 4 0 15 31 46 38 16 10
111 35 0 0 35 4 39 15 4G 80 20
112 13 1 1 15 17 32 37 31 70
113 26 0 i 27 7 34 25 41 40
114 33 0 2 35 4 39 15 46 30 6
I15 | 0 0 1 15 16 51 33 60 40
116 2 2 0 4 7 11 48 41 30
I17 17 | 4 22 22 44 29 27 0 100
I13 22 1 3 26 5 31 24 45 0 22
119 35 2 0 37 12 49 15 36 0 25
120 31 l 0 32 2 34 23 43 -0 20
121 32 2 2 36 14 50 14 36
122 8 4 2 14 3 17 38 45 0
123 23 0 0 23 0 23 28 49 75
124 31 0 { 31 16 47 15 38 30
125 41 0 0 41 10 51 7 42 2 0
Sum 661 27 22 710 209 919 569 1012 437 476
Average 26.44 1.08 0.88 28.40 8.36 36,76 22.76 40.48 29.13 25.05

SD 13.11 1.22 1.17 12.68 147 12.26 13.64 7.65 33.06 27.85




APPENDIX E. YUKON GOLD ICE PAD PERMIT



DEPARTMENT OF THE ARMY PERMIT

BP Exploration (Alaska) Inc.

Permittee
4-930426 (Staines River 1)
Permit No.
, U. S. Army Engineer District, Alaska
issuing Office

NOTE: The term “you™ and its derivatives, as used in this permit, means the permittee or any future transferee, The term
“this office™ refers to the apprapriate district or division office of the Corps of Engineers having jurisdiction over the permitted
activity or the appropriate official of that office acting under the authority of the commanding olficer.

You are authorized to perform work in accordance with the terms and conditions specified below,

Project Description: TO retain a 2.6 acre -insulated ice pad. Approximately 584,000
galions of water was required for the 6- to 24-inch thick fice pad w1th.1argest .
dimensions of 384' X 272' and covered with about 600 insulated 8" X 24" panels.

Fach panel consists of 4-inch thick expanded polystyrene foam beadboard sandwiched
between Oriented Strand Board. The insulation will be removed in the fal]/w1nter_of
1993 prior to driiling operation. The remaining ice pad will be left to melt during
the spring breakup of 1994,

A1l work will be performed in accordance with the attached plan, 5 sheets dated
June 28, 1993, and one sheet dated September 3, 1293.

Project Location:

Section 13, 7. 8 N., R. 23 E., Umiat Merdian.

Permit Conditions:
General Conditions:
1. The time lim?t for commpleiing the \fl'c-:rk-authorized ends on \]UT y 30, 1994 - .. If you find that‘yoﬁ need

more time to complete the authorized activity, submit your request for a time extension to this office for consideration at least
ane month before the abave date is reached.

2. You musl maintain the activity authorized by this permit in good condition and in conformance with the terms and condi-
tions of this permit. You are not relieved of this requiremen.t' if you abandon the permitted activity, although you ma;." make
a good faith transfer to a third party in compliance with General Condition 4 below. Should you with to cease to maintain
the authorized activity or should you desire Lo abandon it without & good faith transfer, you must obtain a2 modification of
this permit from this office, which may require restoration of the area.

3. If you discover any previously unknown historic or archeolopical remains while accomplishing the activity authorized by
this permit, you must immediately notify this office of what you have found, We wiil initiate the Federzl and state coordina-
tion reguired to determine if the remains warrant a recovery effort or if the site is eligible {or listing in the National Register
of Histaric Places.

ENG FORM 1721, Hov 86 EDTION OF SEFP 8L 15 GESQOLETE, (33 CFR 325 (Appendfx A))
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.4, If you sell the property associated with this permit, you must obtain the sighature of the new owner in the space provided
and forward a copy of the permit ta this ofiice to validate the transfer of this authorization.

5. If a conditioned water quality certification has been issued for your project, you must comply with the conditions specified
in the certification as special conditions to this permit, For your convenience, a copy of the certification is attached if it con-
tains such conditions. ‘

6. You must allow representatives from this office to inspect the aumo:ized"aétivity“ét arij;' time deemed necessary to ensure
that it is being or has been accomplished in accordance with the terms and conditions of your permit.

Special Conditions:

1. A revised monitoring plan addressing vegetation, surface tundra disturbance/sofil
compaction, and bird use shall be submitted within 30 days from the date of permit
issuance for Corps of Engineers approval. The vegetation component sﬁa11 comprise
the crux of the monitoring effort.- Specific criteria for the manitoring plan
duration and threshelds for active rehabilitation efforts are cited in the attached
table and shall be incorporated within the revised monitoring plan.

{Continued on Page 2-A)

Further Information:
1. Congressional Authoritia_as: You have been authorized to undertake the activity described above pursuant ta:
.( ) Section 10 of the Rivers and Harbors Act of 189? {33 U.8.C.403).
{3} Section 404 of the Clean Water Act {33 U.5.C. 1344).
{ } Section 103 of the Marine Protectian, Research gnd Sanctuaries Act of 1972 (.’3_3 U.5.C. 1413).

2, Limits of this autheorization.

a, This permit does.not obviate the need to obtain other Federal, state,- or Io;al authorizati;)ns required. bg"laws o
b, This permit does not grant any property rights or exclusive priviléges, v .
c. This permit does not suthorize any injury to the property or rights of other,

d. Thu permit doea not authorize interference with any existing or proposed Federal project.

3. Limits of Federal Liability. In issuing thia permit, the Federal Government does not assume any liability for the following:

a. Damages to the permitted project or uses thereof as a result of other permitted or unpermitted activities or from natural
causes, : ’

b, Damages to the pei-mitted project or uses thereof as a result of current or future activities undertaken by or on behalf
of the United States in the public interest.

c. Damages to persons, property, or to other permitted ar unpermitted activities or structures caused by the activity
suthorized by this permit,

d. Design or construction deficiencies associated with the parmittad work.

E-2



Special Conditions cont:
2. Annual monitoring reports shall be submitted by January 15 of the year following

- the annual monitoring effort. The final report shall be due by March 15, following
the end of the final field moniteoring period.

E-3



e. Damage claims associated with any future modification, suspension, or revocation of this permit.

4. Reliance on Applicant’s Data: The determination of this office that issvance of this permit is not contrary to the public
interest was made in reliance on the information you provided,

5. Reevaluation of Permit Decision. This office may reevaluate its decision on this permit at any time the circumstances
warrant. Circumstances that could require a reevaluation include, but are not limited to, the following:

a, You fail te comply with the terms and conditions of this permit.

b. The information provided by you in support of your permit epplication proves te have been false, incomplete, or
inaccurate (See 4 nbove),

c. Significant new information surfaces which this office did not consider in reaching the original public interest decision,

Such e reevaluation may result in a determination that it is appropriate to use the suspension, modification, and revocation
procedures contained in 33 CFR 325.7 or enforcement procedures such as those contained in 33 CFR 326.4 and 326.5. The
referenced enforcement procedures provide for the issuance of an administrative order requiring you to comply with the terms
and conditione of your permit and for the initiation of legal nction where appropriate. You will be required to pay for any
corrective measures ordered by this office, and if you fail to comply with such directive, this office may in certzin situstions
(such as those specified in 33 CFR 209,170) sccomplish the corrective measures by contract or otherwise and bill you for the
Cost.

6. Extensions. General condition 1 establishes a time Jimit lor the completicn of the activity suthorized by this permit. Unless
there sre circumstances requiring either & prompt completion of the zuthorized activity or a reevaluation of the puhblic interest
decision, the Corps will normally give favorabie consideration to B request for an extension of this time limit,

below, us permittee, indicates that vou accept and agree to comply with the terms and conditions of this permit,
i e
e A\ W e Segadp 17, 199 ¢

(PERMI%EE:} AND TITLE (DATE)
Supervisor, Permittigpyg

Yoursi

the Federal official, designated to act {or the Secretary of the Army, has signed below,

/)53
/ /s

(DATE)

This permit becomes effective w;

(D;',ﬁRJCTENG?FéR) Colonel John W. Pierce

Jeffrey K. Towner, Chief, Enforcement Section
Regulatory Eranch

When the structures or work autheorized by this permit are still in existence at the time the property is transferred, the terms and
conditions of this permit will continue to be binding on the new owner{s) of the property, To validate the transfer of this permit
and the associated liabilities associated with compliance with its terms and conditions, have the transferee sign and date below,

(TR&NSFEREE} (DATE}

E-4 ¢ 1.5, GOVERNMERT PRINTING OFFICE: 1986 — 717-425
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Yukon Gold Monltoring Plan: Vagetatlon, 1993-1996

Criterion

1993 1994 1995 1996
Pad Pholograph; vegatation control
consiruction; plol sampling; braeding bird study
Ooversummer
1993

270 % total five

Pholegraph; vegetalion coenlrol

vegelatian and impact plet comparison; linal

covarage” report; preject camplala

30-69 % lotal Photograph; vegelalion control Photograph; vegetalion control Photograph; vegalation control
live vegelalion and impact plot comparisorn; and impact plot comparisan: and impact plot comparison;
caverage intarim report posilive rate of nalural site posilive rate of natural site

racavery {210 % racovary from
1994 sampling) and with a 250%
lotal live vagetation cover; final
report; project complate

Il total live vegsatation cover <50%

recovery {210% recovary from
1995 sampling) and with a 250%,
total live vagelation cover, final
repon; projedl cemplale

I total live vegelation cover <50%

or if recovery rale <10%, continue  or if annual racovery rate <10%,
sampling in 1996 reassess miligation approach in
consuliation wilh USACE
<29 % total live Photograph; vegetalion control Photograph; vegatation controf Reassass miligation approach in
vagalation and impact plot comparisan; and impact plol comparison; consultalion with USACE
coverage consultation with USACE; interim repod :

lanilizer application; intarim repart

Relalive 1o mean vegslation cover of adjacent undisturbed control plots plus 0.5 standard daviation (SD) (8.9.. 1993 mean control plol vegalation covaor was

34.0% and curnulative SD of sight dominanispecies classes was 14.3%; 0.5x8D=7,2%, lhus base condilion parcent cover equals 34.0%+7.2% or 41.2%). The
chilenion of 70% of vagalalion cove: would equal 28.8% (41.2%x0.7) tolal live vegetation caver.

The value for {otal live vegetation covar will be calculated annually based an 1he current year sampling resulls far mean cover and 8D, .

Yukon Gold Monltaring Plan: Tundra Surlace Dislurbance/Soll Cornpaction

1994—Phatograph, including aerial oblique and en-ground, a minimum of threas times: during early season sile visit to assess cleanup raguirements; at the tims of
vagaiation monitaring in mid-late summar; and during final site inspection in mid-tate faii. Visually moniler ice pad site to qualitatively assess amount, if any, of
significant ponding at the ica pad location relativa 10 the surrounding undisturbad \undra, I persistent ponding or othar indicalions of surace Impacts are identified
including vegetation racovary <50%, annual photography will be continued In conjunction with the vegetalion menitoring program. Pholographs and a descriplion of
surace disturbances, including subsidance and the deplh of ponding relative 10 surrounding undisturbed tundra, will be submittad as par of the vegetation
monitoring repart. '
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