
Remediating and Monitoring 
White Phosphorus Contamination 

at Eagle -River Flats 
(Operable Unit C), 

Fort Richardson, Alaska 
FY 99 Repòrt 

July 2000 

Prepared for 

U.S. ARMY, ALASKA 
DIRECTORATE OF PUBLIC WORKS 

William A. Gossweiler, Remedial Project Manager 
and 

U.S. ARMY ENGINEER DISTRICT, ALASKA 
JoAnn t Walls, Project Engineer 

Prepared by 

U.S. ARMY ENGINEER RESEARCH AND DEVELOPMENT CENTER, 
COLD REGIONS RESEARCH AND ENGINEERING LABORATORY 

Charles M. Collins and Mark J. Hardenberg, Report Editors 

--= 



REMEDIATING AND MONITORING WHITE PHOSPHORUS CONTAMJNATJON 
AT EAGLE RIVER FLATS (OPERABLE UNIT C), FORT RIÇHARDSON, ALASKA 

FY 99 REPORT 

July 2000 



REMEDIATING AND MONITORING WHITE PHOSPHORUS CONTAMINATION 

AT EAGLE RIVER FLATS (OPERABLE UNIT C), FORT RICHARDSON, ALASKA 

fl 99 REPORT 

July 2000 

Prepared for 

U.S. ARMY, ALASKA 
DIRECTORATE 0F PUBLIC WORKS 

William A. Gossweiler, Remedial Project Manager 
and 

U.S. ARMY ENGINEER DISTRICT, ALASKA 
JoAnn t Walls, Project Engineer 

Prepared by 

U.S. ARMY ENGINEER RESEARCH AND DEVELOPMENT CENTER, 

COLD REGIONS RESEARCH AND ENGINEERING LABORATORY 

Charles M. Collins and Mark J. Hardenberg, Report Editors 

M.E. Walsh, C.H. Racine, C.M. Collins, MS. Walsh, R.N. Bailey 

U.S. Army Engineer Research and Development Center, 

Cold Regions Research and Engineering Laboratory 

J.L. Cummings, R.E. Johnson, K.S. Gruver, RA. Pochop, D.L. York, J.E. Davis, 

J.B. Bourassa, B.S. Dorr 
U.S. Department of Agriculture, National Wildlife Research Center, Fort Collins, CO 

D.G. Robertson 
WEST Inc. 

W.D. Eldridge 
U.S. Fish and Wildlife Service, Division of Migratory Bird Management, Anchorage, AK 

Points of Contact: 
WA. Gossweiler 
Director of Public Works 
600 Richardson Drive #6500 

AflN: AP yR-P W-ENV 
Fort Richardson, Alaska 99505 

(907) 384-3017 
(907) 384-3047 Fax 

Charles M. Collins 
CRREL 
72 Lyme Road 
Hanover, NH 03755 

(907) 353-5180 
(907) 353- 5142 Fax 



r 
L TABLE OF CONTENTS 

I. EXECUTIVE SUMMARY ................................................ i 

II. RISK ASSESSMENT 

II-i. Waterbird Utilization of Eagle River Hats: 
AprilOctober 1999 
William D. Eldridge, and Donna G. Robertson .................. 9 

II-2. Movement, Distribution and Relative Risk of 
Mallards Using Eagle River Flats: 1999 
John L. Cummings, Patricia A. Pocho p, Richard E. Johnson, 
Kenneth S. Gruver, Darryl L. York, james E. Davis, 
jean B. Bourassa, Brian S. Dorr, and Charles H. Racine.... 19 

III. REMEDIATION AND MONITORING STUDIES 

- III-1. Eagle River Rats Pond Pumping Remediation Project: 
L.. First-Year Deployment under the Record of Decision 

Michael R. Walsh, and Charles M. Collins ......................... 33 

III-2. Treatment Verification: Monitoring the Remediation - of White Phosphorus Contaminated Sediments 
of Drained Ponds 
Marianne E. Walsh, Charles M. Collins, and - Ronald N. Bailey ................................................................. 49 

T III-3. Composite Sampling and Analysis for 
White Phosphorus in Untreated Ponds 
Marianne E. Walsh, Charles M. Collins, and TRonald N. Bailey ................................................................. 89 

III-4. 1999 Weather Data for Eagle River Flats 
Charles M. Collins ............................................................... 97 

IV. EAGLE RIVER FLATS SPATIAL DATABASE 

liT-1. Pond Pumping-Ditching and Habitat Change 
T on Eagle River Rats - 

CharlesH. Racine ................................................................ 105 

L 

r 

.=:.--. ... :.------.-:-- 



a 

W-2. Updated Species List for Eagle River Flats, Alaska 
Charles M. Collins and Charles H. Racine ........................ 115 

W-3. Tidal Creek and Drainage Ditch Erosion at 
Eagle River Flats in 1999 
Charles H. Racine ................................................................ 121 

j 

I 

j. 

fl:1 

ti 

f! 

fiL 

1 

ii 



r 

i 

i 

T. EXECUTIVE SUMMARY 

I. EXECUTIVE SUMMARY 

INTRODUCTION 

This is the tenth annual contract report prepared by researchers fròm. 
CRREL and other Federal agencies for U.S. Army Engineer District, Alaska, 
and U.S. Army Alaska, Public Works, describing the results of research, 
monitoring, and retnediation efforts addressing the white phosphorus con- 
tamination in Eagle River Flats, a 865-ha esturaine salt marsh on Fort 
Richardson, Alaska. Fort Richardson is on the National Priority List and 
Eagle River Flats is designated Operable Unit C (OU-C) under the Compre- 
hensive Environmental Response, Compensation, and Liability Act (CERCLA). 
Documents produced under the CERCLA process, such as the Ecological 
Risk Assessmtht, Remedial Investigation Report, Feasibility Study Report, and 
the Proposed Plan, have used the research results first published in this se- 
ries of annual contract reports. 

This year marks the first of a planned 5-year remediation effort in Eagle 
River Flats. Pond pumping, using six remote-controlled pumps to tempo- 
rarily drain contaminated ponds within several areas of Eagle River Flats, 
was conducted this yeat The success of the pumping treatability studies 
conducted in 1997 and 1998 resulted in pond pumping being chosen as the 
preferred alternative in the Record efDecision for OU-C, signed in October 
1998. The pumps keep the ponds drained for an extended period during 
the summer, thus allowing the pond bottom sediments to dry and the white 
phosphorus to sublime and oxidize. In addition, temporarily draining the 
ponds excludes waterfowl from these contaminated water bodies thus re- 
ducing potential exposure to white phosphorus. 

Despite an expected poor season because of predicted flooding tides every 
month, the pond pumping resulted in significant sediment drying and loss 
of white phosphorus in treated ponds. A series of ti de gates installed at the 
heads of tidal gullies that lead into the ponds being treated resulted in the 
prevention of significant flooding in July, August, and early September for 
five of the six ponds being treated. 

Monitoring of the effectiveness of the remediation showed an over 76% 

reduction in the white phosphorus mass of planted particles in Pond 183 

and lesser levels in other locations. Other studies reported on in this year 's 
report include the waterf dwl use and mortality studies, the additional sam- 
.pling for white phosphorus contamination in ponds in Areas A and in C/D 
that had either not been sampled before or had only limited sampling, and 
the collection of environmental and habitat information for Eagle River Flats 
for inclusion in the GIS database. 
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II-1. WATERBIRD UTILIZATION 0F EAGLE RIVER FLATS: ¿J 

APRIL-OCTOBER 1999 
Wiffiam D. Elciridge and Donna G. Robertson 

Aerial surveys to monitor waterbird use of Eagle River Flats (ERE) dur- 
ing the spring, summer, and fall of 1999 were flown by the U.S. Fish and 
Wildlife Service as part of the on-going waterbfrd mortality and monitor- 
ing studies of ERE sponsored by the U.S. Army at Ft. Richardson, Anchor- 
age, Alaska. Nun-ibers of waterbirds were counted or estimated and recorded 
by species or species group at locations on ER} using standardized study 
areas. 

Nearly 100% of ERF remained snow-covered on 21 April 1999 By 3 May, 
hos ever, the entire flats were approximately 85% open Summer of 1999 

was generally wet and water conditions throughout Cook Inlet were good 
Pumping continued to keep parts of Areas A, C, and C /D dry, so, m gen- 
eral, less of the preferred habitat was available to ducks than in previous 
years In late Septeniber flood tides agam nundated ERE Skim ice formed 
penodically in early October, but ERF was 90% open on 13 October, then 
frozen agam, arid open agam from baos m late October 

Tundra and trumpeter swans utilized FREin small numbers durmg 1999 

Lesser snow geese made np 79% of the total geese counted m spnng, f ol- 

towed by Canada geese Duck species utilizing RPm 1999 were smii.lar to 
other years. dabbling ducks making up 99% It is clear that m 1999 ERF 

supported fewer ducks than previous years hi spring the number of ducks 
peaked on 3 May and the peak was considerably higher than other recent 
years Utikzahon of Area C remains reduced from 1997, but the most no- 
ticeable reduction is in use of Area CID, which may be attributed to in- 
creased pumping in that area in 1999 Use of the permanent ponds of Areas 
D and B increased, perhaps reflecting the lack of availabthty of habitat m 
the treated areas Numbers of bald eagles (Halzaeet-us leucocepha lus) were 
low, similar to recent years Lower numbers of eagles m recent years may 
be ascribable to the decreased mortahty of waterbirds on ERE Numbers of 
shorebirds were idwer than in recent years, and no breeding sandhili cranes 
were observed. 

II-2 MOVEMENTS, DISTRIBUTION, AND RELATIVE RISK 
OF WATERFOWL USING EAGLE RIVER FLATS 1999 

John L. Cununins et al. 

We determined spatial distribution, movements, turnover rate, and mor- j 
tahty of mallards using Eagle River Flats, Fort Richardson, Alaska, during 
fall migration, 4 August to 14 October 1999 We randomly captured 116 - 

mallards between 4 and 18 August on 'ERE using a net-gun from a Bell 212 j 
helicopter Eachmallard was banded and fitted with a 9 l-gbackpack trans- 
mitter and released at its capture site All 116 mallards were fitted with stan- 
dard mortality transmitters that emit ábout 60 pulses per minute when the 
duck is alive. If the duck dies, the transmitter will emit about 120 pulses per - 
minute. 'Eacking data indicated that transmitters did not appear to inhibit 
mallard movements or activities. LOCATE Il was used to map telemetry j 

II 



I. EXECUTIVE SUMMARY 3 

r Llocations. Mallard movements and distribution indicate that theyspent about 
82%of their time in Areas A, B, C, and CID. In addition, mallards spent 

r': about 61% of their time in areas that aÑ considered contaminated (A, BT, C, LC/D, and lU). The average daily turnover rate for waterfowl was äboùt 
1.3%. The greatest turnover of waterfowl occurred from 20-31 August and 

n 15-27 September when 29 and 20% of the mallards, respectively, departed 
L ERF. Mortality of instrumented mallards that used ERE from 4 Augutto 

14 October was 34. Of those, 24 were attributed to white phosphorus inges- r lion. The greatestmortality occurred in Area A, 9 of 24 (38%); Area C, 6 of 24 
(25%); and Areas C and CID, each 6 of 24 (25%). Overall, these areas ac- 

- counted for 88% of the mallard mortality on ERF. We recovered 11 whole 
duck bodies from the 24 while phosphorus mortalities. Analysis showed 
that all 11 were positive for white phosphorus. A mortality model was de- 
veloped for ERE to estimate the total individual dabblers using ERE, the 

r peak number of dabblers using ERE. and the total number of duck mortali- 
ties on ERE during the fall migration period. In 1999,1334 individual dab- 
blers used ERE from 4 August to 14 Octobet Dabblers peaked at 650 be- 
tween 21 and 24 August and 721 between 21 and 28 September. The overall 
mortality that occurred on ERFwas 198 dabblers. The aerial counts and the 

L- model reflected a 55% deaease in the number of dabblers using ERE. In 
conclusion, the use of racho telemetry to collect data on mallard distribu- 

T lion and mortality on ERE since 1996 has been an effective and safe method 
L- to measure the effects of remediation actions, such as pumping, draining, 

and AquaBlok. 

III-1. EAGLE RIVER FLATS POND PUMPING REMEDIATION r PROJECT: FIRST-YEAR DEPLOYMENT UNDER THE RECORD OF 
DECISION 
Michael R. Walsh and Charles M. Collins 

The 1999 field season marks the beginning of the remediation phase for 
the Eagle River Flats project. This year, tidal predictions indicated a very 
poor year for remediation at the Flats because of monthly inundation dur- 
ing lunar high tides. However, owing to a slight shift in the riverbed at the 
south end of the Flats and the increased effectiveness of the tide gates in 
Area C because of continuing modifications, Areas C and A experienced a 
treatment season of i 02 contiguous days without flooding. 

Deployment changes were made over last season. Pond 290 in Area A is 
no longer being treated, as no significant contamination remained at the 
end of the 1998 season. A sump wäs blown in Pond 730, Area C/D, and a 
126-Lis pump was placed there. A sump was also blasted in the dredge 
channel in Pond 146 for the large, 189-Lis pump. This allowed us to draw 
Pond 146 down significantly morejhan in 1998, thus addressing some of 
the contaminated areas in the vicinity on Canoe Point. Additional ditches 
were made using Bangalore torpedoes and detonation cord to expedite drain- 
age in treated areas. 

This year, we had three 1100-L, double-walled fuel tanks to supplement 
the two 1900-L tanks used in the field last year. The lack of flooding after 
the June high tides resulted in a sharp drop in the necessity to refuel the 

- 
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field systems Logistics still need to be worked out to make the most effi- 

aent use of these assets Three additional 1100-L tanks have been ordered 

to allow complete field refue]mg and defuehng with a Bell 212 helicopter, I 

thus reducing our reliance on the Blackhawks and significantly reducing U 

costs. 
A teamfrorn Weldin Construction, Inc., ledby Terry Edwards, conducted 

the field operation and mamtenance work this year The results were excel- 

lent They were able to address and work through a number of potentially 

cnppling problems in the field As a result, there was no sigmficant un- r 

planned downbme this year. The controls were once agam reconfigured Li 

and rewired, this time to address stuck float switches This will also in- 

crease the reliability of the systems, as the controls were simplified in the 

process A developmental video momtoririg system was deployed, with j 
mixed results. Although it was a valuable tool, more wàrk needs to be done 

before it becomes useful. I 

Next season looks to be unavoidably bad, with tides in excess of 9 75 m 

(32 It) every month The option of whether or not to deploy was consid- 

ered, and the decision was made to reconunend deployment to ensure con- j 
tinmty of the project, to reduce the effects of inundation of the ponds under I 

treatment (especially Pond 730), and to work out the new communications 

structure of themeteorological station and the video monitorthg system. j 
m-2 TREATMENT VERifICATION MONITORING THE 

REMEDIATION OF WHITE PHOSPHORUS CONTAMINATED j 
SEDIMENTS OF PRAINED FONDS 
Marianne E Walsh, Charles M Collins, and Ronald N Bailey 

The in-situ decontamination of white :phosphorus contaminated sedi- 

ments at ERF by pond pumping continued, and it was montored with the 

three part approach developed ni 199? We used dataloggers to record sedi- 
r 

J 

ment moisture and temperature to see if conditions were favorable for sub- J 
hmationoxidation, we measured residual white phosphorus from particles 

that we planted m the surface sediment, and we resampled areas of known F 

contamination. -. 

J 
The main pond of Area C (Pond 183) has been pumped for three con- 

secutive seasons This year (1999), the pond was dewatered by pmnpmg m I 

early June and the sediments dried sigmficantly until a series of flooding (j 
tides on 14-19 June Sediments dried rapidly after the flood and were un- 

saturated for several weeks until persistent rainfall m late July and August 

Allmeasares of wMephosphorus showed a contntumg dechne in contaim- j 
nation Four of the five white phosphorus particles planted decreased from 

an initial mass of 5 6 ± O 5 mg to less than or equaJ to O 5 mg One particle 

showed no change The composite sample taken from the niiddle of Area C 

(C 100 m) has dechned from 0 07 xg/g n June 1997 to 0002 .ig/g m Sep- 

tember 1999 Discrete samples obtained on a 1 82-m square gnd m the pre- 
I 

viously highly contaminated DWRC Pen 5 showed a decline in both the Il 

number of positive samples (from 48 in 1996 to 13 in 1999) and the highest - 
concentration found (420 to 0 036 ig/g) We collected subsurface samples 
from six locations in Pond 183 that were cored in 1992 and had white phos- J 

L2 
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phorus contamination along the core length. In 1999, white phosphorus was 
undetectable at five of the six locations. Finally; white phosphorus in Miller 's 

n Hole, the crater produced when a white phosphorus-containing UXO was 
L detonated in 1992, is nowjustbarely detectable (0.0008 jig/g) compared to 

2400 j-'glg in a sample collected on the day of the detonation. Pond pump- 
r ing is successfully remediating Pond i83 
L We sampled Pond 146 adjacent to Canoe Point in an area that showed 

contamination remaining after dredgthg. Contamination remains in the 
r surface sediment- We frequently observe ducks using this area, and it may Lbe an important source of poisoning. The sump for this pond was deep- 

ened significantly in September 1999 in an effort to enhance drying of this 

n contaminated area during thenext 4 years. 
Pond 155, to the northeast of Pond. 183, is also drained by pumping, but - 

is more difficult to desaturate because of its location within a bulrush marsh. 
Some mirdrnal drying occurred, but planted particles shoed no change in 

t : 
mass. A grid for collecting composite samples was established last fall, but 

-s no decline in white phosphorus concentration is evident. 
- Fonds 258 and 256 were drained for the second consecutive season and 
: both showed drying and a decline in the mass of planted white phosphorus 
-s particles of 50 and 48%, respectively. An additional 1? composite samples 

were taken for Pond 258, but no white phosphorus was detected. r- 
Pond 730 in Area C/D was newly drained by pumping this year, based 

- on the significant mortality of radio-collared ducks there. No white phos- 
phorus was detectable within this pond, but we did locate a hotspot to the 

r north of the pond. This pond was flooded frequently by flow from blasted 
L Bread Truck gully. Some drying and sediment consolidation occurred in 

this pond and there was loss of white phosphorus from the planted par- 
tides at the monitoring stations. 

L The Bread Truck Pond (Pond 109) dried significantly on the north side, 
near the blasted ditch. Planted white phosphorus particles declined by 72%, 

n, and the white phosphorus concentration in the composite sample near the 
L ditch (Bi North 100 m) is only 0.0003 j.'g/g, declining from 0.012 jig/g in 

June 1997. The south side of the pond remains wetter owing to frequent 
- flooding and incomplete drainage to the ditch, and decontamination has 

been minimal. Erosion of the ditch is significant. Advancement of the ditch 
towards the east exposed a white phosphorus mortar roundS, which we lo- 
cated by smoke wisping within a gully lobe. Serious consideration should 

L be given to controlling the erosion and flOoding from this ditch. 

HI-3. COMPOSITE SAMPLING AND ANALYSIS FOR WHITE 
PHOSPHORUS IN UNTREATED PONDS 
Marianne E. Walsh, Charles M. Collins, and Ronald N. Bailey 

Ponds that were unambiguous sources of waterfowl poisonings are un- 
dergoing remediation at ERE. Much of Area C has been drained by pump- 
ing, and the Bread Truck Fond and Racine Island ponds have been drained 

L by ditching. These treatments remove severely contaminated ponds as wa- 
terfowl-feeding habitat for part of the year. Mortality of telemetry mallards 

fl indicates that localized area olçontarnfration (hotspots) may still be present 
L 

E 
f 
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in Area C ¡D and possibly Area A. In 1999,we collected composite samples 
from Areas A, C/D, and Coastal East, where previous sampling was sparse 
or non-existent. We found two small areas of contamination: 1) Pond 75, 

which is on the boundary of Area C/D and CoastalEast, and 2) part of 
Pond 226 in Northern Area A. Contamination wasnot widespread in either 
case; neighboring composite samples were bllanlc. 

We also sampled two ponds where we suspected contamination based 
on the pond location or previous sampling. Pond 511 in Area C and Pond 
680 on Racine Island were both blank. 

III-4. 1999 WEATHER DATA FOR EAGLE RIVER FLATS 
Charles M. Collins 

The summer of 1999 had normal to slightly above-normal temperatures 
for June through September. Precipitation was below normal in June, slightly 
above normal in July, and considerably abOve normal iii August and the 
first half of Septenibeii May and June aré normally the driest month of the 
core drying seasonneeded for treatment of contaminated pond bottom sedi- 
ments The cooler weather and flooding tides of May ehnunated any effec- 

five drying that month, but June and the first week of July provided near 
ideal drying conditions. There were 30 days during the summer th maxi- 
mum temperaturés of 20°C or m*e. This compares to only 18 days during 
the summer of 1998. After 9 July, the net evaporation rate decreased dra- 
matically because of the increased rainfall, more complete cloud cover, and 
resditing decreased evaporation. Several large rainfall events occurred in 
August, with 25tnm (1 1n) falitg on 13 August. 

IV-L POND PUMPIÑG-DITCHING AND HABITAT CHANGE 
ON EAGLE RIVER FLATS 
Charles H. Racine 

We monitored the changes in vegetation-habitat in and adjacent to five 

permanent ponds that were drained by sumnier pumping or by permanent 
ditching during i, 2,3, or 4 years between 1996 and 1999. While pond aquatic 
species disappeared almost immediately following dewatermg, other emer- 
gent species, such as mare'S tail, declined more slowly over 2 to 3 years. 
Sedges such as Ramenskii's sedge and Lyngbyei's sedge appear to be fairly 
stable and resistant to dewatenng Some sedges such as Mackenzei's and 
Lyngbyei s sedge have expanded onto the moist organic sediments on the 
bottom of a deeper pond pumped over the past 2 years There is little evi- 
dence that salt-tolerant annuàls associated with the mudflat zone are in- 
vading the newly exposed permanent pond bottoms. Pumping and ditch- 
ing of deeper ponds in the bulrush marsh area began more recently and 
evidence of major diange is hard to detect, although multispectral imagery 
shows a decline in" greenttess/' There is in general, little evidence of a major 
readjustment of habitat and 'egetation attributable to white phosphorus 
remediation. 
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E IV-2. UPDATED SPECIES LIST FOR EAGLE RIVER FLATS, ALASKA 
Chañes M. Collins and Charles H. Racine 

We present an updated species list of birds and vascular plants for Eagle 
River Flats. As monitoring studies and remediation efforts have been car- 
ned out over the last several years, additional species have been added to 
each of the two lists that were originally compiled as part of the extensive 
site investigation studies carried out in Eagle River Flats during 1990 through 
1995 to evaluate white phosphorus distribution, persistence, and ecological 
risk. As of 1999 there have been 97 species of birds observed in or along the 
border of Eagle River Flats, indicating the rich diversity of this salt marsh 
complex and the important ecological role it plays in the Upper Cook Inlet 

fl Region. We also include the list of invertebrate species identified in sedi- 
ment samples collected in Eagle. River Flats. 

IV-3. TIDAL CREEK AND DRAINAGE DITCH EROSION 
AT EAGLE RIVER FLATS IN 1999 
Chañes H. Racine 

Active tidal creek and gully erosion is a major physical process in Eagle 
River Flats. The high tides and large volume of water that are drained by 
these gullies on the ebb tide result in large volumes of fast-moving water 
that can erode both lateral and headward walls of these gullies. This could 
result in pond drainage similar to that produced by blasting ditches. The 
erosion represents a loss of mudflat habitat and could also influence both 
the remedial-ion success and our ability to restore the wetland habitat once 
remediation is completed. In addition, erosion can uncover buried muni- 
fions. In 1998, we developed a remote sensing technique for monitoring 
gully erosion and applied it to one gully. This extends some of this work by 
comparing erosional change from 1998 to 1999. 

There has been little new erosion of the headwalls of the three natural 
gullies draining the treated ponds on the east side of Eagle River Flats dur- 
ing the past year (August 1998 to August 1999). However, two lobes at the 
headwall of the constructed ditch in the Bread Truck Pond continue to erode 
at an average of about 8-10 m per yeat These will eventually develop into 
two separate gullies, which may uncover additional ordinance buried by 
sediments in the Bread Truck Pond as they erode. An effort maybe required 
to stop this" runaway" erosion of the Bread Truck ditch, eitherby constmc- 
lion of a tide gate or by other means. 

LII 
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II-l. WATERBIRD UTILIZATION OF 
EAGLE RIVER FLATS: APRIL-OCTOBER 1999 

William D. Eldridge 
U.S. Fish and Wildlife Service 

Donna G. Robertson 
Harding Lawson Associates 

INTRODUCTION 

Aerial surveys to monitor waterbird use of 
Eagle River Flats (ERF) during the spring, 
summer, and fall of 1999 were conducted by 
the U.S. Fish and Wildlife Service as part of 
the on-going waterbird mortality and moni- 
toring studies of ERF sponsored by the US. 
Army at Ft. Richardson, Anchorage, Alaska. 
The purpose and history of these investiga- 
lions have been presented elsewhere (Racine 
and Cate 1996). 

STUDY AREA 

Eagle River Flats is a salt marsh com- 
plex. of 870 ha located on the south side of 
Knilc Arm, approximately 10 km east of An- 
chorage (Fig. H-1-l). A detailed description of 
this area is presented in Racine and Cate 
(1996). 

METHODS 

Aerial surveys of ERF were flown from 
April through October 1999. Surveys were 
conducted twice per week during fall, and 
once per week in spring and summer, except 
when weather or air space restrictions pre- 
cluded flights. Surveys were flown using a 

fixed-wing aircraft at an airspeed of 100-120 
km/hr and at an altitude 70-75 m. Total cov- 
erage of ERF was obtained by overlapping 

b 

transects. Numbers of waterbirds were 
counted or estimated and recorded by spe- 
cies or species group with a cassette tape r& 
corder. Waterfowl numbers were classified by 
locations on ERF. using standardized study 
areas (Fig. ll-1l). When possible, birds were 
also recorded by individual ponds within 
each study area, using a standardized pond 
numbering system. Areas (lta) of permanent 
and intermittent study ponds were obtained 
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Figure 11-1-1. Standardized ERF study areas stir- 
veyedfor waterfowl. 
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from digitized maps provided by the Cold 
Regions Research and Engineering Labora- 
tory and used to convert bird numbers to den- 
sities within the study areas, 

RESULTS AND DJSCUSSTON 

Moisture conditions 
In contrast to 1998, when 90% of ERE was 

ice-free by mid-April, nearly 100% of ERE re- 
mained snow-covered by 21 April 1999. The 
late spring in 1999 was characteristic of much 
of.Alaska. By 27April there was considerable 
-variation in sno* añd ice cover among the 
standardizedstudy areas: Areas A and B were 
50% frozen, Area C/D was mostly opEn and 
fldoded, aññ Area D was 80% frozen. By 3 
May. the entire flats were avvroximatélv 85% 

open, with Area A 20% frozen, Area B 70% 

frozen, Area C 20% frozen, and Area D still 
80% frozen. Summer of 1999 was generally 
wet. Wäter conditions throughout Cook Inlet 
Were good, and ERE marshes were wet, ex- 

cept where pumping or drainage occurred. 
Pumping was particularly effective in reduc- 
ing water levels in parts of Areas A, C, and 
C/fl Fall in Cook ThIet was generally mild. 
Flood tides in early September inundated ERE 

but drained in a few days. Pumping contin- 
ued to keep parts of Areas A, C, and CID dry 
so,in general, less of the preferred habitat was 
available to ducks than in previous years. In 
late September flood tides again inundated 
ERE Skim ice formed periodically in early 
October, but ERF was 90% open on 13 Octo- 
ber, then frozen again, and open again from 

tides in late October. 

Table ll-1-i.Ntmiber of birds, by species or species group, observed düring aerial sur- 
veys of ERE in 1999. 

4/14 4/21 4/27 5/3 5/11 5/19 5/26 6/2 6/18 6/30 7/8 7/19 7/28 8/1.6 

Swn D 012734 7 D D 0 0 0 0 D 2 D 

Geese 
GreaterwHtLfronted O D O O D O O D D O D 0 0 27 

Lesersno* D 03,335 25 0 0 0 D 0 0 0 D 0 0 

Canada D 0 720 109 17 13 D 2 23 19 D 25 15 105 

Subtotal geese D D 4,055 134 17 13 D 2 23 19 0 25 15 132 

Ducks 
Green-Winged teal D 0 D 282 114 25 3 34 42 11 6 Q 11 73 

MallaTd O D 40131 26 37 39 40 2 62 28 33 2166 
Northerapintali O O SD 433 172 5 31 iS 2 2 0 4 D 65 

Notthexnshoveler D Q D 89 25 0 11 10 0 0 0 0 D O 

Americanwigeon D O 5 487 102 48 57 93 39 16 36 20 12 84 

Gadwall O 0 O O D O O D D O O O O ID 

Geaterscaup O O 3 O D 15 9 0 D O D D D 0 

Unidentifiedduck O O 235 10 0 0 D 4 50 O D 53 25 72 

Subtotal ducks O 330 1,432 439 130 lSD 196 135 91 7D 110 SD 470 

Other bird s 
Baldeagle 2 2 0 3 7 D 2 0 O O D O D D 

Sancthiilcraxìe D O O 2 D 2.33 .3 1 13 O 12 13 2 

Shorèbfrd 0 D 0 25 85 255 235 12 35 274 D 173 11 11 

Gull O O 2728539173131 77453425010 
Arctictern 0 D O 0 13 3 56 9 42 12 5 4 2 0 

Commonraven D O D O D 5 O D O D O D O I 

.. 
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h 
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II-i. WATER&RD UTILIZATION 11 

Abundance and distribution of waterbirds 
on ERF 

In 1999,31 aerial surveys were conducted. 
Numbers of birds by species or species groups 
are listed by survey date in Table TI-i-i and 
Figure II-i-2. Utilization of ERE study areas 
by major waterfowl groups by season is pre- 
sented in Tables II-i-2 and II-1-3. A discussion 
of utilization of ERF by species or species 
groups is presented below. 

Swans 
Tundra (Columbus columbianus) and trum- 

peter swans (C. buccinator) utilized ERF in 
small numbers during spring of 1999, with a 
maximum of 134 observed on 27April. Swans 
were observed on two other surveys in spring, 
and use was concentrated in Areas B and D, 

similar to other years (Table II-1-i, Fig. II-1- 
3). 

In fall, swan numbers peaked in late Sep- 
tember at 108 birds, considerably lower than 
recent years, and the fall mean of i9 swans 
was the lowest recorded since surveys began. 
Swans utilized areas D, B, and CID most dur- 
ing fall (Fig. II-l-3), similar to other years. Two 
dead swans were observed during fall sur- 
veys, and one swan was observed alive, but 
likely sick or injured, on 28 Octobet 

Geese 
Peak counts of geese occurred on 27 April, 

primarily attributable to lesser snow geese 
(Citen cacrules cens caerulescens) (Table II-i-1, 
Fig. II-i-4). Snow geese made up 79% of the 
total geese counted in spring, followed by 

Table II-1-i (cont'd). 

.n .... 8/20 8'24 8/30 9/3 9/8 9/14 9/16 9/20 9/28 10/4 20/7 10/13 10/20 10/28 

Swans 6 0 0 6 29 31 6 33108 30 11 27 4 1 

- Geese 

L 

Greater-white-fronted 8 15 27 10 8 0 0 0 0 0 0 0 0 0 
L. Lessersnow O 0 0 0 0 0 0 0 0 0 0 0 0 0 

Canada 97 140 296 50 119 41 12 57 345 90 90 65 0 0 

b Subtotal geese 105 155 323 60 127 41 12 57 345 90 90 65 0 0 

Ducks 
n Green-winged teal 40 143 66 56 57 84 52 65 55 38 87 97 8 0 

j Mallard 184 197 142 182 45 117 105 67 432 188 158 123 29 40 
I- 

Northern pintail 27 95 45 51 15 5 20 13 10 24 II O O 5 

- Northernshoveler O O O 7 0 0 .0 0 0 0 0 0 0 0 
Americanwigeon 50 70 100 41 33 58 19 23 0 31 5 0 0 0 

- Gadwall o o o o o o o o o o o o o o 

Greaterscaup . O o o o o o o o o o is o o o 

r Unidentifiedduck 45 156 55 0 27 86 100 245 63 155 34 0 . O O 

Subtotal.ducks 346 671 408 337 177 350 296 413 560 436 310 220 37 45 

- Other birds 
Baldeagle i O O i i O O O 2 3 O O i O - 
Sandhillcrane O 4 2 0 2 6 0 15 0 0 0 O O O 

Shorebird 20 14 2 0 5 0 0 18 15 0 0 O O O 
P.-, 

Gull s s o o o o o o o o o o o o 

Li Aretictern O O O O O O O O O O O O O O 

Con-trnonraven 8 0 0 2 0 0 O. O 0 0 0 O O O 

- ---- 
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Figure 11-1-2. Numbers of swans, 
geese, .ànd ducks counted on ERF dur- 
Ing aerial surveys in 1999. 
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Table 114-2. Mean numbers of waterfowl groups in 1999 by season. The number of complete 
surveys used to classify observations by area, for spring, summer, and fall, were 8, 5, and 15, 

respectively. 

Swans 
Geese 

Greater white-fronted 
Lesser snow 
Canada 

Ducks 

Swans 
Geese 

Greater white-fronted 
Lesser snow 
Canada 

Ducks 

Swans 
Geese 

Greater white-fronted 
Lesser snow 
Canada 

Ducks 

Coastal 
West A B 

1.0 0.0 4.6 
45.7 233.7 129.4 

0.0 0.0 0.0 
12.1 12.1 114.3 

33_6 51.6 15.1 
91.6 119-1 34.3 

0.0 0.0 0.0 
1.8 1.0 

0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 LS a-o 

12.2 24.0 21.2 

0.0 0.0 10.6 
24.9 20.1 5.4 

1.1 0.9 1.3 
0.0 0.0 0.0 

23.8 19.1 4.1 
63.3 50.3 68.0 

Racine 
Island C CID 

Spring 

0.0 0.0 0.0 
0.9 161.4 0.9 
0.0 0.0 0.0 
0-0 150.0 0.0 
0.9 11.4 0.9 
2.0 23.7 41.3 

Summer 

0.0 0.0 O.Ò 

2.5 62 0.0 
0.0 0.0 9.0 
0.0 0.0 0.0 
2.5 6.2 0.0 
4.0 2.0 16.3 

Pall 

0.0 0.0 1.8 
12.3 191 0.4 
d.o 3.0 0.0 
0.0 0.0 0.0 

12.3 16.7 0.4 
5.2 16.3 28.7 

Truck Coastal 
Pond East D 

0.0 0.6 17.9 
27.9 2-9 0.0 

0.0 0.0 0.0 
21.4 0.0 0.0 

6.4 2.9 0.0 
3.6 17.1 21.7 

0-0 0.0 O.o 

0.0 2:5 0.0 
0.0 0;0 0.0 
0.0 0.0 o-O 

0.0 2.5 0.0 
3.3 12.8 12.8 

0.0 0.1 6_9 

0.0 24.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 24.0 0.0 
7.7 30.9 67.7 
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H Table II-1-3. Percent duck use of major habitat types by sea- 
son on ERF in 1999. 

T Knik Eagle Tidal 

L (n) Ponds shoreline River sloughs 

- Spring (2,481) 56 1 3 0 

i 

Summer (652) 48 10 4 0 
Fall (5,076) 63 7 3 1 

T 

Figure 11-1-3. Mean densities of swans on ERF study areas in spring 
and fall 1999. Numbers in parentheses are the percent of total swans 
observed in each area. The area (ha) of permanent and intermittent 
ponds in each area was used to calculate densities. L.. 

.. 
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FALL 22) (0) 

1) 

Density (ha) 

FiguTe 114-4. Mean densities bf geese on ERE study areas in spring, 
summer, and fall 1999. Numbers in parentheses are the percent of total 
geese observed in each area. 

Canada geese (Branta canadensis). Geesé uti- 
lized Areas A, B, and C most in spring (Fig. 
II-l-4). 

A stail number of Canada geese used ERE 
during summer for nesting or brood-rearing 
(Table II-1-1), with most use occurring along 
the river banks of Area C (Fig. II-1-4). Fall 
goose migration was sinti1ar to other years, 
except that fewer geese used ERE. Peaks oc- 
curred in late August and again in Septem- 
ber, with heaviest utilization of Coastal East 
and Coastal West Areas (Table II-1-1, Fig. II- 
1-4). Tule white-fronted geese (Anser albfrons 

frontalis) were observed in small numbers in 
fall, and snow geese generally do not migrate 
through Cook Inlet in fall. 

Ducks 

Duck species utilizing ERE in 1999 were 
similar to other years (Table II-l-l). Dabbling 
ducks made up 99% of the ducks counted 
through the sOason. Mallards (Anas 
platyrhynchos), American wigeon (A. 
americana), American green-winged teal (A. 
crecca), and northern pintail (A. acuta) were 
the most common species observed. Of the 
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1991 1995 

1992 1996 

1993 1997 

1998 

t--- 1999 

¡'r, 

t" 
4/I/99 5/1/99 6/1/99 7/1/99 8/1/99 9/1199 10/1/99 11/I/99 

Figure 11-1-5. Numbers of ducks observed during aerial surveys of 
EK13 1991-1999. 

four major habitat types used to classify duck 
locations, ponds were the most important 
(Table II-1-3). Numbers of all species of ducks 
combined are presented for 1991-1999 in Fig- 
tire II-1-5. It is clear that in 1999 ERF supported 
fewer ducks than in previous years. 

In spring the number of ducks peaked on 
3 May (Table 114-1, Fig. 11-1-5) and the peak 
was considerably higher than other recent 
years. Ducks spent little time on ERE during 
April or May. Ducks utilized Areas A and 
Coastal West most in spring, but the highest 
density was recorded in Area C/D (Fig. II-1- 
6). 

The mean number of ducks per survey- 
during summer, 160, was considerable higher 
than the mean of 78 of 1998, and similar to the 
1988-97 mean of 190. Ducks utilized Areas B 

and A most during summer (Fig. II-1-6). As. 

in previous years, broods of American sdgeon 
and mallards were observed in ERE during 
summer. 

Migration phenology for ducks during fall 
1999 was somewhat different from recent 
years in that the numbers of ducks utilizing 
ERE did not exhibit dramatic peaks or .fluc- 

and 54% lower than the 1988-97 mean of 836. 
Ducks utilized Areas B and D most in fall, 
with the highest densities in Areas B, C/D, 
and D (Fig. H-1-6). The high percentage of 
ducks reported for Coastal West reflects more 
use of permanent ponds in the far west cor- 

-. ner this year over previous years, rather than 
increased use of the tidal mudflats. Observa- 
tions of ducks were also recorded by indi- 
vidual pond when possible. While it was not 
possible to separate out small ponds in com- 
-plex systems, use of important, distinguish- 
able ponds was recorded (Fig. II-1-7). The 
large permanent ponds of Areas B and D were 
important, as well as the Beaver Pond in Area 
C/D, similar to other years. 

Changes in fall pond use by ducks 
Because of the ongoing treatability studiés 

and attempts to reduce exposure of ducks to 
white phosphorus, duck utilization of the 
standard study areas of ERE from 1997 
through 1999 are compared in Table 11-1-4. 

Utilization of Area C remains reduced from 
1997, but the most noticeable reduction is in 
use of Area CID, which may be attributed to 

T- ftiations as in most other years, and numbers increased pumping in that area in 1999. Use 

L. were fewer (Table II-1-1, Fig. II-1-2). Themean of the permanent ponds of Areas D and B in- 

number of ducks observed in the fall, 384, was creased, perhaps reflecting the lack of avail- 
-"M considerably lower than the 684mean of 1998, ability of habitat m the treated areas 

- >'+* sP 

- - 
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SPRING 

PAL 
120, 

Mean Duck De a> 

O .51 1.52 

Figure II-1-6 Mean densities of ducks on EKE study areas in spring, 
summer, and fall 1999 Numbers in parentheses are the percent of 

total ducks obsetved in each area. The area (ha) of pernument and 
intermittent ponds fri each area was used to calculate densities. 

Bald eagles 
Numbers of bald eagles (Hahaeetus 

leucocephalus) were low (Table II-1-1), similar 
to recent ears While specthc shoreline sur- 
veys for eagles were not conducted, concen- 
trations sinular to earlier years of 50 or more 
eagles would have been noticed Lower num- 
bers of eagles in recent years may be ascnb- 
able to the decreased mortality of waterbirds 
on ERR 

Shorebirds 
Numbers of shorebirds were combined for 

all species, since individual species were not 

identified from the airplane (Table Il-l-l) 
Numbers of shorebirds were lower thañ in 
recent years Common species on ERF include 
least sandpipers (Cahdrzs min utilla), semi- 
palmated sandpipers (C. pusilla), *esterñ 
sandpiper (C. mauri), dowitchérs 
(Limnodromus spp.), and greater and lesser 
yellowegs (Tringa spp.). 

Gülls and tents 
Gullpecies were combined for aerial sur- 

veys (Table II-1-l). They include mew gulls 
(Larus canus), glaucous-winged gulls (L. 

glaucescens), and herring gulls (L. argent atus). 
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Figure 11-1-7. Percent use of ponds by ducks cias- 
s«ïed to ponds during aerial surveys in fall, 1999. 

Arctic tems (Sterna paradísaea) were common 
into July The mew gull colony formerly in 
Area D now consists of just a few pairs. 

Sandhill cranes 
Sandhill cranes (Grus canadensis) were ob' - served on ERE in small numbers sporadically 

from spring to mid-September (Table II-1-l). 
No breeding sandhill cranes were observed 
onERFinl999. H 
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Table II-1-4. Percent use of ERE study areas 
and maj or habitat types by ducks in fall 1997, 
1998, and 1999. Habitat types within study 
areas used by fewer than 1% of ducks are not 
listed. 

Percent use 

Area/habitat 1997 1998 1999 

Coastal West 9.9 17.6 18.8 
Ponds 5.6 9.1 10.9 
lKnik Shoreline 4.3 7.6 6.6 

A 14.6 5.6 14.9 
Ponds 14.5 5 11.5 

B 25 19.2 20.1 
Ponds 19.2 18.2 16.1 
Eagle River 5.8 1 1.4 

Racine Island 0.6 1.1 1.5 

C 17.9 4.8 4.8 
Ponds 2.4 4.7 1.0 
Eagle River 15.5 0.1 1.0 

C/D 11.4 15.3 8.5 
Ponds -11.4 15.3 3.7 

Bread Truck 1.3 1.9 2.3 
Ponds 1.3 1.9 1.1 

Coastal East 9.1 21.1 9.1 
Ponds 2.8 9.3 5.0 
Knik Shoreline 6.3 11.7 0.9 

D 10.7 13.4 20.0 
Fonds 10.7 13.4 20.0 
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II-2. MOVEMENT, DISTRIBUTION AND 
RELATIVE RISK OF MALLARDS USING 
EAGLE RIVER FLATS: 1999 

John L. Cummings, Patricia A. Pochop, Richard E. Johnson, 
Kenneth S. Gruver, Darryl L. York, James E. Davis, Jean B. Bourassa, 
and Brian S. Dorr 
National Wildlife Research Center, U.S. Dept. of Agriculture, Wildlife 

L Services, Fort Collins, CO 

Charles H. Racine 
U.S. Army Engineer Research and Development Center, Cold Regions 
Research and Engineering Laboratory, Hanover, NH 

INTRODUCTION 

The U.S. Army has used Eagle River Flats 
(ERE), Fort Richardson, Alaska, since 1945 as 
an impact area for artillery shells, mortar 
rounds, rockets, grenades, illumination fiares, 
and Army/Air Force Door Gunnery Exer- 
cises. In August 1981, hunters discovered- 
large numbers of duck carcasses in ERE Since 
that time, the Army and other Federal and 
state agencies have been involved in identi- 
fying the cause of the waterfowl mortality. On 
8 February 1990, the Army temporarily sus- 
pended firing into Eagle River Flats due to 
the suspected correlation between explosives 
and duck deaths. In July 1990, a sediment 
sample collected from ERE was suspected of 
containing white phosphorus. By February 
1991, it was concluded that white phospho- 
rus in ERE was the cause of waterfowl mor- 
tality. 

Waterfowl populations, overall, have been 
decreasing continent-wide (U.S. Fish and 
Wildlife Service and Canadian Wildlife Ser- 
vice 1989). Many factors affect their numbers, 
such as the availability of breeding, loafing, 
and feeding habitat. ERF is an important 
spring (April to May) and fall (August to Oc- 
tober) waterfowl feeding and staging area. 
Contamination of waterfowl feeding areas in 
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ERE -with white phosphorus represents a se- 
ñous hazard. From 1993 through 1995, Au- 
gust through October, movement, distribu- 
tion, turnover rate and site-specific exposure 
ofwaterfowl species most susceptible to white 
phosphorus poisoning were determined at 
Eagle River Flats, Fort Richardson, Alaska, at 
the same time that waterfowl hazing was be- 
ing conducted on the Flats (Cummings et al. 
1993, 1994, 1995). Starting in 1996, waterfowl 
hazing was terminated so that baseline data 
on waterfowl movements and mortality un- 
der natural conditions could be collected. In 
addition, an effort was made to increase the 
sample size of mallards used to meet the ob- 
jectives. The target number was a minimum 
of 100 mallards. 

In 1996, 158 ducks were captured on ERE 
using primarily a net-gun from a helicopter. 
Of these, 107 mallards and 29 northern pin- 
tails were fitted with radio transmitters. 
Movements and distribution of mallards in- 
dicated that they spent about 91% of their time 
in Areas A, B, C, and C/D. In addition, mal- 
lards spent about 83% of their time in areas 
that are considered contaminated (A, BT, C, 
C/D, EOD, and RI). The average number of 
days spent on ERE by mallards was 47. The 
average daily turnover rate for waterfowl was 
about 1.4%. The greatest turnover of water- 

a=n=--n ..- ------- _: ---------- -- - 
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fowl occurred from i to 15 October, when 62% 
of the mallards departed ERE. The number of 
mortalities of instrumented mallards using 
ERE from 3 August to 15 October was 37, or 
about 35%. The greatest mortality occurred 
in Area C (35%), Area A (22%), and Areas 
CID añd RI (16%, respectively). 

In 1997, 136 mallards weré captured; 55 
were fitted with standard trausmittets arid 82 

were fitted with mortality transmitters. Mal- 
lard movements and distribution indicate that 
they spént about 88% of their time in areas A, 
B, C, and CID. In addition, mallards spent 
about 69% of their time in areas that are con- 
sidered contaminated (A, BT, C, CID, and RI). 

The average numberof thys.spert on EFF by 
mallards was 42. The average daily turnover 
rate for waterfowl was about 1 .1% . The great- 
est turnover of waterfowl occurred from 7 to 
16 October, when 52% of the mallards de- 
parted ERE Mo±tality of instrumented mal- 
lards that used ERF from 2 August to 22 Oc- 
tober was 35 Of those, 21 were attribtted to 
white phosphoms ingestion We recovered 15 

dudcs, of those seven were analyzed for wMte 
phosphorus. Five were positive for white 
phosphOrus. The mortality model estimated 
thát 6063 individual dabblers used ERF from 
2 August to 22 Octobet Dabblers peaked at 
4398 indMdtials between 9 and lüSeptem- 
ber. Theoverall mortalityon ERF was 240 dab- 
blers. 

In 1998, 4-13 August, 109 mallards were 
captured from random locations on ERF s 

ing a net-gun from a Bell 212 helicopter. Of 
the 109tallards; 60werefiftedth standárd 
traiism±tters and 49 were fitted with mortal- 
ity transmitters. Tracking data indicated that 
transmitters did not appear to inhibit mallard 
movements or activities. .Mallaìd movements 
and distribution indicate that theyspent about 
75% of their time in Aréas A, B, C, and CID. 
In addition, mallards spent about 65% of theft 
time m áreas that are considered contami- 
nated (A, BT, C, C/D, and RI). The average 
daily turnover tate for *aterfowl was about 
1 3%. The greatest turnovet of waterfOwl oc- 
curred from 12-19 August and 13-16 Octo- 
ber, when 24 and 54% of the mallards, respec- 
tively, departed ERR Mortality of instru- 

. mented mallards that used ERF from 4 Au- 
gust to 22 October was 33. Of that, 29 wete 
attributed towhite phosphorusingestion. The 
greatest mortality occurred in Area CID, 12 

of 29 (41%); Area A, 5 of 29 (17%); and Area 
C, 5 of 29 (17%). Overall, these areas ac- 
counted for 82% of the mallard mortality on 
ERE No mallardmortalìty was noted from 
captar handlmg, or the transrmtter. We re- 
covered 13 whole duck bodies from the 29 
white phosphorus mortalities Analysis 
showed ten were positive tôrWR A mortal- 
ity model was developed for ERF to estimate 
the total individual dabblers using ERE, the 
peak number of dabblers using ERE, and the 
total number of duck mortalities on ERE dur- 
mg the fall nugration penod In 1996, 5413 
individual dabblers used ERE from 3 August 
to 16 October. Dabblers peaked at 2333 indi- 
viduals between 13 and 16 September. The 
overall mortality that occurred on ERP was 
655 dabblers. In 1997, 6063 individuals dab- 
blers used ERF from 2 August to 22 October. 
Dabblers peaked at4398 mdividuals between 
9-10 September The overailmortality that oc- 
cúrred on ERE was 240 dabblers. In 1998, 3722 
individual dabblers used ERE from 4 August 
to 22 October. Dabblers peaked at 1583 indi- 
viduals between 27 August and 2 September. 
The overall mortality that occurred on ERF 
was 355 dábblers. 

In 1999, we continued to focus on issues 
outlined under the CERCLA process for ERE. 

The objectives, a outlinecftelow, of this study 
are designed to contribute to remedial deci- 
sions concerning ERE. The objectives for 1999 
were: 

1. Determine the dailyandseasonal.move- 
ments and distribution, turnover and 
mortality rates of mallards using ERE. 

2. Establish baseline data for mallards with 
respect to proposed remediation actions. 

METHODS 

Beginning 4 August 1999, we captured 
mallards from random locations on ERE us- 
ing a net-gun from a Bell 212 helicopter. 
Ducks were individually banded with a U.S. 
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Fish and Wildlife Service band and fi ed with 
a radio transmitter weighing 9.1 g. Each trans- 
mitter was position on the upper back of the 
duck and attached with a Teflon ribbon har- 
ñess (Cummings et al. 1993). Transmitters 
provided daily movement, distribution, and 
mortality data. Each transmitter would emit 
60 pulses per minute when the duck was ac- 
five ¿md 20 pulses per minute when activity 
ceased (mortality). The capture and release lo- 
cation.and date, band number, age, and sex 
were recorded for each bird. 

Mallards were tracked from three strategi- 
cally located fixed telemetry towers on ERF 
(Fig. II-2-l). Each tracking tower was 
equipped with a notebook containing radio 
tracking forms, a directional yagi antenna, a 
compass for determining telemetry bearings, 
and a two-way radio for communications. 
Ducks were located simultaneously from each 
tracking tower. The birds were assumed to be 

near the point where the bearings crossed, and 
each bearing location was entered onto ara- 
dio tracking form. Also, the Cole Point tower 
tracker was radioed the telemetry locations 
for each mallard from the other two tracking 
towers. The data were immediately entered 
into the computer program LOCATE II (Pacer, 
Truro, Nova Scotia, Canada) The program 
imports each telemetry reading from each te- 
lemetry tower and triangulates the location 
of the duck on a m;ap of ERE The program 
uses the length technique, which estimates the 
most likely true location of the duck (Ñams 
1990). Data that had an error polygon of 
greater than 50,000 m2 were not included in 
the data set. The average and median error 
polygon for mallards on ERF during 1999 was 
11,865 m2 and 2878 m2. The data set was trans- 
ferred from LOCATE to EXCEL and mapped 
usingGISARC/INFOorARC/VIEW, orboth. 

Birds were also tracked on foot, from 

T Figure 11-2-1. Geographic information system map depicting Eagle River Flats. 
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hovercraft or helicopter to determine their 
státus Towers could receive radioed birds up 
to 15 km from the Flats. On occasion, helicop- 
ters were usth to track ducks that had de- 
parted the Flats. Areas, such as the Susitrta 
Flats, PalmetHayflats, and ChickalnoniFlats, 
that were up to 90 ici from the Flats were 
checked for transmitted ducks. 

Telemetry locations were determrned daily 
between 0700 to 1000 and 1500 to 2000 dar- 
ing August, September, arid October Birds 
that could not be detected a moving or did 
not move more than loo ifi one day were vi- 
sually located to determine their staths Ev- 
ery effort was made to recover dead ducks tO 

determine thé cause of death. The location of 
each duck was recorded with a Global Posi- 
tionirig System. 

In 1995, ERF was divided mtoten areas rep- 
resenting ites that waterfowl uea for fora g- 
ing and loafing (Fig. II-2-1). Sli*e that time, 
telemetry data hAve been plotted and ana- 
uy zed based on these ten areas The areas were 
synonymous with areas usedby the U S. 

Army to identify specific areas on ERE The 
ten areas are A, B, RI (Racine Island), C, CID, 
D, BT (Bread Truck), EOD, Coastal West, and 
Coastal East. Areas A, RI, C, and BT have 
documented high levels ofwhite phosphorus. 

In 1999, mallard activity in different areas 
of ERE was determined by countmg the numff 
ber of telemefty locations within an area, di- 
vided by the total number of telemetry.loca- 
tions for that bird, and expressing it as a 

percentage. These data were used to address 
concerns about the relative risk to mallards 
and to establish basélinedata withrespect to 
proposed remediation actions 

The daily turnover rate of instrumented 
mallards on ERE sas determined by divid- 
ing the number of radio-instrumented mal- 
lards that departed ERE each dayby the tötal 
mallards instrumented The daily turnover 
rate was used to determine the relative white 
phosphorus risk to birds using ERE 

Mallard Mortality and the location of that 
mortality was 'determined by telemetry. The 
mortality rate was detern'iined by dividing the 
number of mallard mortalities by the total 
number of mallards captured and radioed. A 

mortahtymodei developed for ERE uses duck 
census data (W Eldridge, 1999, uñjnibuished 
data) and telemetry, turnover, and mortalìty 
data from 1999 to determine the number of 
dabblers using ERE, peak number of dabblers, 
and the projected mortality (Cummings et aL 

1995) The model adjusts for turnover and 
shows the number of dabblers by duck cen- 
sus periods The total number of individual 
dabblers using ERE is calculated by totàling 
the positive increases in dabblers by survey 
period, i.e., periodi = 370 dabblers, period 2 

= 650 dabblers, and period S = 363 dabblers. 
The total for these periods would be 370 + 280 

+ O = 650 The peak dabblers is determined 
by the period having the greatestnumber of 
dabblèrs during that period. 

The model formula is: 

A1= 
À2 

(D/R)-1 . 
R 

A3 = actual number of dabblers using ERF 

112= number of dabblers surveyed 
D = number of dabblers departing ERE 
M = projected number of dabbler mortali- 

ties on ERE 
M1 = number of radioed duck mortalities 

R number of radioed ducks. 

RESULTS 

Frorn4I8August 1999, 116 mallards were 
captured from random locations on ERF 
using a net-gun from a Bell 212 helicopter 
(Table II-2- 1) . We used 36 hours of helicopter 
thEe to capture the mallards. The best cap- 
hire rate was 9 mallards in i hour. Each mal- 
lard was tagged per its capture site, trans- 
ported to a holding site on ERE, banded and 
fitted with a 9.1 g backpack transmitter, held 
for 24 hours to assess its condition, and re- 
leased at its capture site. All 116 mallards were 
fitted *ith standard/mortality transmitters 
that emit about 60 pulses per minute when 
the duck is alive and 120 pulses per minute 
when the duck dies. The movement of instru- 
mented mallards following release indicated 
that transmitters did not appear to inhibit 
movements or activities. Observations indi- 
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L Table H-2-1. Radio transmitters fitted to mal- 
lards since 1996 on Eagle River Flats, Fort 
Richardson, Alaska 

Year Total 

1999 116 

1998 109 

1997 136 -. 

1996 107 

cated that the behavior of instrumented mal- 
lards did not differ from that of other ducks 
in its associated flock. Qn some occasions; in- 
strumented birds were observed leading 
ffights of ducks. 

The GIS system produced two types of 
maps for each mallard. The first map (n = 104) 
showed mallard telemetry points from Au- 
gust 4 to October 14 (Fig. 11-2-2actual ex- 
!ample). The second map (n = 24) depicts the 
last 5to lO telemetry locations of mallards that 
died from sdtite p}tosphoriis (Fig. II-2-3---ac- 
tuaI example). These maps (n = 128) were use- 
ful in determining a general areawhere mal- 
lards could have been exposed to white 
phosphorus. Exact locations and, on occasion, 
even the general lOcation of where the duck 
might have ingested white phosphorus were 
difficult to discern because the death of a duck 
occurred on the weekend when personnel did 
not work. 

Figure 11-2-2. Example òf a GIS map of radio telemetry results on Eagle Riser 
Flats showing the movement pattrns of a mallard from 7August to 14 Octo- 
ber 1999: Stars represent movements from 7August to 20 September (pump- 
ing) and! circles represent movements from 21 September to 14 October (no 
pumping): One symbol may represent several telemetry locations. 

- 
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Figure 11-2-3 Example of a GIS map depzchng radio telemetTy results of a 

mallard that diedfrom ingesting white phosphorus Numbered dots represent 

movements prior to death C is the capture locatioh, Tis the locatwn at which 

the transmftter went into mortality mode, and R is where the carcass was re- 

covered. 

Mallard (n = 104) movements and distri- 
bubon on ERE durmg the fall mdicated that 
they spent the majority (82%) of their time 
from 4 August to 14 October m Areas A, B, C, 

and C/D (Fig H-2-4) In addition, mallards 
spent about 61% of their Urne in areas that are 

considered to be contaminated (A, DT. C, 

C /D, and RI) Of the 4848 telemetry locations, 
182 were in the Racine quadrant, 1544 were 
in the A quadrant. 77 werè ii tfr DT quad- 
rant, 418 were in the C quadralit, and 715 in 
the C/I) quadrànf. Mallards were only lo- 
cated 14 of 182tirìes in the actualEacine Pond 
and 17 of 77 times in the actual Bread Truck 

Foñd. Several mallards were documented 
moving to. various locations near ERE, such 

as Gwen, Otter, and Six Mile Lakes, Palmer 
Hay Flats, Susitna Flats and the Anchorage 
Bówl. 

Mallard use ofAreaAdecreased about 30% 

from 1996 to 1999 (Fig. II-2-4). The usé of Ar- 
eas B and C/D by mallards increased 15 and 
6%, respectively, during this same period. Use 

of all other areas on ERE remained about the 
same from 1996 to 1999 (Fig. H-2-4). 

To evaluate the effects of pumping on mal- 
lards, we compared mallard movements and 
distribution during (pnor to 9/21) and follow- 
ing (9/2 to 10/14) pond pumping in 1999 

(Fig. f-2-5). Pumps wereplaced in Areas A, 
C, .aid C/D. Pumping systems were able to 
drain ponded areas of most watet However, 
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A B BT.0 C/DCE CW P EOD Rl 

Area 
Figure 11-2-4 Distribution of radioed mallards on Eagle River Flats during 
August, September, and October, 1996 to 1999 

on occasion, waterfowl were attracted to mg pumpmg The area that is being affected 
standmg water that was retained n these ar- by pumps in Areas A, C, and C/D is minimal 
eas by low spots or depressions Overall use compared to the availability of overall water- 
of Areas A and C was reduced about 6 and fowl habitat on the Flats 
10% during pumping, respectively However, The average and mediati number of days 
the use of Area C/D increased about 4% dur- mallards (n = 104) spent on ERF was 33 The 
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Figure II-2-5. Distribution of mallards relative to pond pumping on Eagle River Flats before 

21 September and from 21 September to 14 October1999, 
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Table 11-2-2. Mortality model for Eagle River Flats, 4 August to 20 October 1999. 

Date 

Radioed 
mallards 

(no.) 

Turnover 
(no.) 

Mortality 
(no.) 

Aerial 
counts 
(no.) 

Llnknou'n 
dabblers 

(no.) 

Total 
dabbl cts 

(no.) 

Adjusted for 
turnover 

(ño.) 

Projected 
mortality 

(no.) 

8/4-8/20 116 23 2 251 45 296 370 6 

8/21-8/24 93 7 1 435 166 601 650 7 

8/25-8/30 86 13 5 253 55 308 3ë3 21 

8/31-9/3 73 7 2 289 0 289 320 9 

9/4-9/8 66 7 2 117 27 144 161 5 

9/9-9/14 59 6 2 206 86 292 325 11 

9/15-9/16 53 8 2 177 100 277 326 12 

9/17-9/20 45 9 3 145 245 390 488 33 

9/21-9/28 36 8 4 497 63 560 721 80 

9/29-10/4 28 0 1 250 155 405 405 14 

10/5-10/7 28 1 0 256 34 290 301 0 

10/8-10/13 2 13 G 220 0 220 425 0 

10/14-10/20 14 0 0 37 0 37 37 0 

Total 116 102 24 ¿133 976 4109 4892 198 

range was frcrn1-69 days. At the conclusion 
of the study, 14 October, 14 mallards remained 
on ERE These birds were using the Ea1e 
River and someopenwater mAreas B, C/D, 
an4 D. The average daily turnover rate for 
mallards was about 1 3% The greatest turn- 
over of mallards occurred from 4 to 20 Au- 
gust, 25 to 30 Aigust, and 8 to 13 Octobei, 
whereas 49 (42%) of the mallards departed 
ERF dùring these time pèriods (TableJII-2-) 

Of the radioed instrumented mallards that 
used ERE from 4August to 14 October,34 died 
(Table H-2-3).. Of thos mallards, 24(71%) were 
attribùted to white phosphorus, 3 were shot 
by hunters, i was tangled in its harness, 3 

were predated, and 3 were unknown mortali- 
ties (Table II-2-4). Mallards that were found 
dead on ERE had used the Flats from i to 56 
days. The average exposure before mortality 
was 23 days. Mortality occuned in Areas C/fl, 

Table H-2-3. Mallard mortalities from white 
phosphorus (WP) during August, Septem- 
ber, and October on Eagle River Fiats. 

wP 
Cap±ured M.oetalilies Moxt4itìs 

Year (no.) (no.) (no.) 

6,of 24 .(25%); A, of 24 (38%); C, 6 of 24 

(25%); BT, 1 of 24 (t%); B, .1 of 24 (4%) 

(Fig. Ih2-6. TI-2-7) Additional dead ducks not 
instrumented with a radio transmitter were 
also recovered from these areas. No mallards 
were found dead in the drained portion of 
Racine Island. No mallàrd mortality was 
noted from apture or hàndlthg but one mal- 
lard got its leg tangldd in the harness. Mal- 
lards mortalities varied by year (Fig. II-2-7). 
Werecovered ii whole duck bodies from the 
24 white phos3homs mortalities. Analysis 
showed all11 were positive for white phos- 
phorus (Tables II-2-3, II-2-6). White phospho- 
rus levels in a mallard collected from Area A 
was 0.633 g/g; 6 mallards collected from area 
C were x = 311 j.tg/g (ringe: 0225to 1,170 .tg/ 
g); ten malards collected from Area C/fl were 
x = 791 J.'g/g, (range: 004to 3,210 g/g; one 
was ND); one mallardS collected from the 

Table II-2-4. Mallards recovered from Eagle 
lbver Flats and believed to have died from 
teasons other than white phosphorus, 1996 
to 1999. 

Attachment 
Year Hunttng Predated thethod Unknown Total 

1999 116 34 24 1999 3 3 1 3 10 

1998 109 36 29 1998 6 0 0 1 7 

1997 136 34 21 1997 8 2 3 0 13 

1996 107 44 39 1996 1 3 1 0 5 
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Figure 11-2-6. Mallard mortality locatians on EzEgle River Flats in 1999. 

AquaBlok pen was 0.51 'g/g; and one mal- 
lard collected in area D was 10 Rg/ (Fis. H- 
2-8). In addition, of five mallards collected 
from Area B, two had WP levels of 0.0013 and 
0.6 xg/g, respectively 

A mortality modçl was developed for ERE 
to estimate the total individual number of 
dabblers using ERE, the peak number of dab- 
blers using ERE, and the total number of dab- 
blers mortalities on ERE during the fall mi- 
gration period. We used the number of 
radioed mallards, the aerial census counts of 
waterfowl on ERE, and the number of mal- 
lard mortalities on ERF in the mortality 
model. Tn 1996,5413 individual dabblers used 
ERE from 3 August to 16 October. Dabblers 
peaked at 2333 individuals between 13T-16 

September. The overall mortality that oc- 
curred on ERE waS 655 dabblers. In 1997,6063 

4.', 

individual dabblers used ERE from 2August 
to 22 October. Dabblers peaked at 4398 indi- 
viduals between 9 and 10 September. The 
overall mortality that occurred on ERE was 
240 dabblers. In 1998, 3772 individual dab- 
blers used ERE from 4August to 22 October 
Dabblers peaked at 1583 individuals betweeñ 
27August and 2 September. The overall mor- 
tality that occurred on ERE was 355 dabblers. 
In 1999, 1334 individual dabblers used ERE 
from 4 August to 14 October (Table II-2-2). 
There were two small peaks of dabblers on 
ERE: 650 between 21 and 24 August and 721 
between 21 and 28 September. The overall 
mortality that occurred on ERE was 198 dab- 
blers. These data represent a minimum num- 
ber of mortalities on ERF during the fall mi- 
gration period. Mallard mortality during the 
spring migration has been estimated at about 
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Area 

Figuie IJ27. Distribution of mallard mortalities on Eagle River Flats during 
August, September, and October, 1996-1999. 

50% of the fall imgration period (Cummings 
el aI 1994, 1995, 1996) Thus, overall mortal- 
ity for 1996 was 983 dabblers1 

for 1997 was 
360 dabblers, for 1998 was 532 dbb1ers and 
1999 was 297 dabblers Overall waterfowl 
mortality in the fall has dècreased about 7O% 

from 1996 to 1999. Mortality of transmittered 
mallards has decreased about 40% from 1996 
to 1999 The decrease is attributed to remedi- 
ation actions such as pumping, draining, and 
aqua-blok. 

Table II-2-3 Mallards recovered from Eagle 
River Flats and tested for white phospho- 
rus, 1996 to 1999. 

Mortahtzes Positwe 
Tegr '(nb.) - (,w.) tío:,l 

1999 24 11 11 

1498 29 13e 10 

'1997 21 "10b 5 

-19W 39 8 

aThree mallards <MLOL) (0014 g). 
bTwo mallards daOfl(onevias<0.003 gg/g and one was 
<0013 pg). I :.- - 

cOne.rnallard captured in 1996 died in-1998, but is included 
in the 1996 data. 

DISCUSSION 

Tn 1996, 1997,1998, and 1999 mallards were 
selected as the indicator species to measure 
the effects. of any treatability studies or 
remédation actions onERF. The 1996, 1997, 
1998, and 1999 sample sizes of 107, 136, 109, 
and 11, respectively, radioed mallards were 
large enough to establish a baseline that fu- 
ture changes m mallard movements, distn- 
bution, turnover, and Mortality can be de- 

Table ll-Z'6;Unbanded äñdnòn-radiotrans- 
imttered waterfowl collected from 4 August 
to 14 October 1999 and analyzed for 'white 
p1ìophorus on Eagle River Flats, Fori' 
Richardson, AlaskL 

Carcasses collected . WE 
Site (no.) 

B I 'Mallard ' '0.60 
C '. 2 Mallards 0.92;'1,170 
C/D 4 Mallards 0.04; 0.35; 1.34; 61.6 
D 1 Mallard 974 
Aqualliok Pen 1 Mallard 0.5? 

ame test tube broke during centrifugation and sorne of the 
sample was lost. The actual concentration was probably higaer 
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3,110 to 3210 ug/g 

Figure 11-2-8. Mallard mortality locations by white phosphorus concentration on Eagle 
River Flats in.1999. 

tected with confidence. 
Mallards highly preferred Area A in 1999, 

followed by Areas B, CID, and C. These were 
the same areas that mallards preferred in 1996, 
1997, and 1998. If 1996 can be considered a 
true baseline year, then the remediation ac- 
tions on the Flats are probably having an ef- 
fect on mallard distribution and mortality. 
There has been an increase in the use of 
Areas B and CID and decrease in the use of 
Area A. However, with the increase in 
remediation actions, ducks are distributing 
more into potentially contaniinated areas. Wa- 

J - ;* 

PAI 

terfowl mortality tends to support this sce- 
nario by which mortality decreased signifi- 
cantly between 1996 and 1997 when Racine 
Island and Breadtrucic were drained. Since 
then overall mortality has only fluctuated 5% 
among years, suggesting the exposure rate 
has leveled off until there is more remediation 
or remediated areas are returned to waterfowl 
habitat. 

The average number of days mallards spent 
on ERE was 40th 1995,47 in 1996,42 in 1997, 
48 in 1998, and 55 in 1999. Weather is a factor 
that affects the length of time mallards spend 

4-,, 
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on the Flats. In 1995 and 1997, pond areas 
started freezing in the later prt. of Septem- 
ber, which caused ducks to 1ave ERF for Open 
watet In many cases ducks will move to the 
river until ice flows eliminate fpragmg oppor- 
tunities. 

Mallard mcirtalitywas 36% in 1996, 15% an 
1997, 27% in 1998, and 20% in 1999 The mor- 
tality model predicted 655 duck môrtalities 
in the fall migration period n 1996, 240m 
1997, 355 in 1998, and 198 in 1999 Overall 
mortality has decreased since 1996, which can 
be attributed to reinediation actions 

The mortality model for ERF is a more ac- 
curate predictor of the actualnumbers of 
ducks that die from white phosphorus 
ingestions than trymg to extrapolating the 
percentage of telemetry mortalities to the ERF 
duck population. The model combines all the 
data from telemetry ducks, which mcludes 
numbers, mortality. and turnover, and the 
aerial census to predict the actual number of 
ducks that die from white phosphorus inges- 
lion. The advantage of the model is thatit uses 
the above factors tó project the mortality each 
day, week, or month; whereas by trying to 
extrapolate the percent mortality from telem- 
etry ducks to the ERF ducc population, a 
prOblem is encountered such thatthis percent- 
age represents what has occurred over the 
entire period and does not take into account 
when ducks use the Flats, the exact number 
of individual ducks using the Flats, and the 
turnover rates. 

RECOMMENDATIONS 

Assessment endpoints 
The biological assSthnent endp oint for ERF 

is the reduction in waterfowl mortality To 
measure this endpoint, we suggest that mal- 
lards continue to be used as the indicator spe- 
cies for ERE and telemetry be used to morn- 
toì thefractivitia. Showing a sigmficartt effect 
will depend on havmg a sample size that ex- 
ceeds 100 thallards captured in a relatively 
short period of time. In addition, a board 
evaluation of factors affecting i1emediation 
actions can be achieved by thnVerting all 

transimtters to a combination of standard and 
mortality signals. 

Of importance is being able to determine if 
remediation actions reduce mortality Because 
waterfowl use the entire ERE, remediation of 
one area doesn't necessarily mean that mor- 
tality will decrease. Waterfowl might redis- 
tribute tO other sites. It has been shown. that 
telemetry can account for factors affecting 
mortality, whereas transects, which are tied 
to a specific ponded site, cannot. It is recom- 
mended that we continue td integrate telem- 
etry data into the risk assessment process, that 
future remediation actions be assessed with 
telemetry birds, and that mortality on ERE be 
assessed byinstrumenting more than 100 wa- 
terfowl with mortality transmitters. 

Use of telemetry 
Telemetry dpes the following: 

Reduces human exposure to UXO's. 
Supports measuring the assessmentend- 
points with relatively good confidence 
limits. 

REFERENCES 

Cummings, J.L., et al. (1993) U.S. Army Eagle 
Rivèr Flats: Protecting waterfowl from ingest- 
ing white phosphorus. Nat. Wildl. Res. Ctr. 
Final Report 94-1. 

Cummings; j.L., et al. (1994) Us Army Eagle 
River Flats: Protecting waterfowl from ingest- 
ing white phosphorus. Nat. Wildl. Res. 
Final Report 94-2. 

Cûmmings, J.L., et al. (1995) U S Army Eagie 
River Flats: Protecting waterfowl from ingest- 
ing white phosphorus. Nat. Wildl. Res. Ctr. 
Final R?port 95-1. 

Cummings, J.L., et al. (1996) U.S. Army Eagle 
River Flats: Protecting waterfowl ftom ingest- 
ing white phosphorus. Nat. Wildl. Res. Ctr. 
Final Report 96-1. 

Cummings,JL et al. (199?) U.S. Army Eagle 
River Flats: Protecting waterfówl from ingest- 

I 

i 

U 

I 

Z9 

s 

ci 

R 
I 
j 

L 

Jn 

U 

ci 



L II-2. 1999 MOVEMENTS, DISTRÏBUTION AND RISK 31 T.. : ... 
: . 

L Ing white phosphorus. Nat WildI. Res. Ctr. Ing white phosphorus. Nat. Wildi. Res. Ctr. 
Fthal Report 97-1 . Final Report 98-1 . 

i 
Cummings, J.L., et al. (1998) U.S. Army Eagle Nains, V.0. (1990) LOCATE II user's guide. 
River Flats: Protecting waterfowl from ingest- Pacer pubi. 

L 

r 

r- 

r- 

r- 

n- 

r- 

L,. 

i 

i 

r 



-- - - L 

III-l. REMOTE PUMPING SYSTEMS 33 

L 

T III-l. Eagle River Flats Pond Pumping Remediation 
L Project: First-Year Deployment under the 

Record of Decision 

Michael R Walsh, and Charles M Collins 
L U.S. Army Engineer Research -and Development Center, Cold- -Regions 

Research and Engineering Laboratory Hanover, NH 

= 

INTRODUCTION 

Eagle River Flats has been -the subject of 
far-reathing research over the past 10 years. 
The discovery of extensive waterfowl mortal- 
ity in the Flats in the mid-1980s led to initial 
investigations into the magriltude and pos- 
sible causes of the problemi With the deter- 
initiation that the dieroffs were - restricted to 
the Flats, more intensive -studies were.begun 

- in 1989. After an extensive remedial investi- 
galion that determined the cause of the die- 
offswhite phosphorus (WP)the effect of 
WP on native flora and fauna, the extent of 
contamination, and the interaction of the 
physical environment at the Flats with the per- 
sistence of the contaminant, feasibility stud- 
ies were begun to examine alternative meth- 
ods of remediation. One alternative ander 
consideration was tè pump water oat of per- 
manently ponded areas, thus allowing the 
saturated sediments to desaturate and warm. 
This process, according to a theory advanced 
by Mi. Walsh (M.E. Walsh et al. 1995), may 
enhance the process of natural attenuation 
observed in the intermittently ponded areas 
bordering the permanent ponds. In 1997, a 
system was set up in a large, representative 
pond and run throughout the summer. Re- 
sults were much better than predicted, with 
an SS% decrease in WP concentration, thus 
verifying the theory of enhanced natural at- 
tenuation by pumping (MR. Walsh et al. 
1999). The method also proved to be a fea- 
sible remediation method for a single, easily 
accessible pond. 

The next step m the regulatory process ws 
a treatabthty study, hich entails the devel- 
opment of -the methods and tecfr'òlogy. for 
deploying multiple systems throughout Eagle 
River Flats A total of six sites were chosen, 
two near the edge of the Flats and easily ac- 
cessible, one away from-shoe but still -easiy 
accessible, and three across the Eagle River in 
an area accessible only byhelicopteror a long 
walk Again, the results were quite positive 
The uccess of these studies led the 
Remediation Project Managers tO recommend 
pond pumping with the application of a fill 
material for untreatable areas as the preferred 
remediation method mt e Record of Decision 
(ROD), signed in September of 1998. With the 
signing of the ROD, the cleanup project at 
Eagle River Flats shifts into the remediation 
phase. This year marks the first year of 
remediation under the ROD. This report cov- 
ers the pond pumping remediation work 
done over the course of the -1999 ERF field 
season. 

DEPLOYMENT 

In 1999, we planned to again deploy six 
pump systems. In Area C, the pumps were 
deployed in the same ponds as in 1998: the 
189-L/s (3000-gpm) pump in Pond 146, the 
63-Lis (1000-gpm) pump in Pond 155, and a 
12-6-Lis (2000-gpm) system in Pond 183. In 
Area A, only two systems were deployed this 
year. Ponds 256 and 258 would again have 
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126-L/s systems. but no pump would be de- 
plöyed in Pond 290. The results of sampling 
at the end of last fall indicated no white phs- 
phorus contamination in Pond 290 (M.E 
Walsh et al. 1999). The l26L/ws unit that ias 
freed up was deplòyed in a new location, 
Pond 730 in Area C/D (T-Pond), due east of 

. Bread Truck Pond. Table III-l-1 depicts the 
pump system locations for 1999. 

Prior to deployment of the pump systems, 
some additional site preparation work needed 
to be carried out- A shallow sump was blown 
in Pond 146 (Fig. III-1-1) for Pump 3, the 189- 
Lis tandem pump unit (Fit. 111-1-2). Last year, 
when this pumpwas imtiafly deployed; itwas 
set n bottom of the old dredge charnel that 
was excavatdd n 1996 This proved unsatis- 
factory, as the shallow channel quickly emp- 
tied during puthping, causing excessive cy- 
cling of the pump ystem. A deeper sump 
than the dredge channel. was needed to in- 
cease the effidiencyof the pumping To cre- 
até the sump n the bottom of the channel, fòur 
shaped thares, followed by four cratering 
charges; were employed instead of the nor- 
mal two and two owing to the larga size of 
the pump unit Bangalore torpedoes were 
then used to breach -the newly creatèd crater 
rim and treate access channels to the sump. 

A sump was also blown in Pond 730 (TPond) 
in Area C/D: a standard two-charge sump, 
with access created with Bangalores 

The discharge line was deployed next The 
pipe was flown out on a commercial Bell 212 
helicopter from ERA Deployment took about 
a day and a half, with each of the discharge 
lines reqiiring less than 2 hours to deploy and 
assembIe. To expedite ttansport, a load chad! 

was formulated prior to the opçration. 
Chnges were radoed from the field to the 
EOD Pad while the helièopter wasfravelling 
back to the pad. The pipes were carried 
through the open doors of the helicopter. A 
crew of four on the EOD Pad and six in the 
field worked well, although an additional 
persòn m the field would have worked bet- 
ter.The EOD Pad crew loaded the pipe 
through the open doors of thehelicopter. The 
pipe was loaded so that their coimèctor ends 
would be facing the proper- direction when 
they were unloaded in the field. Depending 
on the size pipe, eight to ten Of the sections 
were loaded on each hip (cross section of the 
pipe and load stability were the limiting fac- 
tori for load size, not weight). The line was 
assembledas the pipe was unloaded from the 
helicopter. -The helicopter progressively un- 
loaded pipe along the right-of-way as the line 

Table III-1-1. Pump system locations for 1999 season. 

System Location 

Pump 
capacity 

(Lis) 

Genset 
frei capacity 

(L) 

Auxilian3 
frei capacity 

(L) 

1 AreaA 126 940 1100* 

?ondl83 ! 

2 Area C/P 226 1020 1390 
Pond 730 

3 AreaC 63/126/139 1890 1890 
P&id 146 

4 AreaA 126 1320 ltOO 
Pond253 

5 ArenA 126 2320 . 180. 
- Pond2Sô 

6 Area C 63 1020 1100 
- Pond 155 

* Auxiliary fuel tank for S: ystém Imoved to Pond 730 in August. 
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Figure 1114-1. Map of Eagle River Flats. 
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- was assembled, limiting the distance the pipe : 

had to be carned by hand Discharge points - were located at least 20 m from gully 
- headwalls to reduce the erosion caused by the 

flow from the pipe Where possible, the dis- - charge end was located in the gully to further 
reduce erosion. i 

p-, 
- 

H Following the deployment of the discharge 
t 

t 
r 

: 

L line, the pump, systems and fuel tanks were 
flown into position. We started in Area A, as . wt ' - 
this is the most difficult area to access. We then 

.-. worked our way towards the EOD Pad. Al- 
though we had problems with incorrect rig- g. 

T ging and missing personnel at the start of the 
: 

- operation, we deployed almost everything on 
. . 

2 I -. '-- 
the first day. This year, every system had a t' R 

T double-walled fuel tank, so the number of 
L trips required by the AKANG TJH-60L 

Blacichawk helicopter was increased to 16, . r including the deployment of C-Towerin Pond 
L 183 The following day, the fmal system com- 

ponents were flown to their sites, and fuel was 
transferred from the auxiliary tanks The atx- Figure 111-1-2 Blasting of sump for Pond 146 

- 
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iliary tanks were then refueled and rdturned 
to the field. At least i day between initial de- 
ployment and refueling should be scheduled 
next year, as this operation was very difficult 
to do on the same daj,' 

Over the next 2 days, the final assem8ly of 
the systems was completed, and by 27 May, 

all systems weré operational. 4t this tíin'e, 

work began on reinforcing the tide. gate n È- 

Gully (Mea C) and on installing tide gates in 
Area A. We hoped to stop higher tides from 
flooding Area C by using gand bags to extend 
the wing walls off the gate m B-Gully' (Fig 

1114-3). We also startedditthmg around Pond 
730, connecting low points and increasing the 
efficiency of water flow into the sümp On 28 

May, Ponds 155, 183, and 258 had draüned, 
and very little water was flowing into the. 
sumps. Ponds 256 and 730 still had sub- 
stantial amounts of *ater flowing in and 
Pond 146 was receivmg water from the bea- 
ver channel along the east side of the Flats, 
although only the old dredge chthñnèl still 
held water. 

Ori 2 June, the Blackhawk returned and we 

reMeled the field units. The fiéld data stations 
for the monitoring effort were brought out 
and we started installing them. At this time, 
the pump controls were rewired to prevent 
the systems from malfunctioning when the 
low wàtér float switch became lodged in the 
down position. All units were rewired and 
tested by 7 Jurie. The operation and mainte- 
nance ¿ thesysteips was turned over to Terry 

Edwards of Weldin Construction, Inc., at this 
time 

During the spring deployment, the meteo- 
rological station was once again installed off 

the EOD p:ad. With the loss of the person who 
originall set up the data transfer system to 

the web at CRREL, bringing the system "on 
line" took much longer than expected, al- 
though data were available through an ftp site 
as well as tored on the data station storage 
module Aweb-based video monitoring sys- 

tem, designed and built over the spring, was 
installed on C-Töwer and tested (Fig. III-1-4). 

Conimumcation for the video system is based 
on a cell phone link, and the Flats are in what 
is termed a gray area. The system intermit- 
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Figure 111-1 -3. Tide gute in B-Gully, Pond 183, during flooding tide. 
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Figure 111-1-4. Experimental web camera installation on C-Tower. 
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tently sent images back to Hanòver, hit was r too unreliable to be of much use. 

r, 
IMPLEMENTATION 

Tidal predictions for the summer of 1999 
indicated that flooding tides would be occur- 
rthg at the Flats for every month of the sea- 
son (Table III-l-2). There was nothing we 
could do about the tides in June, but we hoped 
to contain some of the tides ix July, August, 

L. and early September usingtide gates installed 
at the heads of tidal gullies. With four new rtide gates in Area A. and the four beefed up 
gates in Area C, we felt that the effects of the 
floodinS tides could be mininiized. 

As predicted, there was widespread flood- 
L ing in June with the 9.91-m tides (9.48 mjs 

considered the threshold flooding tide level). 
The pumps quickly drained' the area follow- 
ing the recession' of the last flooding tide on 
16 junè (912 m), and there was substantial 
drying over the next 31/2 weeks (see 'M.E. 

,. . 

Walsh et al., this volume). In July, the river, 
the winds, and the weather all cooperated, 
and the tide gates kept out all the flooding 
tides for that period, including a 9 . 75-m tide 
on 14 July In August, heavy rains swelled the 
Eagle River and caused minor flooding in 
Area C from the Bread Thick Pond (109) di- 
rection on 12 August, but no flooding was 
evident in Area A. The early September flood- 
ing tides (<9.57 m) were easil handled by the 
gates. The result was a very good season with 
respect to flooding tides, with only one mi- 
nor partial flooding event over the course of 
103 contiguous days, 91 of which occurred 
during the.core drying period of 15 May to 15 
September. This compares quite favorably 
with the predicte.d maximum contiguous span 
of only 28 days. In tdtal, from start up on 27 
May to completion on 27 Septemb.er,'the Flats 
were drained for 117 days out of a total of 123, 
105 of which occurred during the core period. 
However, avery wet summer prevented 
much drying after mid-July (see Çolins,.,this. 
volume) 
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Table III-l-2. lredicted flooding tides for 1999 season. 

} Hezght Height 

{ 

Tune (rn) Time litO 

May14 0558 9.63 

H 15 0639 9.94 1923 954 

16 0720 10.13 0l1 9.60 

17 08b4 1013 2059 934 

18 0850 9.63 

19 0938 9.51 

-June12 0527 954 
13 0614 78 

14 0700 994 
H 15 0747 991 

16 0835 9.72 

July12 0558 954 
13 0647 9.69 

14 0735 9.72 

15 0823 93 
August 11 0639 954 

12 0724 966 
13 0808 960 

September10 0810 954 
11 0851 954 
25 0552 9.51 1920 9.57 

26 0734 9.69 1953 9.75 

27 0816 9.72 2028 9.85 

28 0900 9.57 2105 9.85 

29 2145 969 

otes l're season Anchorage tidal predictions Add 1/2 hour for ERE tides 

ERF tidal classifications 9 48 to 9 54-m tides minor / preventable 9 55 to 

9 63-m tides, substantiai/thay be preventable; >9.63-m tides, mor/ 
unpreventable 

This yeár was the first of a formál opera- 
lion and maintenancé (O&M) agreemeñt with 
an outide contractng finn, Weldm Construd- 
tion, Inc Ali pump systems were checked 
three times a week, along with the non-auto- 
mated nionitoring señsors located at the in- 
strumentation stations in the treated ponds 
Mote system functions were checked thanm 
the past, as well Cell phone 
were emplôyed to troubleshoot atid repan 
faulty equment m the field, thus greatly in- 
creasingthé time all the systems were on hite. 

The only times the! systems were down wére 
during short periods in June and July when 
the gensets were shut downtoconer9e -fuèl 

in anticipation of flooding tides. The excep- 

tionwas system 2 in Pond 730, which-will be 
discussed-later. 

Because of the blocking Of the flooding 
tides by the tide gatès, the systems needed 
refueling much 1ess frequently than we had 
planned. After the final refueling of the sys- 
tenis durhg the initial clepkyment phase On 

2 June, refueling was not tiecessary again un- 
til 30 June, following the flooding tides of late 
June, and thennot again until 18August Only 
the systeirs in Ponds 256 and 730 required 
refuelmg, Pond 730:because of influx from the 
Bread Truck Pond'ditcli and Pond 256 because 
of infiltration from the west side of Area A. 

This cut in half the requirement f or the 
Blàckhawk for fueling. 

j 
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[ Table III-1-3 Pump operation statistics for 1999 season 

System System Total Total Total Pump to Fuel 

t I 
start stop genset pump pump genset. Fuel use use rate 

t System date date hours Iwurs cycles his ra'lo (Est)(L) (L/hr)* 

i 26 My 21 Sept 9 49 N/A 1.8 i,290 14.5/26.3: 

2 27 May 21 Sept 780 316 N/A 2.5 9,730 12.5/30.8 

TT 3 2IMay 23Sept 637 284 2669 22 1OOO 173/387 j . . 

83 200 
! 

r_1 
4 26May 21 Spt 179 116 442 1.5 2,540 14.2/21.9 

LJ 5 27May . 21Sept 533 351 L571 1.5 6,930 13.0/19.7 

r 6 26May 21Sept 174 100 204 17 2160 124/216 

*Fuel consumption rates Rate based on genset hours/rate based on pump hours Cycle counter on system 6 non 
functional until 30 June. System 3 häs t'ó pumps. 63s and 126-L! s. The 63-L!s pump always ran with the 126- 

n: 
L/s pump. Fuel use estimates based on Weldin and CRREL data. 

... H 

r 

E Statistics from the system momtorng read- RETROGRADE 

L! outs and 0kM observations givea good in- 
dication of the active remediation process at Refueling of the systems in September was 

r the Flats (Table III-1-3). Systems 2, 3, and5 all planned to minimize the on-board fuelload 
ran frequently Cyclmg of systems 2 and 3 is of the gensets All units except genset 6 have 

i indicated by the high ratio of genset hours to a maximum fuel capacity of 250 L (15-cm fuel 
-, pump hours, reflecting short pump times depth in each tank) for retrograde because of 

along with frequent warm-up and cool-down the lift limitations of the Blackhawk Genset 6 
- cycles This is mdicative of a shallow sump, cart carry up to 790 L (48 cm) and stillbe un- 

,-.. 
which quickly fills and is drained by the der the4100-kg lift limit. A 12-VDC portable 

I pump Both sumps were thus scheduled to pump was purchased for the retrograde op- 
- be deepened by reblastthg during the fall dut- eration to pump fuel from the genset tardcs 

- ing retrograde operations. into their respective auxiliary tanks to allQw 
Operating time for system 2 really shows airliftirtg of the gensets. This eliminated the 

.-. the susceptibility of Pond 730 to floodint. necessity of running the gensets under no load 
mentioned above,. Terry Edwards from to burn off fueL which is harmful to them. 

E Weldin tumedthe system off during periods Retrograde of the dischargeJine took place 
La of high tides during the latter half of the field over the course of two days. In preparation, 

seasòn, as this area was affected by every the gensets were shut down (with the excep- 

p, 
flooding tide of the season and by some tides lion of system 3), and the pipe was discon- 

L not normally considered flooding. As a con- nected and piled in lift quantities of eight to 
sequence, there was some minor flooding in ten pieces, depending on size. With the pipe 
mid-August h Area C, but heavy rains dur- in place, two crews were deplioyed and the 
mg that period negated any deleterious effects pipe was flown back to the marshalling yard 
that would have been caused by that flood- on the EOD Pad System 3 was left operahorial 
ing to prevent floodmg mArea C from the mflow 

am- --------------------- ,. - .. 
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of the beaver charnel and to allow dra' age 
of the Pond 146 sump prior to deepening. 

The retrograde of the heavy equipment 
was conducted simultaneously with year-end 
excavations with explosives This was done 
to nunumze the amount of water present dur- 
Ing excavation. Excess water limits access for 
the Engineers arid decreases the effectiveness 
of the explosives, resulting in shallow holes, 
a problem we encountered in the spring with 
the sumps in Ponds 146 d 730. Operations 
were conducted first on the east side of the 
rivet All equipment was removed, the pump 
in Pond 146 being the lastto be airlifted after 
the inlet channel to the sump was sand- 
baged.Thç sump was then deçpened sub- 
stanlially using four shaped charges, followed 
by four cratering charges. Several Bangalores 
were then used to: breath the crater and ex 
pand the sump. The following day, the final 
pieces of equipment were removed from Areá 
A, and additional explosive ditching was 
done in Pond 258 using detonation cord. Fi- 
nally, the sump in Pond 730 was further deep- 
ened with two sets of explosive chargès 

During this period, the meteorological sta- 
tAon was dismantled and components either 
stored in Buildmg 992 or sent bacWto Hanover 
for recalibration Some work was done on a 
newhard-*ire phone lin1 we had installed 
on the Rt.Bravo Bridge over the Eagle Efler 
A relay station hs been established there to 
eliminate the need fo± cell phone communi- 
catiott when tránsmitting met data. Instead, 
radio modems will transrnitthe da-ta frôm the 
met station, as well as the pond-site uistru- 
mentation stations; dIrectly to the relay sta- 
tion at Rt Brao- Mdge, where the data can 
then be transmitted to CREEL-Hanover over 
an Autovon line. Frelimmary testing of the 
new line and relay station wa successful This 
should vastly increase reliability while cut- 
fing down sigmfìcantl on transnhjssion:costs. 
A similar-arrangement 's being developed for 
the web-bgsed video monitoring system 

With the cessation of pumping activities at 
the Fiats, preparation for storage began All 
thepipe will once-again be stored on the EOD 
Pad over winter, añd -the hose and -check 
vah'es will he-stored under cover bac-k within 

the DPW-Environmental storage yard. The 
heavy equipment is also stored in the yard 
behind Building 724, where the-oil and filters 
were changed with the help of Weldin. The 
radiator on genset 3 wifi need to be replaced, 
and that unit was left at Building 704. 

PERFORMANCE EVALUATION 

Once again, the stems performed beyond 
our expectations This year, we attribute the 
better-than-expected results largely to the ef- 
fectiveriess of the tide gates. Aslight change 
in the course of the river at the head of the 
Flats also helped, resulting in a decrease of 
sheet flow from that directioh intó Área C 
durrng. normally flooding tides. Blasting a 
sump-allowed the lowering of.the water level 
in Pond 146, thus exposing more of the highly 
contaminated sediments in the vicinity of 
Canoe Point and the bird towet The addi- 
tional blasting done this fall tó deepen the 
sump should allow for even more 
remediation, and decrease the cycling of sys- 
tems in Ponds 146 and 730 as well (Fig. III-l- 
5). 

Pond 730 reinams problematic Although 
some drying occurred in. this area, frequent 
wetting via influx from Bread Truck Pond re- 
suited in a near steady stream of water infil- 
trathig the area, The -lowered threshold. for 
flooding cansed by the- large drainage ditch 
binstedin 1996 need tobe addressed Ins-tall- 
mg a large "tide gate" in the ditch has been 
discussed with both Bill Gossweiler and 
Weldin Further investigations are necessary. 
Meanwhile, the -deepening of the--sump at 
Pond 730 should -red-tide the cycling of the 
system and the consumption of- fuel 

All areas experienced -some dryrng. Area 
A dried more completely-than in 1998; with 
some cracks measuring. 10 an wide by 35 cm 
deep As mentioned, Pond 146, including 
Clurne Inlet, dried to a-much larger extent 
thanm 1998 Pond 183 was so drydwing the 
first part- of July that the senSors topped out, 
the first time that has happened. Pond --155 

dried somewhat, and Pond 730; a new pond 
this year, saw a lot of sediment consolidation 
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Figure IIi-1 -5. Deepened sump in Pond 146, September 1999. 
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Figure 111-1-7 Relationship between pond wczter Iwels and soil tension (1999) 

but only marginal dzyîng. This is tpicaIof a 
new pond. Again, we should emphasize that 
although a maximum dry period of only 28 
days was predicted owing to flooding tides, 
we were able to achieve more than loo con- 
tiguous days without widespread flooding 
(Fig. III-l-6). Rains starting in mid-July greatly 
reduced the effectiveness of the remediation 
method for the remainder of the seaspn, brt 
it was a very successful season all the same 
(Fig. ffl-l-7). 

EQUIPMENT IMPROVEMENTS 

This i5 the fourth year of operation of the 
pump systems and the third year of actual 
deployment. The systems have evólved sig- 
mñcantly smce the first ui-ut arnved in 1995 
for limited testing and developmental work 
Table m-l-4 lists some of the equipment modi- 
fications that were implemented in 1999. 
These changes have greàtlr increased the sys- 
teins' reliability as well as decreased fuel con- 
sumption. But, as with any complex system, 
there is always rocim.forimprovement. 

The control logic was modified so that if 
the low water switch becomes lodged in the 
down position or the high water switch be- 
comes lodged in the up position, the controls 

default to a standby status, thereby prevent- 
ing the geierator from starting or the pump 
frómcontinuthg to run in a dry sump. New 
stand-offs were manufactured for the shore- 
based high water and flood switches that pre- 
vent the connectors from submerging and the 
switches from loosening and falling out of 
position. 

Three 1100-L double-walled awdliaiy fuel 
tanks were addedtlt sèason to complement 
the two 1900-L units deployed last year, thus 
reducing the. frequency of and the time re- 
qui-ed for refueling (Fig III-l-8) The portable 
12-VDC fuel pump mentioned above enables 
us to transfer fuel back to the aùxiliary tanks 

or to retrognde. Four tide gates were in- 
stalled m Area A and the existing tide gates 
m Area C were expanded to reduce tidal in- 
fluence on reinediatiön. An additional check 
valve for the 30-cm line on system 3 was 
manufactured and tested latè in the season. 
Additional hose for system 3 was also made 
up, whichw111 add flexibility to the configu- 
ration of the discharge line for that system, as 
well as reduce the work required in the de- 
ployment and retrograde of the line between 
the EOD Pad and the Eagle River near the 
entrance to the Pad. 

Development work continues on the 
èquipment. Additional tide gates of a modi- 

I 
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Table III-l-4. Equipment and system modifications for 1999. 

System Modificution Date Purpose Result 
r_ : 

L i Extended tide gate. May Prevent fiooding from Successful up to 9.75 rn 
hde >9.Srn. 

r-, Rewired control July Prevent fault due to stuck Tested successful Pur- 
low water switch ther work necessary 

2 Replaced strobes Better visibility Successful 
Rewired control July 7 Prevent fault due to stuck Tested successfu' 

Sep t low i ata or high water 
-. s¼itch 

r 3 Rewired control July! Prevent fault due to stuck Tested successfu bSept 10 water or high water Tested successful 
switch 

Added check valve Sept To relieve pressure on pump Tested successful needs 

t 
check vahes due to head further work 

s- New switch July Better control of s itch Successful 
standoffs. locations. Less stress on 

F- control cables 
Added hose to July More flexible configuration. Successful. 

L- discharge line. Lower stress on line at 
pump end. 

r!!! ! . ! 
! ! ! 

r 4 Rewired control July! Prevent fault due to Tested successful 
Sept stuck low water or 

! 

! high water switch. ! ! 

! 
! ! 

!! ! nAdded 4 tide gates May Prevent flooding from 
! 

Successful up to 9 8 m 
-' tide>95rn 

r-, 5 Rewired control July! Prey ent fault due to Tested successful 
Sept stuck low w ater or 

L! high water switch. ! 

! ! 

C 6 Rewired control: July/ Prevent fault due to ! Tested succ?ssful. ! 
!! !! 

Sept. stuck low water or 
! high water switch. ! ! 

nGeneric Added three May Reduce the number of Successful. 

b 1100-L field required Bläckhawk refuel- 
fuel tanks. ! ing runs. 

New field fuel Sept- Allow transfer of fuel out of Successful. 
r transfer pump- genset tanks to field tanks at 

retrograde. 
Use of lift May/ Increase efficiency during Successful. 

schedule during Sept. expensive airlift operations. ! 

movements. 
Purchase of three Sept. To allow refuellng to occur Not yet implemented. 

more 1100-L tanks, with the contract helicopter 
(A-Star) 

Video monitormg June Visually monitor conditions Unreliable S\ stem modi- 
system in Area C. at the Flats through a fications in development. 

web based system 

e 'Ç 
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Figure 111-1 -8. Air! ifting new 11 00-L fue! taik. A 1900-L tank is to right. 

fled design are being built -at this time or de- 
ployment in other areas of the Flats and to 
replace some of the older gates. The cìedk 
valve seals áre being replaced with à more 
robust sealing arrangement to improve-their 
performance Three additional 1100-L auxil- 
iary tanks aré ordered and will be modffied 
to enable refueliñg of field tanks with thé cóm- 
mercial helicopters, thus reducing the logisti- 
ca! nightmare of-lining up four different enti- 
ties for a simple refueling operation. 
Sling-loading pipe during aeriàl transpón, as 
opposed to loading it on board the hthcQp- 
-ter, is also being discussed as an option to 
-speed that segment of the project. 

Finally, the Eagle River Flats web page is 
up and running. It is accessible thmùgh the 
CRREL public web site at www crrel 
usace armymil/erf From this site, access to 
the bibliography and met da-ta is cthrerttly 
available, as well as several other features 
such as Points of Contact. In the future, we 
hope to link to the output of the web cam- 
eras Daily and seasonal met data should be 
available next year for the Flats as welL This 
-will be integrated into CRREL met data- 
base, so site maintenance should be much bet- 
ter this year. 

11E 2000 SEASON AND BEYOND 

The 2000 season is predicted to be a poor 
one- for remediation at the Fláts. There are 
spring lunar flooding tidal cycles in excess 

occurring once a month in both May 
and June, and two overlapping flooding 
cycles exceeding 9 75 m in July, August, and 
Sèptember (Table III-1--5). It was debated as 
to whether deployment in 2000 makes sense 
from a remediaion standpoint, but the deci- 
iòn- at this time is to go forward. The 

pnmaiy reason is that, withbut pumping next 
year, the pond bottom sediments will 
deconsolidate and the sumps will slump, 

- -making future remediation efforts more du- 
ficult: M addition, by-deploying next year, the 
team will keep up to speed on the systems 
and procedures As a compromise, the end of 
the season is projected to be 28August, when 
the second flooding tidal cycle in August will 
begin. 

Additional development work also-needs 
to be done on the remote monitoring 
systems associated with the pumping project. 
The video system's problems need to be 
rectified, and the new met station ¿ommuhi- 
cations procedure needs to be tested. We 

Li 
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. Table III-l-5. Predicted f1oodin tides for 2000 
r' season. 

L 
Height Height 

. 
Da. Time (m) Time (ni) r _ 

L May 
4 0135 963 J 

-. 5 0215 982 
6 0257 9S2 

t 7 0339 966 
June 

t, 2 01U7 963 
I ' 

3 0155 982 
4 0242 985 
s 0329 966 

n July 

L_ i 0044 954 
2 0139 969 

r, 3 0230 972 
I 

4 0319 963 
L_J 5 0407 

. 

30 . 0030 951 
. 

r 31 0128 9.78 

H August 
i 0219 9.94 
2 0306 991 2111 9.51 

r . 

3 0352 9.66 2153 9.51 

L 28 0024 9.51 
29 0118 9.82 1930 9.51 

r9 30 . 0206 9.97 2006 9.63 
31 0250 9.97 2042 10.00 

L September 
1 0856 9.75 2119 9.63 r 27 0016 1830 9.60 

j 
28 0106 9.69 1906 9.69 
29 0151 9.85 1939 9.75 
30 0232 9.82 2011 9.78 
29 0311 9.63 2043 9.63 

Notes: Pr&season Anchorage tidal predictions. Add 1/ 
2 hour for ERF tides ERE tidal classifications 9 48 to 

F 9 54-rn tides rumor/preventable 9 55 to 9 72-m tides 
L substantial/may be prevenrable >972 ni tides major! 

unpreventable. .: 

r : 

ri 

- 
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Year 
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Figure III-l-9. Image from web camera offlooded Flats taken off mt ernet. 

table III-l-6. Possible effect of tide gates op 199S-20Ô3 seasons.» 

Duration be±wen flooding tides .(cky) Overall extension of seasont (days) 

<948 m»t 957m 966m 972m 957m 966m 972m 

1998 45 100 102 102 55 57 57 

1999 27 28 52 102 1 25 75 

2000 25 27 27 7 2 2 2 

2001 67 70 70 104 3 3 37 

2002 74 75 102 115 1 28 41 

2003 74 91 91 118 17 17 44 

»1998 and 1999 data included for reference. 9.48-m tide is the normal threshold flooding tide elevation for Area C 

Area A floods about 0.15 m above area C. 

tGain in contiguous days over core season (15 May to 15 September). 
**Tide heights. 

LI' 
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are especially intèrested in the web camera, 
as this is a great; method for remotely 
monitoring the conditions at the Flats (Fig. 
m-1-9). 

The years 2001-3 are predicted to be much 
better, especially ifthe tide gates continue to 
work as well as they did this year (Tablé HI-1- 
6). In each of those years, therç will be a mini- 
mum of 67 contigüous core days without 
flooding, primarily during the earliest.part of 
the season when conditions tend to be mOre 
favorable for remediation. If the gates work 
well with tides between the 9.57 and 9.72 ni 
during those seasons, the contiguous period 
without flooding will be much longer. The 
2004 season is much like the 1999 season, and 
if the tide gates work well, it could turn into a 
good season. The out years, 2005-7, are almost 
ideal, with no flooding tides in June and few 
in July if the project is extended for any rea- 
son, the outlook is excellent in these years for 
further reme diation. 
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T. Ill-2 TREATMENT VERIFICATION: MONITORING 
THE REMEDIATJON OF WHITE PHOSPHORUS 
CONTAMINATED SEDIMENTS OF 
DRAINED PONDS 

Marianne E. Walsh, Charles M. Collins, and Ronald N. Bailey 
U.S. Army Engineer Research and Development Center, Cold Regions 
Research and Engineering Laboratory, Hanover, NIH 

1 

INTRODUCTION 

The white phosphorus-contaminated sedi- 
ments at Eagle River Plats are remediated by 
pumping selected ponds and allowing the 
sediments to dry The 1999 season is the first 
year of treatment under the Record of Decision 
signed in September 1998, although Area C 
was pumped in 1997 and 1998 during devel- 
opment of the pumping procedure. Coincid- 
ing with the development of the treatment 
methodologies, we developed a variety of 
methods to monitor the success of the 
reinediation. Sublimationoxidation condi- 
fions are monitored using sensors linked to a 
datalogger, discrete or composite surface Sedi- 
ment samples, or both, are collected from 

Figure 111-2-1. Map of Eagle River Flats 
showing areas and pond identification nuin- 
bers. 

T 

n 
L) 

U 

known areas of contamination to see if the 
concentrations have declined with time, and 
residual white phosphorus from planted par- 
ticles is measured to see if loss occurred. Also, 
this year we collected several subsurface 
samples within Area C to see if decontamina- 
lion is occurring at depth. 

METHODS 

Composite sampling 
Pond 183 (Area C) and Pond 109 (BT Pond) 

In 1997, we established 200-m long west- 
to-east transects in Area C and the Bread 
Truck (BT) Pond (Fig. m-24) to monitor sub- 
limationoxidation conditions and for 
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Figure 111-2 -2. View 
looking north of 

Pond 183 in June 
1999 showing 
sample locatiöns. 

baselme and verification sediment sampling tending 20 m north and south of the west 
(M E Walsh et al 1998) Three transects were east transect For each of the three transects, 

estabhshed, one in Area C (Ponds 164 and thehighestwhitephosphorus concentrations 

183) and two in the Bread Truck Pond were found in the middle of the ponds 
(Ponds 99 and 109) Along each westeast (samples taken at the grid 100 m along the 

transect at 0, 50, 100, 150, and 200 m, corn- transect) In 1999, we again resampled these 

posite samples were collected to determine if gnds (Fig ffl-2-1, III-2-2, and III-2-3), and col- 

hot spots «ocalized areas contammg white lected duplicate composite samples from each 

phosphorus particles) were present Each grid at C 100 m, BT South 100 m, and BT North 

composite sample was made up of 92 sedi- i 00 m 
ment cores obtamed at the nodes of a i 82-m In Area C, 50-mL samples were obtamed 

square grid covering a 546-m-wide area ex- usmg a plastic syrmge corer (2 65-crn i d, 9- 

----------- 
i ;C 

Figure 111-2-3. View from 
helicopter offormer Bread 
Truck Pomi showing loca- 

tions of data stations, grid 
composite samples, and 
Bread Truck Ditch. 
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Figure III-2-4. Pond 155 
showing locations of 

datalogger and grid com- 
posite sample. 

cm length) as was done in previous years 
(M.E. Walsh et al. 1997,1998). Because of sedi- 
ment consolidation attributable to draining, 
insertion of the plastic corer into the sediment 
was very difficult. In the Bread Iluck area and 
other areas, we substituted an Oakfield corer, 
which has a handle and tapered tip that 
greatly facilitated insertion of the corer into 
the consolidated sediment. The corer 's inter- 
nal diameter was 2 cm, and when a 10-cm 
length core was taken, it resulted in a 31-mL 
sediment sample. 

Pond 15.5 (Northern C) 
Pond 155 is a smali 0.35-ha (0.70-acte) per- 

manent pond (Fig. III-2-1 and III-2-4) located 
north of the main pond in Area C (Pond 183). 
This pond was first sampled in 1992 after Dan 
Lawson found over 30 waterfowl carcasses in 
the pond and in the surrounding bulrush. Of 
the eight sediment samples collected by 
Charles Racine in August1992 from the pond, 
seven had detectable concentrations of white 
phosphorus (Racine et al. 1993). In Septem- 
ber 1997, a sump was explosively excavated 
in the middle of this pond, and in June 1998 
the pond was pumped. Because this pond was 
relatively small, the sump hole covered a sig- 
nificant portion of what was open water habi- 
tat. In August 1998 we collected composite 
samples made up of 48 subsamples from two 
grids covering the remainder of what will be 

.'TT 'YtF 0 

i i . - ai$ i 

'. a e na - 
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open water habitat when the pond is not 
pumped (Pig. III-2-4). Only one of the compos- 
ite samples was positive. In 1999 we resampled 
the positive grid in June and September. 

Pondl46 
Pond 146 is a permanent pond (Fig. III-2-1 

and III-2-5) located adjacent to the EOD pad, 
Canoe Point, and Clunie Inlet on the east side 
of ERE. The pond is 5.5 ha, of which 0.45 ha 
was dredged in 1996-4997. Post-dredgiñg 
sampling located a small area of contamina- 
tion remaining, but at the time, the water 
4epth was sufficient to prevent dabbling 
ducks from feeding. With the lowering of 
water depth by pond pumping and the 
slumping of sediments into the dredged area, 
contaminated sediments may once again be 
available to waterfowl periodically through- 
out the summer. 

Tn 1999 we established two grids extend- 
lug through and beyond the dredged area 
where the post-dredging sampliñg showed 
contamination remaining (Fig. III-2-5). Each 
composite sample was made up of 48 
sub samples. 

Pond 258 and 256 (pumped ponds in 
NorthernA) 

- 

Ponds 258 and 256 are located on the west 
side of ERE in Area A (Pig. III-2-1). Pond 258 
is a large pond of 1,72 ha (3.44 acres) (Fig-III- 
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2-6), where over 50 discrete samples were col- 
lected between 1991 and 1994. Sarnpling.was 
promptd-.hy the- large- number.of waterfowl 
carcasses that have been found in this pond 
(70 catcasses In August 1992). Only foursedi- 
ment samples were positive, the highest con- 
centrationfoundwas0 Q4j.xglg Severalposi- 
five samples were collected lust north of Pond 
258, but agam concentrations and frequency 
of detection were much lower than in 
Area C, the BT Pond1 and Racine Is1an4 -in 
-August 1998, we established three west-to- 

transects labeled 258 south, 258 middle, 

-* - 

II &ey6 

PigurellJ-2-5. View of Pond 146. a. Look- 

ing north toward Clunie Point. 

and 258 north (Fig III-2-7) Composite 
samples were collected from - the nodes- of 
grids extending south- and :orth Of the 
west-to-east transects. Samples taken --on 

grids north and -south of the -transects were 
designated "plus" and "minus," respectively. 
Of tlipse 29 composite samples, only one 
was positive. An additional 14 samples were 
taken -along lines, with a - subsample col- 
lected every 2 m. Two of these samples were 
positive. - 

In June -1999, we established two, more 
west-to-east transects, labeled north central 

Figure 111-2-5 (cont'd) b Close-up 
of'Iocdtions of gñd composites. 
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Figure 111-2 -6 Aerial view looking down on _ of Ponds258 and 256 (18August 1999) 
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Figure 111-2 -7. Map of 
Pond 258 showing loca- 
tion of grid composite 
samples collected in 1998 
(light color) and 1999 
(dark color). 
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Figure 111-2 -8. Pond 730 (looking, north) after draining. 

and south central and collected 17 more grid 
composite samples (Fig. III-2-7). 

Pond 730 

Pond 730 mArea CID Fig. m-2-1 and III- 
2-8) was treated by pumping this year because 
of the mortality ofradio-collared ducks in-this 
region. Drainage of this pond greatly facili- 
tated our ability to sample within Pond 730 
and locations to the north. We collected 10 grid 
composite samples within the pond and-one 
line composite along a channel in the -south- 
west part of the pond. 

Discrete surface and subsurface sampling 
Area C I 

We collected discrete surface and subsur- 
face samples from sites that had high concen- 
trations of white phosphorus prior to drain- 
age of the ponds: .We again intensively 
sampled the location of the DWRC Pen 5 In 
Area C (Fig. III-2-2), used 1992 t 1993- for the 
evaluation of methyl anthranilate. In 1996 and 
1998, we sampled a 5.46- by 20-m area sur- 
rounding this pen, taking discrete samples at 
-the nodes of a 1 .82-m-square grid (M.E. Walsh 
et al. 1997). The 1998 sampling revealed a dra- 

1 

j 

j 

trations (Pig III-2-9) Weresapled this grid 
m September 1999 

We collected eight sets of subsurface 
samples in Area C (seven from Pond 183 and 
one from Pond 146) The locations were cho- 
sei-i oñ the basis o-f results of extensive core j 
sampling in 1992 (Fig III-2-10) (Racine et al 
1993) Locations were chosen where white 

I 

phosphorus was detectable over môÑt of the 
core length (Fig m-2-10) Previous cores were 
obtamed from pond bottoms using a sludge 
sampler This method was ñecessary owing 
the standing water present m each k0 but 
i-t made depth estimates inaccurate because i 

of cere compression In 1999, we obtained j 
subsurface samples while the ponds were 
pumped dry by digging holes 30 cm deep, and 
using a corer to take sediment samples from 
the wall-of each hole at 0-, 5-, 10-, 15-, 20-, 25-, 

and 30-cm depth. This method allowed accu- 
rate depth measurements. 

Two cores were taken from Miller's Hole 
(Fig. III-2-2), the crater produced when a 
white phosphorus mortar round was deto- 

g: 
L 

nated in May 1992. At this site, we used an 
Oakfield corer pushed to -a depth of 20 cm. 

i 
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Figure 111-2-9. Plot of white phosphorus concentrations found on a 1.82-m square grid in 1996, 
1998, and 1999 in DWRC Pen 5. Large black circles show locations of discrete samples that con- 
tamed solid macrosco pic pieces of white phosphorus. 
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Figure 111-2 -1 a Aerial 
color-infrared photo- 

graph of Area C show- 
ing locations (circles), 

site identifléntion num- 
bers, and white phos- 
phorus concentrations 

(jigig) found along 
length of cores collected 

in 1992. In June 1999, 

white phosphorus was 
undetectable in samples 

taken 5-cm intervals 
down to 30 cm at loca- 
tions 240, 549, 381, 

547, and 230. 
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Figure 111-2-21. View of eroding Bread Trucl Gully. Ronald Bailey Lc looking 

down on an exposed white phosphorus moitir round. 

We divided each core in half, the top being 
surface sediment and the bottom subsurface 
sediment. 

BTGUIIy 
The surface sediment surrounding the 

Bread Truck Ditch is eroding into the ditch 
?with each ebb tide (Fig. III-2-U). We sampled 
some of this erodedsediment that was depos- 
ited n the newly eroded lobes of the Bread 
Truck ditch. At th time we sampled, water 
covèrèd the bottom of the lobes, and we col- 
lectedthree samp1e just above the waterline. 
When we returned to survey OUT sample 
points, we observed a white clòud within one 
of the lobes. On doser inspection, we saw a 
slow burning tail end of a white phosphorus 
60-nm mortar4.which was leaving the bnght 
orange residue characteristic of suboxides of 
phosphorus The round appeared to have 
been exposed by the erosion of the advanc- 
ing gully. After the round stopped burning, 
Sherri Butters collected sediment surround- 
ing the round, then we collected an additional 
four samples at evenly spaced intervals down 
the gully lobe, towards themain ditch. 

I 

.. 

ri 

I 

LuI:I 

Laboratory analysis of sediments for white I 

phosphorus residues 
ht the laboratory each composite sample 

was thoroughly mitxedby stirring and knead- 
ing. To obtain an estimate of average white 
phosphorus concentration, a 200-g sthsainple 
Was taken from each compositeand analjzed 

: 

using solvent exfracüon (IDO mL isboctane) 
¡ 

and gas chromatography (EPA 5W-846 
Method7S8O),Ifconcentrationswerehigh,the r 

remainder of each composite was rinsed 
through a 30-mesh sieve (0.59-mm sieve open- 
ing) to remove the fine-grained sediment. 

i 

Material remaining on the sieve was placed ¿ I 
in a septa-jar and equilibrated at room tem- 

T 

perature. To determine if white phosphorus 
particles had been retained on the sieve, we 

J performed headspace solid-phase micro- 
T 

extraction (SPME) followed by gas ehro- 
matography (M E Walsh et al 1995a) When 

J the SPME method indicated that white phos- 
phorus was present, the sample was spread 
in a thin layer on an aluminum pan and I 

heated until all water evaporated. if white 
phosphorus particles were present, they are 
detected by the observation of a localized area 

j 
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of intense smoke and flame, and the forma- 
tion of a bright orange. residue. 

Discrete samples were subsampled by tak- 
ing a 40-g portion of each soil and extracting 
the white phosphorus with 20 mL of isooc- 
tane. Subsurface samples, which were ob- 
tained in the field with corers, were placed 
directly in isooctane. After shaking overnight, 
the extracts were analyzed by gas chromatog- 
raphy (EPA 5W-846 Method 7580). 

Sublimationoxidation conditions r 
: We installed sensors and dataloggers to 

monitor sediment temperature and moisture 
conditions using the same configuration of 
sensors as in 1997 for most of the stations At 
each station (Table III-2-1, Fig. IiI-2-12,. HI-2- 
13), sediment temperatures were monitored 

T: at 5- and 10-cm depths usiytg Campbell Sci- 
entific (Logan, Utah) Model 10Th soil/water 
thermistor probes. Sediment moisture condí, 
lions were monitored at 5- and 10-cm depths 
using Campbell Scientific Model 257 (Water- 
mark 200) soil moisture sensors. Output from 

n both sets of sensors was taken évery 10 mm- 
utes, and the hourly and 24-hour averages 
were recorded by a Campbell CR10 Measure- 

- ment and Control Module and an SM716 Stor- .. 

bage Module. 
Tensiometers provided another measure of 

surface sediment mòisture conditions. 
SoilMoisture® (SoilMoisture Equipment 
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Corp., Santa Barbara, California) Series 2725 
tensiometers equipped with dial gauges were 
installed, one at a 10-cm depth. and another a 
20-cm depth at most siles, and were read pe- 
riodically by Sherri Butters and Terry 
Edwards (Weldin Constructioft). A third ten- 
siometer was equipped with a pressure trans- 
ducer and wired to the datalogger, where 1- 
hour and 24-hour averages Were computed 
and recorded on a storage module. 

To monitor subsutface wäts level in Area 
C, we relocated a shallow piezoineter well 
used in 1994 and 1998 (Site 3 in M.E. Walsh et 
al. 1995b), and placed the Dnkk pressure 
transducer 1.04 mbelow the sediment surface. 
We also installed Drucks to mentor depth of 
any standing water in the ponds Last year, 
most of the Drucks gave erratireadíngs be- 
cause they were exposed ii, the drained 
ponds This year we placed the Dncks within 
piezometer tubes and fastened the tubes to 
the mast of the tnpod so that the tip of the 
Druck was just above the sediment surface 
With this method, eight out of ten sensors sat- 
isfactorily recorded the flood events in each 
of the drained ponds. The 'two Drucks that 
failed were in the Bread Truck Pond. 

From 4-7June 1999, ateàch datalogger sta- 
lion, we planted., 10 white phosphorus par- 
ticles (1.8 mm diameter, 5.6 mg) that were 
made in the laboratory (M.E. Walsh et al. 
1995b). Each white phosphorus particle was ¡ 

Table III-2-1. UTM coordinates and eèvations of data loggers used to 
record sublimation/oxidation conditions 5 June to 21 September 1999. 

Datalogger - site 

ClOOrn 
BTN 100m 
BT 510Dm 
Pond 155 
Pond 730 Station 1 

Pond 730 -Station 2 
Pond 730 -Station 3 
A Ponds 1 (Pond 258) 
A Ponds-2 (Pond 256) 
C (piezo site from '94) 

r 

E 
(ni) 

355,024.49 
354,536.42 
354,521.08 
355,11237 
354,844.15 
354,890.25 
354,880.02 
353,990.20 
353,823.82 
355,013.18 

N 
(w) 

6,801,302.48 
6,801,826.00 
6,801,724.34 
6,801,536.84 
6,801,828.52 
6,801,841.72 
6,80T1,880.65 
6,800,707.95 
6,800,780.01 
6,801,196.88 

Elevation 
(in) 

4.68 
4.74 
4.76 
458 
4.48 "' 
4.46 
4.42 
4.61 
4.51 
4.78 
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Figure 111-2-12. Map of 1999 datalogger locations. 
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Figure 111-2-13. Datalogger stations photographed on 7 July 1999 during a period of ideal drying concH- 
tions (Photographs curtesy of Terry Edwards, Weldin Construction) 
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r 
[b first iriserted into a plug of saturated sedi- RESULTS AND DISCUSSION 

ment, then the p1u of sediment was placed 
in a nylon stocking, which was then placed 
within the top Scm of saturated sediment at 
each monitoring station. We recovered five of 
the 1999 plugs from each station on 21 Sep- 
tember 1999 to see if white phosphorus mass 
had decreased. Tb detethñne if the white 
phosphorus particles had changed, the sedi- 
ment samples containing particles were 
placed into isooctane to extract white phos- 
phorus residue prior to analysis by gas duo- 
matography. The remaining five plugs were 
left for recovery at a later date. 

Surveying 
Universal Transverse Mercator (UTM) 

horizontal coordinates (North Atherican Da- 
tum 27) and elevations were obtained using 
a Wild Tbtal Station. Surveying methods were 
similar to those deècribed in past years. For 
the pond 730 sample points and Bread Truck 
Gully samples, we used a benchmark set up 
in 1998 on the north side of the Bread ruck. 
For Area A, we usefta benchmark established 
in 1998 near Pond 258. Area C locations were 
obtained from a benchmark on Cjunie Pad. 
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Results of monitoring are discussed by lo- 
cation within ERE. White phosphorus cöncen- 
tralions for all composite and discrete samples 
are listed in Appendix III-2-A. 

AreaC 
Sediment temperature and moisture con- 

ditions were monitored at two sites within 
Area C Fig. HI-2-2). Previous work has shown 
that to promote sublimationoxidation of 
white phosphorus partides, sediments must 
first be desaturated. Then subliartationoxida- 
liOn will take place, and the rate at which it 
occurs increases exponentially with increased 
temperature. Moisture sensors at the C 100m 
and C piezometer sites (Fig III-2-14) showed 
that the sediments desaturatedi (increase in re- 
sistançe and tension above baseline) around 
4 June and remained unsaturated until a 
flooding tide on 14 June. Sediments were 
again desaturated by 27 June and remained 
unsaturated until lSTJuly, when heavy rains 
soaked the sediments. The June flooding se- 
quence was recorded on a web cam (Fig. III- 
2-15). For the rest of the summer, there were 
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Figure III-2-74 (cont'd). Output from moistüre sensors during the 
summer of 1999. Increases in resistance and tension indicate drying. 
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Figure III-2-1 4 (cont'd). 

brief periods where the sediments were un- 
saturated, but frequent rain constantly 
rewetted them. Sediment temperatures were 
between those observed in 1997 and 1998 at 
the C m station. During the time that sedi- 
ments were unsaturated, maximum 24-hour 
average temperatures at 5cm depth were 21.7, 
18.3, and 21.1°C for 1997, 1998, and 1999, re- 
spectively. Mean temperatures at 5 cm depth 
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were 17.53, 15.79, and 16.8°C for 1997, 1998, 
and 1999, respectively. The maximum tem- 
perature occurred on 4 July 1999 during a 19- 
consecutive-day spell of unsaturated condi- 
fions. 

The rei ationship between groundwater el- 
evation and tension in the surface sediments 
is revealed in data from our piezometer data 
station. When groundwater elevations 
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Figure 111-2-15. Picturesfroin web cain showingflooding ofPond 183 in June 1999. Salt crust visible on 9 June 
is an indication ofdrying sediments. Sensors showed that the sediments were again unsaturated by 27 June. 
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Figure 111-2 -15 (cont'd). Pictures from web aim showing flooding of Pond 183 in June 1999. Salt crust 

visibleon 9 June is an indication of drying sediments. Sensors showS that the sediments were again 

unsaturated by 27 June. 

dropped to 50 cm below the sediment surface, 
tension rises above 5 cbars, the estimated air 
entry point (Hemond and Chen 1990) for sedi- 
ment in ti-ns part of ERF (M E Walsh et al 
1995b) The groundwater elevation dropped 
below the bottom of the piezometer well (1- 

m depth) on 6 July (Fig UI-2-16), and did not 
rise into the well again until 6 August, fol- 
lowing heavy rainfall While the sediment 
was unsaturated, rewettmg by precipitation 
is shown by the wide fluctuations in tension. 

We recovered the remains of white phos- 
phorus particles that we planted in 1999. Four 
of the five white phosphorus particles planted 

. 

decreased from art initial mass of 5 6±0 5 mg r 

tolessthanorequaltoO5mg Oneparticle H 

showed no change Given that in June we 
planted five 5 6-mg particles for a total mass 
of 28 mg and we recovered a total mass of 6 6 

mg in September, removal by sublimation 
oxidation was 76% (Table III-2-2) 

In 1997, we collected composite samples 
from fivegnds mArea C, and found the high- 
est concentrations in the sample (C 100 m) 
taken from the west side of Pond 183. In 1999 

Li 
we again collected replicate composite 
samples from this grid. White phosphorus is 
sti II detectable within this grid but the con- 
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Figure 111-2-1 6 Groundwater surface elevation in piezometer well located in Area 
C and the corresponding moisture content (tension) of the surface (elez2ation 427 --- 
m) sediment. A rise in tension indicates drying. -, - 

Table III-2-2 Loss of white phosphorus from 
particles planted in the top 5 cm of drained 
ponds The locations correspond to data sta- 
tions in Table III-2-1 

Data logger 

location Loss 
- 

C1.00m 76% : - 
- 

: - BTNorthlDOm 72% -. 

BTSouthlDOm 61% 
Pondl5S 0% , 

Pond 730 Station I 52% 
Pond 730 Station 2 62% 
Fond 730 Station 3 21% 
Pond 258 50% 
Pond256 48% 

Nominal initial mass wac 5 6 ± 0 5 mg for each of Inc 
particles yielding an initial total mass of 28 mg. Loss 
was computed às follows: l-(sum of mass remaining)! : 

- 

(total initial mass) 
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Table III-2-3. White phosphorus concentrations found in 

composite samples collected from grids in Area C and the 

Bread Trùck PonS 

Mediàn White Phosphorus Concentration (g/g) 

C ET North ET South 

Date ni 100m 100m 

4 June 1997.. 0.069 0.012 0.0049 

4 September1997 0.0063 0.0056 0.00087 

22 August 1998 0.0074 0.0038 0.0035 

15 September 1999 0.0016 0.0003 0.0045 

centration is declining (Table : 

We have observed the most dramatic de- 
clthes in white phosphorus concentrations in 
Pond 183 in :discmte samples collected from 

sites where high concentrations of white pitos- 
phorus were found prior to draining. The first 

site,was the location of the DWIRC Pen 5 (Fig. 

III-2-2). used in 1992 to 1993 for the evalua- 
lion of methyl antliranilate. We intensively 
sampled this pen in 1996, taking discrete 
samples at the nodes of a 1.82-m-square grid 
four columns wide and 12 rows long ig. III- 
2-9) In 1996, all 48 samples contamed detect- 
able white phosphorus concentrations rang- 
ing from 0.0024 to 421 xg7g (Table III-2-4). 

Over 300 white phosphorus particles were 
found, one of which weighed 150 mg (M.E. 

Walsh et al. 1997). By the fall of 1998, white 
phosphorus was detectable in only 28 of the 
48 samples. The concentration range in the 
positive samples was 0.00062 to 0.84 'g/g. In 
all cases where white phosphorus was found, 
the concenträtions were lower in 1998 then in 
1996 (Table III-2-4), and no white phospho- 
rus particles were found in sieved samples. 
Tn 1999, we again sampled rows 4 to 12, and 
only 13 samples had detectable white phos- 
phorus. The concentratiqn range was 0.0002 

to 0.036 j.Lg/g. 
The subsurface samples we collected also 

showed a decline in white phosphorus resi- 

dues. The first series of samples was collected 
from Ponds 183 and 146 where 1992 sampling 
showed contamination at depth. Figure III-2- 

10 shows the locations of the subsurface 
samples and results from 1992 where each 
number in the columns represents an increase 

(in depth of 3 to 5 cm. This year white phos- 
phorus was undetectabJe d9wn to 30 cm at 

. locations 240, 549, 381, 547, and 230 and in 
one additional location between 547 and 240. 

White phosphorus was stifi detectable at lo- 

cation 615, which is within the bulrush marsh, 
and at location 53, which is adjacent to the 
dredge channel in Pond 146. 

. 

The second set of subsurface samples was 
from Miller's Hole, the crater produced m 
1992 from the detonation of a W? IJXO Re- 

peated sampling shoi s significant decreases 
. 

in çoncentrations in the surface sediments 
since the initiation of the pumping project 
(Table ffl-2-5) ln.1997 we collected two nar- 

.- row cores down to 20 cnt from the centet of 
the crater and foUnd high concentrations (up 
to 1730 j.tg/g) in the deepest (20 cm) part of 

the core By the fall of 1998, when duplicate 
cores were taken, the concentrations m the 

deepest parts of the cores were 0.25 and OJO 

jig/g. Thisyear,theconcentrationswere only 
0,0012 and 0.0016 jig/g in the deepest parts 
of the core. We Will continue to sample 
this site tirttil white phosphorus is undetect- 
able. 

In light of all of the above, pumping has 
been very successful at decontaminating Pond 
183. Pond 146 needs additional attention, but 
the increased depth of the sump should help 
to dry the sediments. 

J 
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Table III-2-4. White phosphorus conceñtrations. (g(g) 
found on a 1.82-m-square gird in 1996, 1998 and 1999 in 
DWRC Pen 5. 

Row Column 1996 1998 1999 

I 

I 

1 

1 

2 

2 

2 

2 

3 

3 

3 

3 

4 

4 

4 

4 

D 

5 

5 

5 

6 

6 

6 

6 

.7 

7 

7 

7 

8 

8 

8 

8 

9 

9 

9 

9 

:io 

10 

10 

10 

11. 

11 

11 

11 

12 

12 

.12 

12 

1 

2 

3 

4 
1 

2 

3 

4 

1 

2 

3 

4 

1 

2 

3 

4 

1 

2 

3 

4 

1 

2 

3 

4 

i 

2 

3 

4 

1 

2 

3 

4 

1 

2 

3 

4 

I 

2 

3 

4 

I 

.2 

3 

4 

1 

2 

3 

4 

0.049 not detected 
0.005 . not detected 
0.003 not detected 
0.018 hot detected 
0.022 not detected 
0.002 . not detected 
0.003 not detected 
0.003 not detected 
0.008 not detected 
0.004 not detected 
0.008 not detected 
0.016 not detected 
0.102 0.0006 

4.30 0.0014 

0.032 not detected 
0.012 not detected 
0.135 not detected 
5.38 0.0505 

0.551 0.0067 

0.010 0.0007 

0.029: 0.0055 

0.009 .. 0.0015 

0.076 0.0042 

0.008 not detected 
22.9 0.0048 

0.039 . not detected 
0.058 0.0007 

25.3 0.0034 

8.52 02101 
6.01 not detected 
0.015 not detected 
0.760 0.0037 

0.129 .. 0.0033 

0.061 0.0010 

1.73 0.0889 

0.063 0.0010 

0.034 not detected 
0.112 0.0021 

19.7 0.187 

0.279 0.0530 

421 0.0029 

3.63 0.0024 

128 0.840 

0.691 0.0074 

524 0.0258 

0.616 0.0042 

0.320 0.0146 

0.337 0.0035 

± 
¿ ± ,,±,, I 

not sampled 
not sampled 
not sampled 
not sampled 
not sampled 
not sampled 
not sampled 
not sampled 
not sarhpled 
not sampled 
not sampled 
not sampled 
not detected 
0.00042 

not detected 
not detected . 

not detected 
0.00061 

0.00103 

not detected 
. not detected . 

not detected » 

not detected 
not detedéd 
0.0024 

not detected ., 

not detected . . . 
: 

0.035 
: 

0 00238 
not detected . . ... 

not detected 
0.0093 : 

not detected -. 
not detected 

. 

not detected 
not detected 
not detected 
0.0029 

0.0363 
. 

0.00033 .,. 

0.00018 
. 

not detected 
0.00798 

not detected 
0.00087 

not detected 
notdetected.. . 

nofdetected . .:, 
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Table III-2-5. White phosphorus concentrations found 
at Miller's Hole, a crater produced by the detonation 
of a W? 11X0 (81-mm mortar round) The crater center 

is 30 cm below the rim. 

White phosphorus concentration (pglg) 

Days since Centèr of 

Sampled exploiön crater Rim 

/20/92 ô 2,394 979 

6/18/92 29 5,572 0237 
8/21/92* 93 184 0.00427 

6/23/93 399 187 00175 
8/27)93* 81.5 0.00177 

5/16/9.? 726 495 341 

8/39/94 832 9 5 not detected 

6/1/95± 1107 10,497 0.0051 

9/17/95t 1215 166 0.0006 

9)3/97 1932 1.6 not detected 

8/25/8 2288 0.037 not detected 

9/21/99 2681 0.0008 not detecÑd 

*Crater ùnder waterwhen sampled 
tCräter under water all summer. 

Pond 155 (Northsrn C) : 

Pond i 55 (Fig 11P2-4 and III-2- 13) was 
drained by pumping but had nunimal dry- 
ing because of its location within a bulrush 
marsh. Planted particles at.this sie showed 
rio change (Table m-2-2) We collected gad 
composite samples from a part of the pond 
that was sampled last year and had a white 
phosphorus concentration of O 023 jsg/g A 
sample taken m June 1999 was O 45 j.tg/g, and 
duplicate samples t September 1999 vere 

OOl8andO 014j.ig/g OverThemanyyearsof 
taking repeated samples in contaminated lo- 
cations, we frequently observed higher cori- 

centrations in the spring versus the fall Al- 

though the topmost layer of sediMent thay 
thy temperathres decrease and molsture con- 

tent mcreases with depth, which slows the 
rate of loss of white phosphorus at depth 
Consequently, higNy contaminated sediment 
may underlie sediment that has been decon- 
taminated. Freeze-thaw cycles may then re- 

new the surface contamination ly 
deconsohdation and frost action Slower de- 
contamination of the deepet sediments is One 

of thèrasons that repeated seasons of pump- 
ingaìeneeded. 

This pond should benefit from the deeper 
sunip installed in Pond 146 this fall We hope 
that,wi.th the deeper sump in Pond 146, Wa- 

ter lévels throughout Area C wifi be lowered 
and Pànd 155 will dry. 

Breqd ruck Pond 
. The former Bread Truck Pond (Pond 109) 

(Fig m-2-3) is no longer a permanent pond 
because of thed.rainiage ditch excavated in 
April 1996 connectmg an exisbng tidal gully 
with the pond (Collins et al 1997) Smce its 

excavâtion, theditch has continued to enlarge 
each year as headward erosion extends it 
southward andeastward into the former pond 
area. In addition to the gully advancement, 
there has been significant erosion of the sur- 
face ediment within 20 m of the ditch (Fig. 

UI-2-il). 0th monitoring station on the north 
sideof the Bread Truckpond (BT North 100 

m) is affected by this erosion. 
The north side of the former pond drains 

reádilsr through to the dtainage ditch but is 

J 

LI 
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also more frequently flooded owing to the 
lower flooding threshold of the ditch. Unlike 
Pond 183 in Area C, which flooded only be- 
tween 14 and 19 June, the Bread Truck Pond 
flooded on 13-16 June, 12-15 July, 11-13 Au- 
gust, 28-31 August, and 10-11 September. 
Moisture sensors (Fig. m-2-14) at the BT North 
loo m monitoring station indicate that the 
north side of the pond dried significantly dur- 
ing the first two weeks of June and July. White 
phosphorus is just barely detectable in the BT 
North 100m composite samples (0.00027 and 
0.00037 xg/g), although the decrease from 
0.012 i'glg in June 1997 (Table III-2-3) maybe 
attributable to both drying and erosion. Re- 
sidual white phosphorus from the particles 
we planted was extremely variable, ranging 
from 0.0001 to 4.7 mg. The total mass recov- 
ered from the five particles planted was 7.78 
mg. Given a total initial mass of 27.8 mg, the 
removal was 72% (Table UI-2-2). 

The south side of the Bread Truck pond was 
wetter than the north side because of poorer 
drainage to the ditch (Fig. m-2-3). However, 
it dried out more than it did last summer, 

when saturated conditions were the norm. 
White phosphorus concentrations in the twb 
composite samples taken at WV South 100 M 
were 0.0005 and 0.0085 j.xg/g. In June of 1997 
thé concentration range of five replicates was 
0.003 to 0.0079 gg/g, so no significant reduc- 
tion in concentration is evident in the corn- 
posite samples. However, there was a 61% loss 
of the white phosphorus from thepaxticles we 
planted this year. This loss is abiginprovement 
over last summer when the loss was only 1%. 

We sampled sediment that was deposited 
in the Bread Truck ditch by erOsion of the 
pond surface sediment. We did not detect 
white phosphorus in the newly deposited 
sediment; however, at the bottom of the gully, 
we found the tail end of a white phosphorus 
mortar round that was exposed by the ad- 
vancing gully (Fig. III-2-17). The white phoè- 
phorus filler in the tail end of mortar rounds 
is typically not ejected when the rounds ex- 
plode (Walsh and Collins 1993), leaving re- 
sidual filler that is uncovered as the rounds 
corrode. Adjacent to the round, the concen- 
talion of white phosphorus was 68 ig!g. In 
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Figure III-2-17. Overhead view of Bread Truck ditch showing lobes 
formed by continuing erosion. Also shown is the location of an exposed 
white phosphorus mortar round and white phosphorus concentrations 
found in sediment between the round and the ditch. 
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saniples taken atapproximately 5-m intervals 
between the round and the main channel of 
the ditch, white phosphorus concentrations 
were 0 04, 0 O03,and 0 0007 j.tgl g, and it was 
undetectable in the main channel 

Given the increased frequency of flooding 
and the exposure of new white phosphorus 
by erosion, the continued advancement of this 
drainage ditch should be arrested by installa- 
Lion of a tide gate. A tide gate would reu1tin 
better drying of -the south side of the pond 
and help possible future remediation actions 
in Area CID. 

Pond 258 and 256 (Northern A) 
Pond 258 dried considerably more this yçar 

than last year (Fig 111-2-14,111-2-18, and III-2- 

19) Loss from planted white phosphorus par- 
ticles was 50% No white phosphorus was 
detected in the 17 additional grid composite 
samples collected this year. Extensive com- 
posite sampling last year and this year1 phis 
the discrete samples collected previously, 
show that this pond had some white phos- 
phorus contathination, but its distribution is 

very sporadic.. Unlike Area ç, Bread Truck 
Pond, arid Racine Island, we have not located 
hQtspots that we can resample: to monitor con- 
cenfration declines over the long term 

Pond 256 dried less than Pond 258, but loss 
of white phosphorus from the planted par- 
tides was similar (48%). 

Pond 730 
,. This pond experienced frequent fleoding 
from the Bread Truck ditch that constantly 
rewetted the drying sediments (Fig III-2-14) 

Some drying did occur as thç sediment con- 
solidated and cracked (Fig. III-2-13). Loss of 
white phosphorus from the.planted particles 
was 52, 62, and 21%. Wè did not detect white 
phosphorus in the 10 grid composite samples 
collected from this pond. 

Pumping thlÈ pond facilitated our ability 
to sample in the CID Area. We found one 
hotspot (localized area of contamination) in 
.Pond 75, north of Pond 730. Mortality data 
from the telemetry mallards suggest that 
ponds northeast of Pond 730 maybe contami- 
nated. 

i 

Figure 111-2-1 8 Ground view of Pond 258 in early July 1999 (Photo 

courtesy of Terry Edwards, Welt/in Construction.) 
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Figure fil-2-19. Desiccation cracks in Pond 258 in early July1999. (Phoft 
courtesy of Terry Edwards, Weldin Construction.) 

CONCLUSIONS 

Pond pumping has been a major success 
in Pond 183 ofArea C. White phosphorus con- 
tamination levels have declined dramatically 
and it may be undetectable in a few years. 
Present levels of white phosphorus contanti- 
nation measured in Pond 183 indicate that 
there is little likelihood that hazardous 
amounts of white phosphorus particles re- 
main. Ponds 155 and 146, which are east of 
Pond 183, still contain white phpsphorus at 
hazardous levels. We hope that deepening of 
the sump in Pond 146 will enhance the dry- 
ing of these ponds. Pond 258 in Area A dried 
significantly because of pumping, but Pond 
730 in Area CID was frequently flooded by 
tidal water from the Bread Truck ditch. 

The north side of the Bread Truck Pond 
dried because of drainage through the blasted 
ditch, and as a result white phosphorus in the 
surface sediment has declined significantly. 
However, continuing advancement of the 
ditch exposed at least one white phosphorus 
mortar round in the gully wall. White phos- 
phorus was detectable in sediment around 
and downstream from this round. Decontami- 

s 

nation of the south side of the Bread Truck 
Pond is slow owing to poor drainage and fre- 
quent flooding. 
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III-3. COMPOSITE SAMPLING AND ANALYSIS FOR 
WHITE PHOSPHORUS IN UNTREATED PONDS 

Marianne E. Walsh, Çharles M. Collins, and Ronald N. Bailey 
U.S. Army Engineer Research and Development Center, Cold Regions 
Research and Engineering Laboratoiçy, Hanover, NH 

INTRODUCTION 

During the initial effort (1990-1992) to lo- 
cate white phosphorus contaminated ponds 
at ERE, sediment sampling was integrated 
with a waterfowl observation study. Avian 
ecologists watched for early signs of white 
phosphorus poisoning among flocks of dab- 
bling ducks. With this approach, Area C 
(Ponds 183 and 146) and the Bread Truck Pond 
were quickly recognized as principal sources 
of poisoning (Fig. III-3-1). In these two fre- 
quently used waterfowl feeding areas, preda- 
tion rates, carcass counts, and crater densities 
were high, and white phosphorus was found 
ht many of the sediment samples collected. 
High carcass counts, crater densities, and 
white phosphorus concentrations were also 
co-located in Ponds 293 and 297 on Racine 
Island. Although these small ponds were 

never recognized as prime waterfowl feeding 
locations, the concentrations of white phos- 
phonis were so high that most birds that fed 
here were probably poisoned. Because of the 
certain relationship between high white phos- 
phorus cOncentrations and high rates of 
waterfowl poisonings, Area C was drained by 
pumping and Racine Island and Bread Truck 
pond were drained by ditching. 

The significance ofAreas A and CID (Fig. 
m-3-i, III-3-2) as sources of waterfowl p oison- 
ing is less clear. White phosphorus has been 
detected in the permanent ponds of both areas, 
but concentrations and detection frequencies 
have been low. Both areas contain extensive 
bulrush marsh that makes each area very 
attractive to waterfowl. The dues that led us 
to hot spots in Area C, the Bread Truck Pond, 
and Racine Island are absent in Areas A and 
CID. In Area A, crater density is highest on 

c ..- -_;;r .. r ;-- . *-- 
,- F-- 

- _____j 
j-.. .,.=___ .- PtD, d-- '- ' - JseaAL Area C 

,, t - 

: 
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Figure 111-3-1 Aerial oblique color-infrared photo looking N of Eagle River 
FIats, 17 August 1999 
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Figure 111-3-2 Looking across to Pond 226 from west showing pond marsh 

complex in Northern Area A. 

the mudflat Sd in the intermittent ponds that 
are to the east of the pérmaneñt ponds Area 
CiD, which is in thé buffer zone of the im- 
pact area, has low crater density. Howeveì 
eveñ if the perm axient ponds Lwere not born- 
bathed by white phosphorus shells, isolated 
hotspots may be present because of the prox- 
imity of the permanent ponds to neighboring 
heavily impacted areas. Mortality of eIem- 
etry birds with confirmed white phosphorus 
in their gizzards indicates that such hotspots 
may exist in Area CID and possibly Area A. 

METHODS 

We collected composite samples consistmg 
of 31-mL subsamples taken at the nodes of a 
1.82-m square grid. Each composite wasmade 
upof a maximum of-48 subsam-ples that we 
collected to a depth of 10 cm-using ari Oakfield 
corer The outside dimensions of each gridded 
area was 5.46 m wide and up to 20.02 m long. 
The spacing between composite samples was 
governed by the shapes of the ponds. 

C/tv and Coastal East 
Most ofthe pondsofAreaCID are notwell 

definéd (Fig III-3-3). The pond are located 
wit1iiÌt a marsh complex and the boundaries 
Of -the ponds- häve changed since they wOre 
first mapped in 1996. Part ofthis change may 
be attributable to altered hydrology resulting 
from the ditch in the Bread Truck Pond to the 
west. Vegetation growth ardbeaver activity 
have also altered the pond dimensions. 

We collected 13 compoite samples in open 
waS habitats north and west of Pond 730 

(Fig. -III-3-3) in a previously unsainpled area. 
We reasoned that locations closer to the Bread 
Truck Pond and target would more likely be 
contaminated than locations closer to the 
shore (buffer zone). Most of the samples were 
not within previously mapped ponds. 

We also collected sampies from Ponds 85 
and 112,bothofwhichweredesignated as hot 
ponds m the Remedial Investigation Report 
(C}42MHi11 1997). The open water area of 
Pond 85 has decreased markedly since the 
pond was mapped in 1996. Most of what was 
mapped as open water in 1996 is now vegeta- 
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Figure III-3-3. Aerial color-infrared photo of Area CID (17 August 1999), 
showing locations of composite samples taken in 1999. 

tian. We were able to collect two 5.46-x 20.02- 
m grid composites from this pond. Pond 112 
was too deep to sample with the Oalcfield 
corer. We sampled from the pond edge using 
the 250-mL long-handled scoop originally 
designed for the post-dredge sampling (M.R. 
Walsh and Collins 1997). 

Pond 511 (C S wale) 
Pond 511 is located on the west side of Area 

C (Fig. III-3-1, UI-3-4, and III-3-S) near the 
Eagle Rivet Although this pond is not per- 
manently flooded, white phosphorus con- 
tamination was found within the pond in 1992 
(sample 1095, 0.14 j.tglg). We sampled here 
because we observed ducks using this pond 
and we wanted to determine if white phos- 
phorus was still detectable. We collected four 
composite samples, each containing 48 
sub samples. 

Pond 680 (Racine Island) 
Pond 680 is located on Racine Island (Fig. 

III-3-1 and III-3-6) and was not previously 
sampled. The pond's location on Racine Is- 
land, where severely contaminated ponds 

were found, prompted us to sample there. 
Five composite samples, each composed of 48 
subsamples, were collected. 

Pond 226 and 228 (Northern A) 
Ponds 226 (0.54hä) and 228 (0.74ha) (Fig. 

m-3-1 and III-3-7) were both designated as hot 
ponds in the Remedial Investigation Report 
(C}42MTh11 1997). Because white phosphorus 
was detected previously in discrete samples 
in Pond 226, we intensively sampled this 
pond (23 composite samples) in an effort to 
find hotspots. 

Pond 228 was not sampled previously, 
probably because water depth was too great 
to allow access on foot. Pumping of ponds in 
Area A to the south appeared to thaw down 
the water to allow us to collect nine compos- 
ite samples. 

RESULTS AND DISCUSSION 

CID and Coastal East 
Of the 13 composite samples we collected 

to the north and west of Pond 730, only one 
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Figure 111-3 -6 Aerial color-infrared photo of the west side of Racine Island, 
showing location of composite samples (shown as dark rectangles) in Pond 
680 (left side of photo). The drainage ditch is on the right of the photo. Out- 
lines of mapped ponds are shown as dark lines. 
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Figure III-3 -7. Aerial view (September 1999) of Area A, looking south, show- 
ing ponds 226 and 228 in foreground 
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was positive. Sample CD4 (Fig.. III-3-3 and III- 
3-S) was located within Pond 75 and the con- 
centration was suffiaently high to be of con- 
cern Maximum possible concentration for a 
subsample within a composite sample caribe 
calculated by multiplying the comiòsite 
sample concentration by the number of 
subsample s making up the composite Given 
that the composite concentration was 0 03 

igIg and that there were 48 subsamples, the 
maximum possible concentration m a sub- 
samplewouldbel 4j.tg/g Previously,wehave 
observed that sediment samples with white 
phosphorus concentrations above i igIg fre- 
quently contain macroscopic white phospho- 
rus particles, the form lethal to waterfowl; 

Further sampling of the C/D area appears 
to be necessary, on the basis of the number of 
telemetry mallard mortalities.in this area that. 
had white phosphorus in their gizzards. Sam- 
pling and remediation of C/D are difficult, 
owing to the noñcontiguoS pattern of both 
opèn water and contamination. 

Pond 511 (C Swale) 
Waterfowl were using Pond 511 as we ap- 

proaclae4 to s4plç the sediment. The pond 
was so shallow that the surface sediment was 
grooved vhere ducks had slid along on their 
undezsidbs 

The open wäter area of this pond was also 
less than what was originally mapped We col- 

lected four grid composites along the long axis 
bisecting present open water area None of the 
composites had detectable white phosphorus 

Pond 680 (Racine Island) 
Pond 680 's also ashallowpond (Fig ffl-3- 

6 and III-S-9), and the sediment was consoli- 
dated, leading us to believe that the pond 
dnes outpenodically Whitephosphorus was 
not detected in any of the five composite 
samples collected. 

Pcnd 226 and 228 (Northern A).. 

Ponds 226 and 228 were both difficult to 
sample because of unconsolidated sediment 
and deep water (up to 50 cm). White phos- 
phorus was previously detected in discrete 
samples taken from Pond 226 and, while we 
weré sampling, we discovered three water- 
fowl skeletons in the vegetation surrounding 

- '- 
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Figure ff1-S-S Ground view of Pond 75, from which a positive (003 1ug/g) 

composite sample was collected in Area C/D-Coastal East. 
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Figure 111-3-9. Ground view of Pond 680 on Racine Island with Sherri But- 
ters clearing of ordnance. 

95 

the ponds. Of the 23 composite samples we The pattern of contamination in these two 
collected from Pond 226, one was positive in ponds was typical of what we have found in 
the middle of the pond (0.006 j.tglg) (Pig. III- the permanent ponds of Area A: white phos- 
3-10). None of the samples in Pond 228 were phorus is sporadically found at low coreen- 
positive. trations. 
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Figure III-3-10. Map of 
Northern Area A Ponds 226 
and 228, showing composite 
samples taken in 1999. Only 
one sample had detectable 
white phosphorus (location 
shown as red or darker rect- 
angle in Pond 226). 
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CONCLUSIONS 

EAGLE RiVER FLATS FY 99 

At many remediation projects, the residual 
contamination that remains after the bulk has 
been removed is often the most difficult 
to address. At Eagle River Flats, we have lo- 
cated and are treating areas where contanti- 
nation was seveie and wideapread. How- 
ever, isolated pockets of contaminatioh may 
sfili be present in relatively clean areas. 
Ducks that are obligated to feed in the sédi- 
ment unfortunately may encounter these 
hotspots. 

Our composite sampling m Areas A and 
CID show that contamination is present but 
sporadic. Only two sämpies were positive. 

One positive sample was in Pond 75 and the 
other was in Pond 226 (Area A). Because sig- 
nificant mortality of telemetry mallards ap- 
pears to be linked to Area CiD and the bul- 
rush marsh of northern C, future sampling 
efforts wifi concentrate in these areas. Future 
sampling locations in Area A are harder to 
determine. 
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T III-4. 1999 WEATHER DATA FOR 
EAGLE RIVER FLATS 

L Charles M. Collins 
U.S. Army tEngineer Research and Developipent Center, Cold Regions 

LResearch and Engineering Laboratory Hanover, NH 

i 

INTRODUCTION 

Weather is oné of the two main driving 
forces affecting ain-iost all physical and bio- 
logical processes in Eagle River Hats, the other 
being the tides. Both phenomena detente 
how effective cleanup procedures wifi be that 
depend on natural drying of pond bottom 
sediments. To quañtify local weather condi- 
fions in Eagle River Flats and determine their 
effect on potential remediation strategies, a 
meteorological data station was installed at 
the edge of the EOD pad in May 1994 (Haugen 
1995) and air temperature, radiation, precipi- 
talion, and evaporation data have beencol- 
lected every sunmer since then. In 1998 the 
meteorological station was revamped with a 
new, higher 4-m tower and updated sensors 
and data collection procedures (Collins 1999). 
We wanted to automate the data collection 
procedure so that timely meteorological data 
were made available to all the personnel con- 
ducting research in ERF. Via a cell phone con- 
nection,the data were downloadedautomati- 
cally each day to a computer at CRREL- 
Hanover. Additionally, dataloggers installed 
in several of the ponds being treated in ERE 
were linked to the meteorological station by 
racho telemetry so that soil moisture condf- 
fions could also be monitored remotely The 
data from the four remote sites were tran 
n-iitted to the meteorological station, stored, 
and then transmitted daily along with the 
meteorologicaldata. The daily meteorologi- 
cal data andthe data from the treated ponds 
were displayed on the Eagle Rivei Flats Web 

Page, linked to the CRREL Public Web site 
(Coffins 1999). 

METEOROLOGICAL STATION 

The meteorological station is located on a 
small gravel pad extending into the salt marsh 
off the edge of the EOD pad. A 4-m tower al- 
lows the wind speed and direction instrunien- 
talion to be placed high enough to be above 
any effects caused by the edge of the nearby 
EOD pad. The 4-m guyed tower has a wind 
anemometer that records wind direction and 
speed mounted on top, air temperature and 
relative humidity sensors located at 2- and 0.5- 
m heights, and incoming and reflected radia- 
lion sensors. Awbite fiberglass enclosure con- 
tains the Campbell Scientific CR10 datalogger 
and storage module, a modem, a radio 
receiver, and a cell phone. The racho receiver 
allowed communications between the station 
and four remote datalogger sites located in 
treated ponds. The modem and the cell phone 
allowed the meteorological data to be down- 
loaded daily from the datalogger arid trans- 
ferred to a computer server at CRREL- 
Hariovet The antenna for the radio receiver 
linking the remote dataloggers at the sedi- 
ment monitoring sites is attached to the top 
of the 4-m tower, along with an antenna for 
the cell phone. A precipitation gage is located 
on a separate stand, 3 m to the east of the 
tower. A standard 122-m (48-in.) diameter 
evaporation pan is located 3 mt9 the west of 
the tower. A Druck pressure. transducer 
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Table III-4-t Summary of meteorological station instruments and the parameters 
measured. 

Instrument 

R.M. Young Wmd Anemometer, 4m height 

(2) Ab temgérature sensors, 2m & 05 m heights 

(2) Relative Humiditysensors. 2 m & 05m heights 

(2) Epply radiation (03-3 im) sensors, incident & reflected 

Tipping bucket ram gage 

Druck 357/D pressure transducer 

mounted On the bottom of the evaporation 
pan measùres water depth A 12-V deèp ¿ycle 
lead-add battery powers the station and a 

solár panel mounted on the to*er keeps the 
battery charged The instruments of the 
meteorological station are sümmarized in 
Table III-44. 

RESULTS 
:. 

The theteoro1ogical station was restarted 
for the sunither season on 5 June 1999. We 
would have liked to start tI a little earlier in 
the season/by mad-May, but were uhable to 
because of time constramts and other, higher 
pnorities Although the station ranthe enlire 
sinnmer -until 17 Sej,tember, several techni- 
cal problems prevented the timely transmit- 
ting and pdstmg of the data to the Eagle River 
Flats Web page Various problems with the 
cell phone connection m the field and prob- 
lems with the database proram on the corn- 
puter server and the Web site in Hanover all 

Parameter measured 

Average -wind âpeed (mis) 
Average wind direction (mis) 
Peak wind speed (mis) 
Time of peak wind speed 

Avage 2m temperature ('C) 
Maximum 2m temperature ('C) 
Minimum 2m temperature ('C) 
Average 0.5 m temperature ('C) 
Maximum 0-5m temperature ('C) 
Minimum 0.5 m temperature ('C) 

Average 2 m relative humidity ('k) 
Maximum 2m rela Uve humidity (%) 

Minimum 2m relative humidity (%) 

Average 0.5 m relative ht!midity (%) 
Maximum 0.5 m relative humidity (%) 

Minimum 0.5 mrelaflveiThmidity (%) 

4 etage short *ave incident radiation (W/m1) 
Average short wave reflectéd radiation (W/m2) 

Tippingbucket 15-min precipitation (ulm) - 

Tipping bucket total daily pnecpitation (mm) 

Evaporation pan water level 13-min sample 
Evaporation pan water level 15-min average 

contributed to preventing the system from 
providing the timely data for which we were 
hoping. Even though the meteorological and 
soil moisture data were not displayed on the 
Web-site, all' data collected were stored in the 
storage modules of the data lOggers and 
manually retrieved later 

Another problem that developed was not 
noticed until late in the season. Spides 
infested the precipitation sensor, spinning 
webs that choked it and prevented it from ac 

curatelymeasuring precipitation: The precipi- 
tation that waé meaèired greatly under- 
reported the actpai. rainfall (Table m-4-2) . To 

present a more accuratepii±ure of rainfalithis 
summer, the precipitation record from July 
onward was reconstructed using the evapo- 
rallan pan data. The 48-in. evapòration pan 
recorded water levels hourly and precipita- 
Hon caused an increase in water level. The 
reconstructed precipitation record, while not 
exact, compares favorably with other records 
from the Anchorage Bowl area, such as Merrill 
Field, International Airport, and Elmendorf. 
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III-4. 1999 WEATHER DATA FOR EAGLE RIVER FLATS 

Table 1114-2. Monthly sumthary.of temperatures and precipitatiòn for Eagle 
River flats and Anchorage showing the 1999 monthly (or partial monthly) 
average temperatuiçs for both sitès; the normal average temperatures for An- 
chorage, the monthly total measured and reconstructed precipitation for ERF, 
and the monthly total and normal verage precipitation for Anchorage 

Rainfall (mm) 
Temperature «C) 

ERE ERE 
Anch Anch ERF Anch Anch 1999 1999 
normai 1999 1999 normal 1999 measured reconstructed 

May &1 7.7 - 1.8.5 - 23.6 

5-30 June - 13.3 13.2 18.0 24-O 24 

June 124 13.0 - 29.0 25.1 -. 

July 14.7 14.7 133 43.4 54.4 24.4 57 

August 13.5 13.9 123 62.0 1204 11.9 12 

1-17 Sept 10.4 10.9 9.1 38.9 61.0 0.3 41 

September 9.1 9.4 - 68.6 8213 - - 

CLIMATE SUMMARY mum, and average air temperatures for the 
summer There were 30 days during the sum- 

The summer of 1999 had normal to slizhtiv mer with maximum temneratures nf 20°C nr 
above-normal temperatures from Tunde more. iiscompreiiïaJuh 
through September Precipitation was below 
normal in Jurie, slightly above normal in July, 
and considerably above normal i-i August and 
the first half of September Table HI-4-2 shows 
the Jurie through Septembèr monthly total 
rainfall for Eagle River Flats and for the 
National Weather Service (NWS) station at 
Anchorage, the normal mônthly-. rainfall for 
Anchorage, the monthly verage tempera- 
tures for ERF and Anchorage, and the normal 
monthly temperatures for Anchorage. The 
NWS Anchorage data are presented along 
with the Eagle River Flats data since we do 
not have a long-term äverage for the Eagle 
River Flats climatic site. - 

May and June are normally the driest 
months of the core drying season needed for 
treatment of contaminated pond bottom sedi- 
ments. The cooler weather and flooding tides 
of May eliminated any effective drying that 
month, but June and the first week - of July 
provided near ideal drying conditions. - Fig- 
ure III-4-1 is a plot of the maximum, mini- 

the entire summer of 1998. 
Precipitation iñ August was also well 

above nonnal. Figure III-4-2 is a plot of pre- 
cipitation and net evaporation for the sum- 
mer of 1999 in Eagle River Flats. The evapo- 
ration plot shows the very dry conditions 
during June and thé first part of July. After 9 
July, the net evaporation rate decreased dra- 
matically because of the increased rainfall, 
more complete cloud cover, and resulting 
decreased evaporation. Several large rainfall 
events occurred in August with 25 mm (1 in.) 
falling on 13 August. 

The daily climate data for the entire sum- 
mer season are summarized in Table III-4-3. 
The more detailed climatic data that include 
all the 15-minute observations and additional 
measured parameters are available from 
CRREL in an Excel spreadsheet format if 
needed. - 

Problems with the Web site have been 
worked out and an improved radio modem 
link to a phone line, replacing the problem- 

-1 ------------ -------- ------- ------- - ---- 
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.. Figure IU-4-1 Plot of maximum, minimum, and average daily air 

temperature for Eagle River Flats. There were 30 days during the 

summer of 1999 with maximum temperatures of 20°C and over. This 

compares to only18 days chiring the summer of 1998. 
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Figïre IiI-4-j. flot df jirecipilation and net ezaporation for the sumr 

mer of 1999 in Eagle River Flats The evaporation plot shows the 

very dr condítioñs during the first partOf the summer and the in- 

creased rainfall and detreaseci evaporatIon after 9 July. 
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LTable ITT-4-3. Daily climatic data for the Eagle River Flats meteorological station during June- 
September 1999. 

Radiation 
Air Air Air Wind Wind (0.3 to 3 um) 

temp. temp. temp. RH speed speed 
maximum average minimum average average mqximum Incident Reflected 

Date (°C) (°C) (T) (%) (mis) (misi (Win,2) (W/m2) 

5-Jun 21.6 12.4 -0.3 49 1.96 6.1 34.4O 40.20 
6-Jun 20.9 13.0 2.1 51 1.77 6.34 336.10 39.50 
7-Jun 19.3 11.9 1.0 59 1.56 4.81 243.14 2.15 
8-Jun 20.0 13.9 4.3 56 1.73 4.69 306.43 36.38 
9-Jun 22.6 14.8 5.8 54 2,06 9.79 283.85 34.98 

10-Jun 21.6 14.5 2.2 47 2.11 5.86 345.55 42.56 
11-Jun 18.9 12.0 1.2 59 1.84 6.10 344.92 43.08 
12-Jun 24.7 13.8 0.3 60 1.20 4.54 330.10 40.55 
13-Jun 24.5 15.9 4.4 54 2.33 9.61 333.98 41.38 
14-Jun 18.7 14.4 6.2 65 1.41 4.48 203.22 22,78 
15-Jun 21.7 15.5 9.7 70 1.28 4.62 224.41 25.24 
16-Jun 22.9 15.8 10.5 73 1.18 7.18 197.26 22.18 
17-Jun 16.7 12.8 9.7 83 1.30 4.37 162.08 19.09 
18-Jun 19.5 132 6.8 73 1.32 5.13 275.95 34.04 
19-Jun 17.1 12.8 6.4 75 1.16 8.91 152.22 16.91 
20-Jun 9.9 8.6 7.4 88 1,43 1.38 66.64 7.19 
21-Jun 16.1 11.2 5.5 72 1.11 4.68 215.99 26.20 
22-Jun 16.3 11.9 7.4 76 1.00 4.68 143.17 17,48 
23-Jun 19.4 13,4 8.2 69 1.73 4.70 300.06 38.57 
24-Jun 19.0 12.5 3.6 70 1.41 6.10 209.02 25.58 
25-Jun 16.0 12.1 8.5 73 1.25 5.36 148.44 19.05 
26-Jun 17.2 123 9.0 73 1.29 4.66 200.01 26.40 
27-jun 15.5 12.4 9.0 74 0.95 3.90 107.73 12.64 
7R-Tiin 700 141 S7 1gQ RÇQ 21Sfl 4fl7 ;J; ;3; ; ; '79 132 1539 916 2414 
30-Jun . 20.2 14.7 9.2 64 1.45 5.64 312.99 41.22 

- . .. 
: 

1-J'_1,1 21.0 154 9.8 70 1.62 - 5.73 286.34 38.58 
i 2-Jul 25.0 15.6 6.1 68 1.42 4.70 323.92 42.76 

3-Jul 26.4 18.0 8.1 66 1.34 4.24 339.07 42.59 

T' 4-Jul 26.8 19.0 9.3 65 1.15 3.69 259.96 35.11 

i 

5-Jul 24.6 17.6 9.1 63 1.18 4.38 217.85 29.29 
Li_i 6-Jul 21.8 16.4 8.2 59 1.51 6.39 25534 33.94 

7-Jul 19.7 13.9 75 73 1.92 5.97 286.32 40.05 
8-Jal 14.2 11.4 6.1 83 1.06 4.00 80.16 - . 

9.74 

rr 9-Jul 19.9 14.5 9.5 69 1.17 4.68 221.45 29.42 

u- 10-Jul 20.7 14.8 6.6 69 1.44 4.64 237.88 32.71 
11-Jul 18.1 14.0 10.9 82 1.01 4.38 124.87 15.25 
12-Jul 17.7 13.6 9.0 75 1.59 4.06 178.80 23.08 

E. 13-Jul 20.8 13.5 4.8 69 1.50 4.45 292.35 38.92 

J, 14-Jul 21.1 15.3 9.1 73 1.12 4.90 197.32 25.51 
15-Jul 16.3 12.9 93 90 1.25 4.23 74.23 8.49 
16-Jal 15,7 12.4 10.3 86 1.12 4.30 120.77 14.91 

IT 17-Jul 15.1 11.7 9.0 88 0.73 3.94 98.85 12.07 
18-Jul 12.3 10.2 5.2 91 0.87 3.68 83.36 9.36 .- 
19-Jul 14.7 11.9 6.6 88 0.86 3.86 98.63 11.85 
20-Jul 18.8 13.6 10.3 79 1.42 6.26 101.84 13.55 

:T 21-Jul 18.2 13.3 8.1 65 2.53 10.14 207.52 . 28.07 

I. 
22-Jal 19.7 14.0 7.8 63 1.36 4.56 283.05 38.23 
23-Jul 21.5 13.2 3.5 68 1.32 4.51 223.54 29.05 
24-Jul 14.7 13.1 11.3 87 0.94 4.01 61.42 6.30 
25-Jul 14.5 12.3 9.9 90 0.74 3.50 62.03 6.7 

J 
L 26-Jul 15.1 12.5 9.4 87 0.88 4.26 108.68 13.11 

27-Jul 13.3 11.1 8.9 86 124 5.29 80.59 9.64 
28-Jul 20,3 12.3 3.3 76 0.99 3.98 234.13 30.63 

T' 29-Jul 16.4 12.5 9.1 84 1.22 8.38 41.28 4.13 
i i 30-Jul 17.8 14.7 10.7 77 1.28 10.31 74.48 7.97 

31-Jul 22.1 
. 55 75 130 4.26 251.52 32.51 

- k-4,- - . 

-. 
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Table 1114-3 (cont'd). Daily climatic data for Eagle ltìvèr Flats meteorological station during 
June-September 1999. 

Date 

Atr 

. 

ten7,. 
maximum 

(SC) 

Air 
temp. 

average 
. (C) 

Air 
temp. 

rniflimtmi 

(C) 

RH 
average 

(%) 

Wind 
speed 

average 
(rn/c) 

Wind 
speed 

maximum 
(mis) 

Radiation 
(0.3 to 3 pm) 

Incident Reflected 

(W/m2) (W/m2) 

1-Aug 15.5 13.4 9.7 85 0.84 . 3.80 66.89 7.31 

2-Aug 18.9 145 11.5 90 0.97 3.66 103.65 12.88 

3-Aug 252 15.3 7.0 77 1JG 6.04 195.84 25.72 

4-Aug 22.7 16.0 8.1 67 1.34 5.70 154.78 22,48 

5-Aug 15.5 13.5 10.9 92 0.70 3.04 66.66 6.71 

6-Aug .. 17.2 14.3 11.3 90 0.57 3.89 86:12 9.58 

7-Aug 17.7 13.5 11.3 91 LOO 4.13 101.25 12.39 

8-Aug 13.5 11.7 10.2 90 0.89 3.28 49.28 3.28 

9-Aug 181 12.8 . 8.8 85 0.88 4.39 160.73 19.88 

10-Aug 18.9 12.8 7.2 77 1.23 5.17 198.01 26.05 

11-Aug 17,8 13.1 9.1 80 1.17 4.90 159.80 20.15 

12-Aug 14.4 72.7 10.9 94 0.95 4.26 35.81 3.12 

13-Aug . 20.3 143 9.2 83 1.10 4.83 201.06 27.19 

14-Aug 132 . 9.8 SA 88 0.67 3.32 32.57 3.76 

15-Aug 14.7 11.1 8.5 91 0.0 3.06 96.82 10.36 

16-Aug 20.5 12.8 5.4 83 1.21 4.63 218.97 29.90 

17-Aug 22.7 13.6 5.4 78 1.04 3.55 230.79 29.81 

18-Aug 21.6 13.6 . 5.3 77 1.23 6.12 205.91 29.39 

19-Aug 14.5 12.1 3.8 87 0.94 5.55 61.04 6.98 

20-Aug 14.5 10.9 5.4 84 0.88 . 6.16 76.22 8A2 

21-Aug 13.8 9.7 6.3 87 0.58 2.72 71.38 7.97 

22-Aug 15.9 10.1 4.8 84 0.92 3.69 120.36 14.66 

fl-Aug 17.3 10.3 4.8 83 1.01 5.98 146.76 18.72 

24-Aug . 17.1 10.3 2.4 80 1.04 4.84 196.24 25.58 

25-Aug . 11.4 10.0 8.4 93 0.71 3.18 37.85 3.45 

26-Aug . 16.3 1ù.7 6.4 83 Q.73 .3.81. 153.60 21.12 

27-Aug 16.9 11.6 5.7 81 0.93 4.06 174.86 24.56 

28-Aug 21.7 10.5 -0.1 73 1.24 6.55 202.63 28.72 

29-Aug 18.1 10.4 1.8 75 Ò.6 4.50 157.89 21.07 

30-Aug 15.3 11.3 8.6 84 0.84 3.82 86.10 9.47 

31-Aug 18.6 122 6.9 71 1.86 8.74 163.13 22.18 

I-Sep 16.4 12.5 8.7 74 2.14 10.77 53.01 3.50 

2-Sep 11:5 9.2 6.9 93 0.75 3.56 20.21 1.41 

3-Sep 11.5 9.0 6.9 84 2.95 8.79 66.13 8.10 

4-Sep 14.7 9.5 6.1 1.i4 4.49 131.67 17.74 

5-Sep 13.3 8.3 4.6 85 Ò.91 364 133.64 19.40 

6-Sep 18.3 8.5 -0.5 78 0.70 3.18 177.16 25.03 

?Sep 15.3 9.2 2.8 82 0.77 3.56 127.09 17.27 

8-Sep . 16.0 8.4 2.3 83 0.73 3.61 141:67 20.30 

9-Sep 15.4 8.2 . 
-0.1 84 0.70 3.fl 126.98 16.33 

10-Sep 18.3 9.4 1.0 73 1.26 7.00 166.84 24.08 

li-Sep 16.9 9.2 4.0 79 0.84 3.45 136.14 18.76 

12-Sep 10.2 7.7 2.8 92 0.66 3.13 28.07 2.74 

13-Sep 14.7 10.5 2.6 78 1.63 11.78 . 61.40 6.80 

14-Sep 10.3 5.5 0.3 91 0.69 2.97 41.68 4.42 

15-Sep 11.4 8.8 6.1 91 1.51 4.68 39.72 .3.82 

16-Sep 13.7 9.4 5.2 84 0.81 3.65 80.86 8.58 

17-Sep 18.6 11.5 62 67 2.13 10.72 63.61 7.60 
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Latic cell phone connection, wifi be put into Eagle River Fiats, Alaska (G.M. Gollins 
place next spring We are looking forward to and M J Hardenberg, Eds ) GRREL Gontract 

r- amuchsmoothernmningmeteorologicalsta- Report to U.S. Army, Alaska; Directorate 
L lion next season that wifi allow the weather of Public Works. FY98 Final Report1 pp. 99- 

data to be posted daily to the Eagle River Flats 107. 
Website. 

L Haugen, 11K. (1995) Climate and tides. In 
Interagency expanded site investigatipn: 

h 
L. 

REFERENCES Evaluation of white phosphorus còntamina- 
fon and potential treatabiity at Eagle River 

Collins, C.M. (1999) Weather data for Eagle Flats, Alaska (G.H. Raciné and D. Gate, Eds.). 
River Flats In Interagency expanded site rn. CRREL Contract Report to U S Army, Alaska, 
vestigation Evaluation of white phosphorus Directorate of Public Works FY94 Final Re- 
contamination and potential treatability at port, Vol 1, pp 187-200 
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IV-1. POND PUMPJNG-ÙITCHING AND 
HABITAT CHANGE ON EAGLE RIVER FLATS 

Charles H. Racine 
U.S. Army Engineer Research andDevelopment Center, Cold Regions 
Research and Engineering Laboratory, Hanover, NH 

INTRODUCTION 

ERF is a small sample of several salt 
marshes on Cook Inlet that provide ,iipor- 
tant habitat to migrating geese, ducks, and 
swans, in addition to a broad range ôf other 
species. During the sprirg and failmigration, 
thousands of dabbling ducks, shorebirds, and 
30-100 swans use the limited pond habitat on 
ERF (15% of saltmarsh) for feeding and rest- 
Ing. In the ponds, waterfowl feed on plant 
seeds, rhizomes, and invertebrates in the bot- 
tom sediments. In addition, emergent vegeta- 
lion in these ponds provides cover and pro- 
tection from abundant predators (eagles and 
other raptors). 

Because the bottom sediments of some per- 
manent ponds have become contaminated 
with highly toxic particles of white phospho- 
rus, both dabbling ducks and swans are poi- 
sorted. To remediate 5f problem (cause the 
sublimation of these particles), several penna- 
nent ponds have been drained over the past 
4 years, using either drainage, ditches con- 
structed with explosives or large floating 
pumps installed in a sump hole blasted into 
the pond bottom. A total of rdne permanent 
ponds have been treated by pumping or ditch- 
ing between 1996 and 1999. These ponds cover 
an area of about 17 ha and represent one-third 
of the permanent pond area on ERF (55 ha). 

Two ponds were ditched using explosives 
in April 1996 (Bread Truck Pond, Pond 109 in 
Fig. IV-1-1) and April 1997 (Racine Island 
Pond, which is rot. shown in Fig. IV-1-1), 
respectivèly. Large. centrifugal pumps have 
been histalled in blasted sun-ip holes in seven 

different ponds apd operated for one to three 
summers beginning in spring (May) and end- 
ing in September or Octobet Four of these 
ponds are shown n Figure IV-1-1 treated by 
pumping for 1 year (Pond 730), 2 years (Ponds 

. 

155 and 146) and 3years (Pond 183). The pond 
water is pumped totgh a large hose rim- 
itg from the pump to the heads of nearby 
tidal creek gullies. In addition smaller drain- 
age lines were dug or blasted through ponds 
to more effectively move water to the sump 
holes. Tide gates were also installed. at the 
heads of several narrow tidal gullies to help 
prevent water movement into the ponds dur- 
ing high tides. 

One effect of pond pumping and draining 
is the loss of flooded pond habitat, at least 
during part of the year in the case of pump- 
ing. In addition, pond dewatering has altered 
the flooding regime, soil moisture conditions, 
and,hydroperiod in treated ponds. The water 
table under and adjacent tote drained ponds 
has also changed (since salt marsh plant spe- 
cies are presumably controlled by soil condi- 
tioris, includmg waterloggmg and salmity 
[Snow arid Vince 19841), changes in species 
composition might be expected to occur as a 
result of pond drainage. Responses could in- 
dude: 

No change in the vegetatiOn in or adja- 
cent to the drained ponds. 
frivasion-colonization of the exposed 
pond bottom by species adapted to drier 
conditions 
Loss of aquatic or emergent vegetation, 
or both 
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Figur4 IV-1-1 Maj of thè study area on the east' side of Eagle River 

Flats, showzrjg ponds treated (sha4ed black with ici) and number of years 

over which treatment has been app/led. 

Because vegetation i a major component 
of habitat and plays a nìajo4 1e in capturing 
sediments, we focus On changes n vegetation 
covei and species that have occurred in and 
in the vicinity of the fivé ponds that hâve been 
treated between 1995 and 1999 (Fig. IV-1-1) 

This study will help answer the quéstion 
of how much and in what direction habitat 
vegetation change is occurring because of the 
remediation effort and whether it is minor, 
major, or lasting in its effect This information 
is nècesarî as part of the Final Remedwtion 

Pían and as an aid in restoring the wetland 
habitat once remediation is complete. This is 

the second year of this effort, although the 
work is related directly to the earlier devel- 
opment f a GIS database for Eagle River 
Flats, initiated in 1991. Other salt marsh 

change analyses have been cOnducted for 
vaijous types of dthttlrbances1 including goose 
overgrazing n ârctic salt marshes Gano et al. 
[998), structural marsh management and 
water control structures in Louisiana (Kuhn 
et al 1999), and mosquito control drainage 
projects in the 1950s in New England (Barrett 
and Niering 1993) 

BACKGROUND ON STUDY AREA 

Zonation is a well-kno*n phenomenon in 
salt marshes and is presumably related to 
changes in salinity, flooding frequency, and 
sedimentation, all ofrMch changeback from 
the coast and rive± in the caseof an estuarine 
salt marsh such as ERF. The zonatiòn pattern 
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Figure W-1-2. Idealized cross section from Eagle River inland, showing 
vegetation and waterfowl zonation. 

in ERE is shown in Figure IV-l-2. A mudflat- 
distributary zone is located closest to the river 
and coast and is replaced inland by a narrow 
sedge meadow and intermittent ponds, and 
permanent pond, sedge marsh, and pond 
zones. Treated ponds are located in the per- 
manent pond, sedge marsh, and pònd zones. 

METHODS 

analysis for 1999 is shown in Figure W-l-1, 
where five different ponds have been treated 
over the past 4 years since spring 1996. Veg- 
etation change was analyzed in and adjacent 
to these treated ponds, and erosional change 
was analyzed for the four tidal creek chan- 
nels that feed water into and drain these 
ponds (Fig. IV-l-1). 

Vegetation change was monitored using 
both field sampling and permanent plots, as 
well as remote sensing methods. 

Themethods for analyzingbothvegetation 
IT and erosional changes were developed in 1998 Plot methods 
_J. (Racine et al. 1999) and applied more exten- In 1992 before active remediation ofthe site 

-r 
sively n this effort The man area of change began, we estabhshed over 400 sample pomts 
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for measurement of vegetation çover, sedi- 
mentationerosion, etc. Each point was sur- 
veyed, as were the TJTM easting and westing 
coordinates and elevation. Vegetation compo- 
sition and cover were estimated in 1- x 1-m 
plots at each of these points and a vertical 
photo of the plot was obtained. Wooden lathe 
stakes were used to mark the position of these 
plots, but over the past 7 years they have been 
lost or destroyed by ice movement, particu- 
larly in the ponds. In 1999 we used real-time 
differential GPS (Trimble Pathfinder XR) to 
relocate or navigate to about 24 of these points 
(Fig. IV-1-3) in the vicinity of the five trèated 
ponds in Figure W-l-l. We then resámpled 
and rephotographed these points to assess 
change during the past 7 years. 

Remote sensing 
We conducted a computer-based spectral 

analysis of digital multispectral video 
(DMSV) intàges from 1995, 1997, and 1999. 

DMSV images were obtained by Aeromap, 
inc. (Anchorage, AK), with four video cam- 
eras mcrunted on an airplane, each with a dif- 

ferent filter recording reflected light from the 
surface (in 1.5- x 1.5-m pixels) at four differ- 
ent wavelengths: 1) Mue-450 am, 2) green- 
550 nm, 3) red-650 um, and 4) near infra- 
red-770 nmor thfrared-990 rim. These 
last two infrared bands are particularly sen- 
sitive to vegetation cover and health. 

A "greenness index" was calculated for 
each pixel in the registered August 1995 and 
August 1999 DMSV images, based on the re- 

qQ 

H 

400 0 400 800 Meters 

Figüre IV-l-3. Location of pdínts and vegetation plots sampled in 1992, relocated, and 

sampled again in 1999 to determine habitat change. 
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flectance of solar radiation in the near infra- 
red (NIR) (770 nm) and red chlorophyll- 
absorbing bands (RED) (650 nm). This "nor- 
malized difference vegetation index or NDVI" 
is calculated as NUVI = (MR RED)/(NIR + 
RED). The NDVI is calculated for each pixel 
of the image for a given year and then any 
difference in the NDVI value from one year 
to the next is seen as an increase or decrease 
in vegetation cover. A low NDVI value indi- 
cates low vegetation cover and appears as 
dark on the images, while a high value is 
bright white. 

RESULTS 

When the plot data are analyzed, it is clear 
that the vegetation in some plots has changed 
dramatically, while there has been little or no 
change in other sites from 1992 to the present. 
We can recognize which species are expand- 
ing. declining, or remaining stable following 
pond pumping or draining. Most of the 
changes in species abundance within the 
drained ponds can be related to changes in 
the flooding or soil moisture regime attribut- 
able to pumping or ditching. 

. It is difficult to relate changes in species 
abundance in intermittent pond areas on the 
outer edge of the drained ponds to pumping 
and ditching in the adjacent permanent pond. 
The bottoms of intermittent ponds are usu- 
ally devoid of vegetatioaother than the em er- 
gent arrowweed. However, in some summers, 
large populations of annual species such as 
the bright red glasswort (Salicornia europea) 
and spurry (Spergularia canadensis) may 
develop on the bare sediments of these ponds 
and on the adjacent mudflats. DuringAugust 
1999, both spurry and giasswort were particu- 
larly abundant along the outer intermittent 
pond edges of C Pond (Pond 183 in Fig. IV-1- 
1). Although we would expect these annuals 
to invade the exposed bottoms of drained 
permanent ponds, there is little evidence that 
this is occurring. 

In permanently flooded pond centers and 
edges, the aquatic submerged species such as 
Zannichellia palustris, Potomogeton pectinatus, 

and Ruppia spiralis are completely dependant 
on continuous submergence, and they disap- 
pear almost immediately following pond 
drainage (Fig. W-1-4). The circular colonies of 
the emergent mare's tall (Hippuris tetraphylla) 
also found in permanently flooded ponds 
decline more slowly, but have been com- 
pletely eliminated from C Pond where this 
species was abundantbefore pumping in 1996 
(Fig. IV-1-5). In the Bread Thiick Pond 109, 
ditched in spring 1996, mare's tail has per- 
sisted in some places but in very poor conci- 
tion (Fig. IV-1-6). This pond continues to 
periodically reflood from the ditch. 

Rainenski's sedge (Qn-ex ramenskii ) forms 
tall, thick, almost pure sedge meadows as 
small clumps and in places continuous bor- 
ders in the pennanent ponds that have been 
drained (Fig. W-1-7). Examination of photos 

Line 11-131992 

3 - 

i 'À -t-;: 

g 

Line Il-13 1999 

Figure IV-1-4. ComparisOn ofa 1992 plot and the 
same plot in 1999. Loss ofsubmexged aqutic spe- 
cies is almost immediatefollowing pond drainage. 
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Line 11-12 1992 

Figure IV-l-5. Loss of Hippurus tetraphylla 
vegetation from l92 to 1999 in al-x I-m quad- 
rant placed in a pond drained by summer pump- 
ing in 1997, 1998, and 1999. -- - 

from 1992 and 1999 indicate that the species 
appears to be very stable and able to with- 
stand the changes in flooding and soil mois- 
turn associated with pond drainage, at least 
during the 3 to 5 years the ponds have been 
drained (Pig. W-1-7). Additional evidence for 
its persistence is observed in some mtermit- 
tent ponds, where patches of Ramenski's 
sedge occur, surrounded by dried and cracked 
sedinteñis (Fig W-l-8). 

There is evidence for the expansion of two 
sedges onto the organic -ediment surface of 
drained ponds such as 146 (Pig. W-1-9). Both 
Mackenzi's sedge (Carex mackenzn) and 
Lyngbyei's sedge (C Iyngbyez) appear to be 
invading the dewatered pond and have. 

Line 10-25 1992 

q 

- Line 10-25 -1999 

Figure IV-1-6. Persistence of Hippurus 
tetraphylla in a poor condition in the Bread Truck 

Pond, winch was ditched rather than pumped and, 
therefore,floods during occasiónal high tides. 

- 

spread m both 1998 and 1999, cfuring which 
tinte this pond was pumped. 

Itis difficult to detect changes in the almost 
mono-specific large areas ofbulrush (Scitpus 
paludosus) marsh bordering the inner side of 
the Bread Truck and C Ponds The few plots 
established in 1992 m this zone did not show 
major change (Fig W-1-10) Surviving vegeta- 
bon m Pond 730, pumped for the first time in 
spring 1999, suggests that the tall green bul- 
rush (Scn pus validus ) was able to resproutby 
late August, but it has been greatly educed 
in abundance. 

Although it was difficult to detect loss of 
bulrush vegetation, remote sensing analysis 
in 1-995,1998, and 1999 suggested a decline in 
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Figure IV-l-7. Plots in ponds with Carex , 

Ramenskn, showing persistence of this species - -i 

after4 years of pumping 
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Figure IV-1-9. Photos of Pond 146 before pumping 
T during 1998 and 1999 and in August 1999, showing 

Ç expansion of sed ges 
- 

- 

EFigure IV-1-8. Ramenskii's sedge persists in an 
intermittent pond that has dried and cracked. 
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August 1995 August 1999 

Line 5-17 1992 Figure IV-1-11 NDVlanalysis of DMSV images cov- 

ering the study area of Eagle River Flats in August 
1995 and mid-August 1999 Darker areas suggest a 
loss or reduced vigor of the vegetation 

Line 5-171999 

Figure W-1-11). Photos of a plot in 1992 and 1999 
of bulrush following only one summer of pond 
pumping between Ponds 146 and 183 Little 
change in bulrush vegetation is apparent here 

vegetation cover in these marshes bordering 
the east side of CPondand Bread Truck Pond 
(Pig W-1-11) Some of this change may have 
been ascribable to the loss of mare's tail, which 
also forms colonies within the bulrush marsh. 
The overall condition cf bulrush vegetation 
may also be declining because of pond drain- 
ing. 

DISCUSSION AND CONCLUSIONS 

Some of the observed changes in vegeta- 
lion and habitat are summarized ¡n Table Pi- 
1-1. While some species such as the sub- 

merged aquatics and mare's tail are fairly 
qiiicicly elimmated by pumping, others, such 
as Ramenslci's and Lyngbyei's sedges, persist 
Ramenski's sedge, in particular, is an impor- 
tant source of forage for grazmg geese. In 
addition, Mackenzii's and Lyngbyei's sedges 
appear to be expanding onto moister sedi- 
ments exposed in the bottoms of some 
pumped-marsh ponds . : : 

The habitat effects of reduced tidal flood- 
ing and inimdation in salt marshes have been 
investigated in other coastal areas. In Alaska 
the i9ó4èatthquake resulted in an uplift of 
i 8-3 4 m in Cooper Ricer Delta salt marshes 
(Thilemtis 1990) Areas that were previously 
intertidal became supratidal, and subtidal 
areas intertidal Lyngbye sedge mvaded much 
of the newly exposed mtertidal areas, while 
shrubs, mcluding alder (Ainus crispa) and 
sweetgale (Myrica gale), invaded the 
supratidal areas Saltwater-mtolerant species 
invaded some of the pond basins 

We can speculate as to whether the aquatic 
sd emergent plant species (submerged ma& 
rophytes and mare's tall), lbstfollowing pond 
dramage, might recover or return once the 
ponds are reflooded (following 3 to 5 years 
and sublimation of the white phosphorus). We 
have observed the consolidation, hardening, 
and cracking of pond bottom sediments, prob- 
ably assodated with the loss of organic mat- 
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[L: Table IV-1-1. Response of several salt marsh plant species to permanent 
pond drainage by habitat and response (lossícontraction, stable/no change, 

fand expansion). 

Dewatered habitat Loss/contraction Stable/no change Erjnrnsion 

FMudflats/Intermittent Annuals? Lpond Pucdnellia 
nutkaensis? 

CareRamenskil Caret Ramensk,i Llawns Cara Lyngbyei 

Permanent ponds Submerged ir aquatics and 
emergent 
I-Uppurus TSedgè marsh Seacoast bulrush LU(Scirpus paludosus)? 

Deep marsh Submerged aquatics Carex mackenzii 

¡T ponds and Mare's tail Cara Lyngbyeii 
Scirpus aniericanus 

ir 
ter, increases in soll salinity, and reduced rates 

L of sedimentation (Anisfeld and Benoit 1997). 
Such changes in the pond bottom sediment 

T texture, hardness, chemistry, and structure 
may limit reestablishment of these species; 
however, we would expect that abundant 

r seeds and possibly rhizomes or corms stored 
in the bottom sediments might germinate and 
grow following reflooding. However, we do 
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not know how long the underground seeds, 
corms, or rhizomes of these species remain 
viable in thebottomsediments of the drained 
ponds. 

The disturbances introduced to ERE by 
pumping and ditching must also be evaluated 
in relation to other natural and man-caused 
disturbances to which this area has been sub- 
ject in the past (Table W-1-2). Natural distur- 

Table IV-1-2. Disturbances that cause habitat changes in the ERF 
saltmarsh. 

Natural disturbances 

1. Earthquakes, subsidence 

2, Volcanic ash deposition 
3. -High tidal amplitudes 
4. High glacial sediment loads in flood tide 
5. Ice shove along tidal creeks 

Anthropogenic disturbances 

1. Artillery craters, surface disturbances 
2. Permanent pond pump and drain 
3. Old vehide dumping 
4. White phosphorus particles 
5. Dredging and sump hole blasting 
6. Ditch construction with explosives 

LI. 7. Foot-trails 
S. Boardwa]ks 
9. Pump hoses 

Effects 

Creation of new ponds, saltwater 
incursion 

Burial and sedimentation 
High rates of erosion 
High rates of sedïmentation 
Create dry ridges and levees 

Small pond creation 
Vegetation loss 
2 

Waterfowl mortality 
More flooding, deeper ponds 
Changed drainage patterns and 

erosion 
Exposed sediments 
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bances and forces include high tidal ranges 
(11 m) and assodated flOoding, high erosion 
rates in sorne tdal creeks (Lawson et al. 1996), 

high sedimentation rates, a subarctic coastal 
climate involving ice forces and an active tec- 

tonic setting (most recently from the 1964 

earthquake, resulting in subsidence of 0.6 to 
0.7 m). Past human disturbances at ERF in- 
clude extensive surface catering from explo- 
sives, introduction of white phosphorus par- 
tides, and dumping of derelict vehicles and 
other debris, all related to U.S. Army artillery 
training over the past 40 years. 
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IV-2. UPDATED SPECIES LIST FOR 
EAGLE RIVER FLATS, ALASKA 

Charles M Collins and Charles H Racine 
U.S. Army Engineer Research and Development Center, Cold Regions 

EResearch and Engineering Laboratory, Hanover, NH 
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INTRODUCTION 

As part of the extensive site investigation 
studies carried out in Eagle River Flats dux- 
ing 1990 through 1995 to evaluate white phos- 
phorus distribution, persistence, and ecologi- 
cal risk, an ecological inventory was 
conducted to better characterize the ecosys- 
tern of this complex 865-ha estuarine salt 
marsh: Results of the inventory were 
described in Racine (1994), Racine and 
Brouillette (1995) and in Operable Unit C, 
Final Remedial Investigation Report (CH2M Hill 
1997). The inventory included a list of vascu- 
lar plant species observed in Eagle River Flats 
that was arranged by landform-vegetation 
class. A list of bird species seen in Eagle River 
Flats was given in Racine et al. (1993) and in 
the Final Remedial Investigation Report (CH2M 
Hill 1997). This was based on observations 
made by L. Reitsma and B. Steele while they 
conducted waterfowl mortality studies. 
Bouwkamp (1995) produced a list of inverte- 
brate species for Eagle River Flats that were 
observed while water and sediment samples 
were collected for studies of the effects of 
white phosphorus on the aquatic ecosytem. 

Here, we present an updated species list 
of birds (Table IV-2-1) and vascular plants. 
(Table IV-2-2) for Eagle River Flats. As moni 
toring studies and remediation efforts have 
been carried out over the last several years, 
additional species have been added to each 
of the two lists. As of 1999 there have been 97 
species of birds observed in or along the bor- 

der of Eagle River Flats, indicating the rich.. 
diversity of this salt marsh complex and the 
important ecological role it plays in the 
Upper Cook Inlet Region. We have also 
included a revised listing of invertebrate spe- 
cies (Table W-2-3), based on Cari Bouwkamp's 
observations (Bouwkamp 1995), as this 
remains the definitive list for this subset of 
the fauna of Eagle River Flats. 
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Table W-Z-1. Birds observed in Eagle River Flats 1991.-1999. Primary observations byE. Steele 

and L. Reitsma 1991-1994. Additional observations by C. M. Collins, M.E. Walsh, and M.R. 

Walsh 1995-1999. Bird species are listed in order of The A. O. LI. Checklist of North American 

Birds, 7th Ed The relative abundance of the species in ERE is based on a combination of 

observations in ERE, Armstrong's (1990) listing for the southcoastál region of Alaska, and the 

Checklist of Alaska Birds (Gibson 1993) (c = common, u = uncommon, r = rare, + = casual or 

accidental, usually only one individual has been seen in ERE B = confirmed breeder in ERE, 

b = probable breeder in ERE) Habitat listed is where the species has been observed or gen- 

erally can be expected to be seen in ERE. Contaminant effect lists which species have been 

most affected by white phosphorus contamination in ERE 

Species 

Red-throated Loon 
Common Loon 
Homed Grebe 
Great Blue Heron 
Tundra Swan 
Trumpeter Swan 
Canada Goose 
Gthater White-fronted Goose 
Sno* Goose 
Brant 
Green-winged Teal 
Miiard 
Northern Pintail 
Bluewinged leal 
Cinnamon Teal 
Northern Shoveler 
Eurasian Widgeon 
American Widgeon 
Ring-neckçd Thick 
Grefler Scaup 
Lesser Scaup 
Common Goldeneye 
Buí f lehead 
Oldsqùaw 
Conton Merganser 
Osprey 
Bald Eagle 
Northern Harrier 
Sharp-shinned Hawk 
Nedthem Gbshawk 
Red-tailed Hawk 
Rough-legged Hawk 
Golden Eagle 
Merlin 
American Kestrel 
Peregrine Falcon 
Spruce Grouse 
Sandhill Ciane 
Black-bellied Plover 
Lesser Golden Plover 
Sethipalmated Plover 
Killdeer 
Greater Yellowlegs 
Lesser YeUowlegs 
Solitary Sandpiper 
Wandering Tattlér 
SpOtted Sandpiper 
Wbimbrel 
Hudsonian Godwit 

Abundance 

u 
u 
u 
-I- 

u 
c 
c 
u 
C 

r 
c, B 
C, B 
C 

r 
+ 

c 
r 
C, B 

r 
r 
r 
r 
r 
r 
r 
r 
C, B 

u 
u 
u 
u 
r 
r 
u 
u 
r 
C, B 
C, B 
r 
r 
C 

r 
C 

ç B 
u, b 

+ 

u 
u 
u 

Habitat 

Permanent ponds 
Permanent ponds 
Permanent ponds 

Permanent ponds 
Permanent ponds 
Vegetated mudflats 
Vegetated mudfla 
Vegetated mudfla 
Vegetated mudtlats 
Permanent & temporary ponds 
Bulrush marsh, Permanent ponds 
Permanent & temporary ponds 
Permanent & temporary ponds 

Permanent & temporary ponds 
Permanen+-& temporary ponds 
Permanent & temporary ponds 
Permanent poñ4s 
Permanent ponds 
Permanentponds 
Permanent ponds 
Permanent poiids 
Permanent ponds 
Permanent ponds. 
Marsh edge 
All habitats 
All open habitats 
Spruce forest bother 
Spruce forest border 
A_Il open hahitats 
All open habitàts 
All open habliats 

. Allopenhabitats 
Allopeflabitats 
All open habitais 
Spruce forest border 
Sedge or Bulrush Marsh 
Vegetated. mudflat 
Vegetated mudflat 
Temporary pond, pond edge, wet mudflat 
Vegetated mudflats 
Temporary pond, pond edge, wet mudilat 
Temporary pond, pond edge, wet mudilat 
Marsh Edge 

Marsh Edge . 

Temporary pond, pond edge, wet mudflat 
Temporary pond, pond edge, wet mudflat 

Contaminant ffect 

Major 
Major 

Major 
Major 
Major 
Minor 

Major 

Very minor 

Minor 

I 

i 
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Table IV-2-1 (cont'd). 

-, Species Abundance Habitat Contaminant effect 

L Semipalmated Sandpiper r Temporary pond, portd.edge, wet mudflat 
Western Sandpiper u Temporaay pond, pqnd edge, wet rnudflat Minor 

r Least Saidpiper c Temporaiy pond, pond edge, wet rnudflat Minor 
I 

Ba3rds Sandpiper r 
. Temporary pond, pond edge, wet rnudflat 

:L! Pectoral Sandpiper e Temporary pond, pond edge, wet mudilat Minor 
Sharp-tailed Sandpiper + 
Dunlin r Temporary pond, pond edge, wet mudflat - 

I Short-billed Dowitcher e Temporary pond, pond edge, wet mudflat Very minor 
'L Long-billed Dowitcher u Temporary pond, pond edge, wet mudilat 

Common Snipe u, b Sedge or Bubush marsh 
Wilson's Phalarope + 

fT Red-necked Phalarope e Permanett ¿r temporary ponds LBonaparte's Gull u Permanent ponds 
Mew Gull e, B Permanent ponds, vegetated rnudflats 
Herring Cull e, B Permanent ponds, vegetated mudulats 

'p Glaucous-winged Gull r Permanent ponds, vegetated rnudflats LArctic Tern c, B Permanent ponds, vegetated inudilats 
Belted Kingfisher u, b Permanent jonds, marsh edge 
Hairy Woodpecker u ' Spruce forest border 

:T Alder Flycatcher . u EOD pad 

UViolet-green Swallow c Ali open habitats 
N. Rough'winged Swallow + 
Tree Swallow c Ali open habitats 

T Bank Swthow . r Ali open habitats 

Ii 
CEfi Swallow u All open habitats 
Barn Swallow c Ail open habitats 
Black-bdied Magpie c EOD pad 

1FCommon Raven c Ail habitats 

1L 
Black-capped Chickadee c Spruce forest border 
Chestnut-backed Chickadee c Spruce forest border 
Red-breasted Nuthatch u Spruce forest border 

T' Swainson's Thrush u Birch forest border 
L1Hermit Thrush 

. u Birch forest border 
Robin c EOD pad, birch forest border 

Varied Thrush u Spruce forest border 
rj-' Ruby-crowned Kinglet c Spruce forest border 

u: 
Bohemian Waxwing u Marsh edge 
Northern Shrike u Spruce forest border 
Orange-crowned Warbler u Birch forest border 

n Yellow Warbler u Birch forest border 
Yellow-rumped Warbler c Birch forest border 
Northern Waterthrush r Marsh edge 
Savannah Sparrow c Vegetated mudflat, marsh edge 
Lincoln's Sparrow u ROD pad 
White-crowned Sparrow u ROD pad 
Dark-eyed Junco c Spruce forest border 
Rusty Blackbird u Marsh edge 
Lapland Longspur r Vegetated rnudflat 

- itA 

IT 
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Table IV-2-2. Vascular plant species sampled, observed, or collected by C.H. Racine in Eagle 

Rivér Flats arranged by landform-vegetation class (1990-1998). 

. 

Species Riverthe Cocstul Mudflat 
Rum 
Sedge 

Pond- 
marsh Border 

litt. 
meadows Ridges 

Forbs 

Achillea borealis 
x 

Angelica lucida 
A1r4'iexpatula x x 

Caitha palustris x 

chenopodium a/bum x x 

Chrysanthemum album 

Chrysanthemum leucänthemum X 

Ciçuta virosa 
Conioselinum pacflcum x x 

Dodecatheon pulchelhtm 
x 

Equisetum arvense 
x 

FrulÜlaris kamdialicum 
x 

Centiana amarella 
x 

Galium trzfidum 
x 

Glaux mantima X ti 

Hippurus tetraphylla 
iris se/osa 

x 

Lttl7ynis pa/us/i-is 
ti 

Ligusticum scotium 
- x 

Lysimadtia thrysiflora ti 

Menyanthes trfolia 
Moehiingia lateriflora 
PetasilS sagitatus ti 

Plantago maritirna ti x 

Polygonum Fbwleri 
ti 

Potentilla egedii x ti 

Potenti/la palustris ti 

Ranunculus cijrnbalaria ti ti 

Rumex arcticus 
Rupia transitorius x ti 

Salieornia europea ti X 

Speigularia canadensis ti ti 

Stellaria humifusa ti ti 

Stellaria longtfoiia 
ti 

Traraxacumsp. 
ti ti 

Trientalis europea 
Triglochin meritima ti x x ti ti ti 

Tçig/ochthplaustris ti ti ti 

San gttisorba canadensis 
ti 

Trees 

Picea glauca 
ti 

oìd- 
Arctag-costis poseoides 

Calaniagrostis des cham psoides ti ti 

Calainagrostis sp. ti 

Caret aquatilis ti ti t 

Caret Lyngbyei ti ti ti ti 

Ca raz mackenzie ti ti 

Caret pl urif lora ti ti 

Caret ramenskìí ti ti ti 

Eleo cha ris kamtschatica 
Elymus mollIs (=Leymus roo/lis) ti - ti 

Hierchloe odorata 
ti 

Hordeuin brach ya nl herum ti ti 

Poae-minens 
X ti 
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Table IV-2-2 (cont'd). 

119 

Species Riveñne Coastal Mudflat 
Ram 

Sedge 
Pond- 
marsh Border 

ini. 
meadows Ridges 

Puccinellia nut kaensis x r 
Puccineihu phryganodes x x 
Scirpus paludosus x 
Scirpus validus X 

Pondweeds 
Myriaphylum spicatum x 
Potygonum spicatum 

X 
Potamogeton pectinatus r 
Ruppiaspiralis X 
Zannicheflia palustris r 

Shrubs 

Myrica gale x 
Rosa acicularis 

X 
Salir ovalif oli r 
Ainsi-s cris-pa r 
Salir fus cescens r 

Table IV-2--3. List of sediment invertebrates collected by Carl 
Bouwicamp in Eagle River Flats during the summer of 1993 
and 1994 (ßouwkamp 1995). Edited and revised by C.H. 
Racine. 

- 
Species Class Order 

ffl Chkonomus plumosus Insecta Diptera 
i Chixonomus salirtarius Insecta Diptera .-d 

Cirolana Crustaoea Isopoda 
Coeuagriidae Insecta Odonata 

-r: Crago nigrocauda Crustacea Decapada 
L: 

Cryptochirononws digitaths Insecta Diptera 
Culicoides spi lnsecta Diptera 
Culicoides sp2 Insecta Diptera 

iT Enallagma cyn Insecta Odonata 
Ephydra sp- Insecta Diptera 

.L Eukiefferiella Tnsecta Diptera 
Casruriarus lacustris Crustacea Amphipoda 

ir Gnorimusphaenoma lutea Crustacea ¡sopada 
LGyrauius Gastropoda 

- 

Hydranea sp. Insecta Coleoptera 
Hygrotus Trssecta Coleoptera 

rr Lanceimermis Nematoda Merrnithïdae ILibellula Tnsecta Odonata 
_L_ Liga sp. Cnsstacea Isopoda 

Limnophora sp. Insecta Dïptera 
r' Macoma nasuta Bivalvia Telluridae 

Munna sp. 
- Crustacea isopoda 

Nais variabilis Annelida Oligochaeta 
Parachironomus Insecta Diptera 
Phryganea sp Trichoptera Phryganeida 

k t - 

Physella gyrtha Gastropoda Physidae 
Rhasnphamyia Insecta Diptera 
Saduria entomon Crustacea Isopoda 
Spharium sp. Bivalvia Sphaeridae 

I Stagnicolis arctica Gastropoda Physidae 
Ji Tanytarsus Insecta Diptera 

.1._- 

Ji .- 

------ - 
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IV-3. TIDAL CREEK AND DRAINAGE DITCH 
EROSION AT EAGLE RIVER.FLATS IN 1999 

Charles H. Racine 
U.S. Army Engineer Research and Development Center, 
Cold Regions Research and Engineering Laboratory, Hanover, NH 

INTRODUCTION 

Active tidal creek and gully erosion has 
been identified by Lawson et al. (1996) as a 
major physical ptocess in Eagle River Flats. 
The high tides and large volume of water that 
are drained by these gullies on the ebb tide 
result in large volumes of fast-moving water 
that can erode both lateral and headward 
walls of these gullies. This could result in 
pond drainage similar to that produced by 
blasting ditches. The erosion represents a loss 
of mudflat habitat and conversion to a tidal 
creek channel. These changes can also influ- 
ence both the remediation success and our 
ability to restore the weiland habitat once 
remediation is completed. In addition, erosion 
can uncover buried munitions, resulting in 
exposure and possible transport. In summer 
1999, headward erosion of the ditch con- 
structed to drain the Bread Truck Pond in 
April 1996 resulted in the exposûre of a white 
phosphorus round that released its contents. 
Lawson et al. (1996) measured headward ero- 
sion on some tidal creeks of up to 20 rn/year, 
with localized lateral erosion rates of 5 rn or 
less. In 1998, we developed a remote sensing 
technique (Racine et al. 1999) for monitoring 
gully erosion and applied it to one gully. This 
brief report extends some of this work by com- 
paring erosional change from 1998 to 1999. 

II 

ci 

METHODS 

Two methods were developed in 1998 and 
applied to the monitoring of gully erosion on 
the four guThes that drain the treated pond 
area east of Eagle River (Fig. TV-3-1). 

Gl'S-GIS 
Using a GPS (Trimble Pathfinder XR), we 

walked the edges of the four gullies in mid- 
August of both 1998 and 1999. Because the 
GPS received corrections from a Coast Guard 
beacon on Cook Inlet, we obtained real-time 
corrected line files (with an error of less than 
1 m). This produced a map and GIS coverage 
of the gully edge In both 1998 and 1999 that 
can be compared each year to detect erosional 
change from one year to the next. 

Remote sensing-GIS 
ht this method, color infrared aerial pho- 

tos of the four tidal gullies (Bread Truck, 
Parachute, In-Between, and B-Gully) were 
obtained from 21 July 1991, 1995, 1998, and 
1999, scanned at 600 dots per inch and geo- 
referenced to each other. The outline of each 
of these gullies was then digitized into 
Arcview GIS. These outlines for each of the 3 
years could then be overlayed and erosional 
change compared among the 3 years. Racine 
et al. (1999) showed that ground-based ero- 
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Figure IV-3-1. Map of the east 
sidè of Eagle River Flats, show- 
ing the study area and the 
location of the four tidal creeks 

or gullies where erosion is be- 

ing monitored. 

EAGLE ifiVER FLATS FY 99 

r t 
tç_ 

t 

¿fr 

:--4 

'It 

r4 
/ 

ti, r 
1' «p 

B Guly 

H 

slim -measurements and remote sensing-GIS 
based meàsurements showed dose agreement. 

RESULTS AND DISCUSSIOÑ 

Figures IV-3-2, TV-3-3, and TV-3-4 show 
overlays of 1998 and 1999 GPS data mapping 
the scarp edge of B-Gully, and Parachute and 
In-Between Gullies. From these figures, it is 

apparent that there has: been no additiçnaT 
headward erosion in these. three gullies 
between August 1998 and August 1999 The 
apparent decrease m the width ofParachute and 
Tn-Between GuJhes from 1998 to 1999 is attrib- 
utable to a diffemnce in the interpretation of the 
gully edge while mapping with the GPS Veg- 

etation had moved onto the slumped sediments 
of these two gully sides, so that u-i 1999 the bare 
sediments began lower on the slope. 

Figure TV-3-5 shows the changes in the 
headwall and near-edge position of the Bread 
Truck ditch from August 1996, August 1997, 

August 1998, and August 1999. This ditch was 
blasted in April 1996 to drain the Bread Truck 

0 200 400 Meters 

Pond Between August 1996 and August 1997, 

the headwall formed two lobes, with one Tobe 

extending south almost 25 m dunrig this short 
period FromAugustl997toAugust 1998, this 
headwall eroded an additional 12 m, and from 
August 1998 to August 1999, it eroded an 
additional 5 m. Meanwhile, the other 
headwall lobe on the east eroded about 1O.m 

during the past year. On the east side of this 
ditch, the lateral wall also eroded consider- 
abTyfrom Augusf 1997 to August 1998 and 
the east headwall lobe expanded about 8 in 
perycar in both 1999 and 1998. Tt was in this 
lobe That the white phosphorus round was 
presumably exposed in June 1999. 

There has been little new erosion of the 
headwalls of the three natural gullies drain- 
ing the treated ponds.on the east side of Eagle 
River Flats during the past year (August 1998 

to August 1999). However, two lobes at the 
headwall of the constructed ditch in the Bread 
Truck Pond continue to erode on an average 
of about 8-10 in per year. These will eventu- 
ally develop into two separate guffies, which 
may uncover additional ordinance buried by 
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T Figure IV-3-2. Close-up of a 
L portion of B-Gully, showing the 

location of the gully edge in 

r 
B- August1998 and August1999 

as mapped with a differential 
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Figure IV-3-3. Close-up of a 
portion of Parachute Gully, 
showing the location of the gully 
edge in August 1998 and 
August 1999 as mapped with a 
differential GPS. 
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Figure IV-3-4. Close-up of a 

portion of In-Between Gully, 
showing the location of the 
gully edge in August 1998 
and August 1999 as mapped 
with a differential GPS. 

Figure IV-3-5. Close-up jiew 
of the blasted 4itch con- 
structed in April 1.996 to 
draín the Bread Truck Pond, 
showing the edge of this ditch 
in September 1 996J August 
1997, August 1998, and 
August 1999. 
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sediments in the Bread Truck Pond as they 
erode. An effort may t'e required to stop this 
"runaway" erosion of the Bread Truck ditch, 
either by construction of a tide gate or by other 
means. 
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