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Abstract

The relative contributions of differenhpsphorus (P$ources to Lake Champlain are still
uncertain. Soil variability along streams is an importdettor influencing Hateand transport
Though agriculture is considered a major P source, P loading from stream bank erosion can also
bea significant sourcef sedimentbound P to streams and the lakeVermont, the adequacy of
map unit delineations along streams is not wedlwn, and there is a lack of information on soil

P availability among map units occurringd streams. We investigated the soils mapping and
P availability along portions of two riparian restoration sites (Rugg Brook and Lewis CFéek).
soils along tk streams were remapped at a higher resolution than the soil survey (1:20000) to
determine if additional soil variation would be capturdaventy soil profile samples were
collected across each of the two riparian restoration sites and analyzed favglgattleand

total P. Subsets of samples wewnsed forextraction and microcosm studies to evaluate inorganic
and organic P solubilityAfter remapping the soils at the sites, there were discrepanciesebetwe
the soil survey mapnd the map unit namesdadelineations from the higher order remapping.
Total and plantvailable P varied significantly among map units. Total P concentrations were
strongly influenced by drainage class and texture, which are the tagidrentiating and
mapping soilsEnmuragingly, esults suggest that soil mappiegls may be used as part of an
overall index of potentially mobile P in floodplainThe relationship between soil map unit
variation and available oncentrations was less clebr.contrast to what was egpted, aerage
available P levels did not vary significantly by degtha subset of map unit samples, available

P could be used to predict the amount of water solufdeidyesting its use as an index of plant
availability and environmental assessmefiboding soils in laboratory microcosmoaused
moderate to high increases in porewater molybdate reactiMeeRdlominant form of water
extractable P in #Be soils was organic in nature, of which 48% could be hydrolyzed
phosphtase enzymes. Results ¢atiethat organic P could be important in these soils, and
suggest its potential bioavailability. The results of this research highlight the critical importance
of soil map unit properties on total, available, and potentially mobile P in riparian zones.

Introduction

Physical, chemical, and biologicptocesseaffectthe fate and trasport ofphosphorus (Pp

riparian zones Floodplain and riparian soils vary in native P content due to differences in parent
material and legacy sediments. Under suitablelitmns,stream riparian zones cagduce

sediment and runoff P loading to streams by intercepting polluted runoff. \Mateever,

riparian soils can also be a sourcd’dbadingdue tostream bank erosioieomorphic

assessment in Vermont indicatbatapproximately 75% of the assessed stream and river
reaches (757 miles) are eroding due to floodplain loss (VT DE@)200

Despite the need for information on factors affecting P levels in stream bank soils and legacy
sediments, fewstudies in Vermonbr the Northeashave investigatethe relationship between

soil andscape variability and o6backgrounddéd P col
consensus among scientists that-spécific estimates of P for floodplains and indices of

potential stubility could improve P ranagemengfforts in VT. There is also a clear need to

assess and refine the accuracy of the current soil mapping, enabling better current and future
modeling efforts. A improvedunderstanding of how seéndscape factors (e.ggil series,



parent material, drainage, mineralogy, redox) influence the forms, concentrations, and spatial
variability of Pis neededo optimize the cosgeffectiveness of best management practices.

The objectives of this study were to: (i) evaluate shitability of the soil survey mapping at two
riparian restoration sites, (i) determiifid® concentrations (total and pleantailable) vary
significantly among map unit§iii) assess the potential for P release to runoff and flood water
using laboratoy and field methods.

Methods

The study took place at existirmgparian restoration sitdecated along reaches of Rugg Brook
and Lewis CreekFig. 1). The parent materials at thstes range from outwash to alluvial and
glaciolacustrineleposits Soi variability in general is high, with drainage class anofife
characteristics changever short distance&oils have not received fertilizer in several decades,
and have been managed as pasture or riparian bdtgls at the sites were remapped at

higher resolution than the original survey (1:20000) by NRCS during 2006. The new map unit
delineations werbanddrawn based on field profile sampling and interpretation of stereo
imagery and subsequently digitized.

Soil samplegor chemical analysis gretaken at 15 cm depth intervals to a depth of ~1 m at
twenty locationglistributed across the sitBamples were taken from discrete map units based on
the remapping by NRCS. Most map units were sampled a6 #btations. At each location, 15

cm depthincrement (to ~ 1m) samples were takéth soil augerst two locationspaced
approximately &6 m apart in random directionSare was taken to ensure that both samples
were from the same map uniDepth increment samples warempositedLocations weg
georeferenced and plotted on the high intensity soil r{faigs. 2, 3). Sediment samples for
chemical analysis were taken from established esestons used for geomorphic assessment at
the Lewis Creek sitélhese included channel, bed, and stream barnknseds.

Stream sediment samples were collected from three cross sedting the Lewis Creek at the
Lewis Creeksite (Fig. 1, Appendiy. Updated mapping completed during tkiady identified
Middlebury alluvial sandy loams ite vicinity of these sectiondischargen the Lewis Creek
on the sample da{@1 August 2007) was at baseflow condition

Soil and Water Analyses

Soils were sieved and dried prior to chemical analysis. Available P and cations were determined
by extraction (1:5) with ammonium acetate buffered at pH 4.8 (the Modified Morgan extractant).
Phosphorus in the extract wagasured by a spectrophotometer with theybmdte stannous
chloride methodOrganic matter was determined by loss on ignition. Total P and cations were
determine by nitric aciddigestion in amicrowave acderated reaction syste Extracts were
dilutedard P and metals were measured by Inductively Coupled Pi&rtiaal Emission
Spectroscopysing standard techniquelubsets of soils were analyzed for distilled water
extractable (1:25) inorganic P, and for organic and inorganic water extractable (A:d)lfset

of soilswascollected in late Novemb&007for determining P release under flooded conditions.
Microcosms were constructed according to Young and Ross (2001). Field moist samples were
flooded for 75 days with distilled water and porewater amodivater vereperiodically

monitored for molybdate reactive P and soluble iron. Soluble irdfi)(fwas measured



colorimetrically (Jackson, 1958%o0ils used in the microcosm experiment were extracted with
water and assayed for total soluble organic PRahgidrolyzed by phosphatase enzyméstal P

in water extractsvas measured usirige persulfate oxidation method. Enzyme assays were
done according to the method of Turner et al. (2002). Duplicate porous cup tension lysimeters
(25 cm deepyjvere installd at four locations at each site to collect soil wdtaing the 2007

field season. Samples were analyzed for molybdate reactive P.

Statistical Methods

A General Linear Modeling approach was used for hypothesis testthgariance explanation
(SAS,1999) Analysis of Variance was used to test the null hypothesis of equivalent soil P
concentrations amongap unitsOneway ANOVA was used foindividual series to test for

differences among depth#leans were separated ayriori linear contrastsisirng least square

means (because the data were unbalanBedjdualdrom each analysis were inspected to check

for gross violations of GLM assumptior8tepwise multiple linear regression vagpliedto

explore relationships among total P concentrationso#éimel soil chemical variablgssing a
selectiontoentergdO . 001 and select ipOn .t0dO0slt)ay in the

Results and Discussion

Mapping

The Rugg Brook study area wasginally mappedentirely asBinghamvillesilt loam(Flynn and
Joslin, 1979)Following our high intensity remappinfiye additionalsoil series were identified
and m@ped (Fig. 2. Rather than being all silt loam, soils the north side of the stream varied
from sandy outwash (Windsotd silty clay deposit$Covington)to the westFollowing the high
intensity remappingthe streanbank soilsvere napped as an alluvial sandy loam (Winooski),
not aglaciolacustrine silt loarte.g.,Binghamville) The fact that these soils differ in both
drainage and texture could be an important distinction dependitigeobjective. In tems of P
availability, there wasot a significant differencéetween the Binghamville and the Winooski
(sedho&phorus Availabilityd section

The mapping discrepancies observed at the Lewis Creekaitd be considereldss severe than
those aRugg Brook.Thesoil surveymappedhe site asVinooski(alluvial sandy loamalong

most of the stream, with Limerick (alluvial) and Raynham (lacustrine) occupying the lower lying
areaqGriggs, 1971) After remappingthe majority of the stream bank areas were magze
Middlebury (alluvial sandy loam)while the lower lying areas were mapped as the poorly
drained Rippowam (alluviailt loam) Additionally, thearea mapped asrherick (alluvial) was
remapped aRaynhamand Belgradéglaciolacustrine), which again gstitutes a change in

parent material designation from the original soil survey (Fig. 3).

The soil survey for Addison county was conducted from 1284 (published in 1971), and
Franklin from 19681975. The NRCS had fewer soil series establishdthatime, and there are
now additional soil series that more closely mdteactual soil characteristicdt is important

to note that theoil survey delineationsere not meant to be interpretedtsidethe scale that

they werepreparede.g., 1:2000). In general, theninimum map unit delineatioarea isabout 3
acreswhen mapping at the 1:20000 scall@us, a certain degree of error was expected because
the field characterization we did permittep unisto be delineatedt a greater resolutidhan



theoriginal survey.The practical significance of the mapping discrepancies we observed at the
two siteswill vary depending on the objective of the emskr. It is difficult to place the

mapping discrepancies into context, since no other studiesrmant have compared 1:20000
mapping to higher intensity delineations.

Map Unit Delineationsin the Riparian Corridors

Additional soil sampling ananap unit verification took place during the summer of 2007.
Approximately twentymap unitsvere sampledbetweerthe two corridorsSoil pit excavation,
sampling, and profile descriptions were done according to USBA&S guidelines for

submitting samples to the National Soil Survey Laboratory. AfteNtte@nal Laboratorjas
completed all analyses, NR@8Il be able to determine how well the taxonomy of the mapped
series (e.g., the soil survey map unit delineations) matches the taxonomy of pedon samples taken
within the corridors.This information will enable a more broatale evaluation of how well the
current soil survey mapping is within the corridoii® date, we have only received preliminary
datafor a few of the map unit@nd therefore, few conclusions are possible. These data include
detailedchemical and physical propertiegaple 1, Apendix) andneasures of total and

available P formgwe anticipate the arrival of the full data set over the next several months)
Caroline Alves of the USDANRCS will be compiling data from the National Laboratory, and
the datawill eventually be available efine and to the public.

Based orourfield work and profile desgptions, it was apparerthat the agreement between the
soil survey descriptions ammir samples was inconsisterin some areas, map unit properties
appeared to match the survey descriptionl wéereas other locations were clearly off by at
least drainage class, and possibly texture and/or parent material desigdag&ida.the high
variability ofthe soilsandthe length of timeequired to sample ardescrile each pedon,

intensive samplinglongindividual stream reaches was not possible. Therefore, data generated
from this effort will not be sufficiento remap extensive riparian areas at a higher resolution.

Soil Phosphorus Availability among Map Units

Plant available P (hereafterrafee d t o as 6 avai IwarbdereraB/do) (Tabenc en't
1) relative to theJniversity of Vermonfield cropguidelines for PMost of the available P
concentrations were in the low to medium range (0.5 to 3.5 My #gth some in the optimum
ard high range (4.1 td.0and7.1to 20 mg kg, respectively. Total P concentrations were much
more variable than available(fPable 1).Significant univariate effects were observed for
available P when all depths were grouped by seple$001) and draiage p =.0007),but were
only weakly relatedo parent materialg =.06) andunrelated witldepth p = .36). In contrast, all
of these factors had a significapt (0001) effect on total Boncentrationsuggesting that total P
variation is tied more strongly to the landscépenavailable PTotal P varied significantly
among depths within moserieg(Table 2). In general, total P levels were greatérhorizons,
but total P levels were higher at the lower depths for the Covington and Belgrade

Interestingly, mean available P levels within map units did not tend to ceabgtantiallywith
depth (Fig. 4). There was only one d@klgrade)\where the hypothesiof equivalent available P
levels with depth was rejected £.06). The more imperfectly drained soils tended to have
greater mean available and total P concentrations (Table 2, Fig. 4). The Raynham and
Rippowam hadgignificantly greateavailable anddtal P compared to all other soikhis could



be related to the fact that the more poorly drained soils had a greater proposiibaraf clay,

which contributes to greater exchange capacities and thus the abaitigdobmetals andP

compared to caager textured soils. In a subset of soils from both sites, silt content was linearly
correlated with total P, suggesting the importance of textural variation on total P levels (Fig. 5).

Available Pwassignificantly correlatedr(= 0.40,p<.0001) withtotal P concetnations across all
depths. Thestrength of thixorrelationgenerally increased whesoils were grouped by ses
and/or depthBesides th@otablecorrelation with total Pavailable P showedeak correlations
with other minerals. Total Pasg significantly correlated with total Ca<£ 0.58,p<.0001), total
Fe ¢ = 0.40,p<.0001), and total Mrr(= 0.44,p<.0001) across the data set.

Stepwise multiple linear regressiogvealed that available P, total Ca, and pH jointly explained
about 60%of the total P variation. This suggests tbail Ca levels and labile inorganicdduld

be influencinghetotal soil Pcontents of riparian soil§Vith the exception of thresutliers

there was a good relationship between observed and predicted vatae§Fig. 6). Two of the
threeoutlier samplesvere from the same soil profile and Haigh total Ca 6700 and 685@ng

kg™) and very low total P (355 and 418 mg'kgelative tothe average. Theird outlierhad

very low total Ca (723 mg K and \ery high total P (1070 mg K.

Stepwise regression was also conducted after grouping by sampling depth and series. Total Ca
remained a significant predictor of total P for th@%) 1530, and 345 cm depth intervals.

Total Fe was selected as the osilynificant predictor of total P for the 4® and 7590

sampling depths, and the-88 and 96105 cm depths found no significant variablespa001).
Grouping soils by series also revealed the importance of total Ca in soighbuvariables

were dso selected by the stepwise procedure. For example, organic matter alone explained 58%
of the total P variation for the Raynham samples, whereas total K and organic matter jointly
explained 76% of total P variation for the Winooski samples. These resgliest that other
minerals and organic mattare also associated with total P variatiBlowever, he consistently

strong relationship between total P andsGiggests thafa mineralor compoundge.g., apatite

or other CaP associationgjould bean importantsource of Rthe use ofdirect analytical

methods such asray spectroscopgnd diffractionare needed to test this

Relationships among Extractable Phosphorugorms

A subset of representative profile samtesn each site were selected for het analysis to

provide arange ofsoil propertiesandincluded somesamples from adjacent croplanBoth total

and fluorideextractable Pdesigned to remove occluded-fead AFP) were poor predictors of

water soluble P concentrations.contrast, gailable P was a good predictor of wataiuble P

(Fig. 7). Since available P represents a pool of readily labile P, its significant relationship with
watersoluble P is not surprising. The Vermont soil test P (ammonium acetate) has been shown
to relate vell with otherenvironmentaP tests. Magdoff et al. (1999) showed high correlations
among the VT soil test P, distilled water and calcium chloride extractable P, and P extracted by
the iron oxide impregnated paper strip method. In addition, many studéssdhe country have
shown good relationships between soil test P and vgatable P. Results suggest that the VT

soil test P could be used as part of an indew @stimateais e s p ot e n ttormndff t o
and stream waters.

r el



Phosphorus Solbility in Laboratory Microcosms

A subset of 14 soil6Ap horizons)wascollected from theitesandused in laboratory microcosm
experiments that simulate flooded soil conditighable 3).The magitude ofsoluble
molybdatereactive Releasdo porewate variedamongsoils (Fig8). Molybdate reactive P is
generally considered to be mainly orthophosph
available P formSome soils showed little release of#hereathers showed large increases in
reactive P over the Adlay inundation perio¢Fig. 8). The release of soluble Fe to porewaters is a
good indicator of redox status, and increased markedly in most of theTswoilggh soll

porewater and flood water P concentrations were highly correlated doeassctocosmsew
increases ifloodwaterP were observeébr individualsoils. Since the flood water remained
oxidized, this suggests that oxidized Fe at the aerobic/anaerobic interface may have pRevented
release taheoverlying floodwaterYoung andRoss (2001) showed that the VT soil test P was
highly correlated with the average porewater P concentration in flooded agricultural and riparian
soil microcosmgrom northern NY We found a tendency faignificantlygreater P release with
increasing avadble P but this relationship is difficult tgeneralizewithout including additional

soils testing medium to high in(Fig. 9). Porewater P at the initial stages of flooding appeared

to be better related to available P relative to later stages of imumdaince the VT available P

testis designed to remove labile P, it may not be suitable for predicting P release from the
reductive dissolution of FE compounds during inundation.

Water-Soluble Organic Phosphorus

Thesoils used in the microcosm experiment were extracted with water and assapéal for
soluble organic P arid hydrolyzed by phosphatase enzyifieég. 10) Interestingly, soluble
organic P was the dominant (74%) form of P extracted from gwsand sggests the

importance of organic Bycling and its potential mobilizatiorlkaline phosplbmonoesterase
hydrolyzes readily labile P mogseters (e.g., sugar phosphates). The addition of
phosphodiesterase hydrolgadiesters (e.g., nucleic acids and phosjplidd) to inorganic P.

Across the soils, 17% of the organic P was hydrolyzed to phosphtie alkaline
phosplmmonoesterasend another 31% was hydrolyzed by the addition of phosphodiesterase.
Thus, nearly half of the water soluble organic P could lokediyzed to inorganic P. Caution is
needed, however, when interpreting these data. These results cannot be extrapolatetb directly
the field, but do suggethat a large fraction of the water soluble P could be transformed to
inorganic P by naturally ocetng phosphatase enzymes under certain conditions. Turner et al.
(2002) found that 6 to 63% of water soluble organic P was hydrolyzed by these two enzymes in
grassland soils from the UR he prevalence of orthophosphate diesters has plant nutrition and
water quality implications, becausgidence suggests thdiesters tend to be weakly held by

soils andcan behydrolyzed by bluegreen algae (Whitton et al., 1991).

Stream and Soil Water Phosphorus Concentrations

Molybdate reactive P concentratioinssal water and stream water wegenerally low. There

were only three complete data sets for the lysimeters because of the variability associated with
situ soil water samplingFigure 11) The highest concentrationq-3 mg L) was observed for
lysimete LC 10.This location had the highest available P of all the orafs sampled

(Raynham) and the greatest TP concentration (1360 mbdtghe 1530 cm depth). There was

no significant correlation between available P and the average soil water P atiment his



has been found by other studieadis probablyrelated to the limited range of P valueghis

data set Although these concentrations are generally low, they are in the range of dissolved P
concentrations that have been associated watletirophication of surface water (e.g., 0.01 to
0.03 mg P ).

Phosphorus Availability of Stream Sediments

The averageotaland availablé® concentrations (507 and 1.5 mg'kgespectfully) of the

stream sediments were slightly lower than the draean of all the soil samples (552 and 1.7
mg kg*, respectfully). Interms of plant availability and potential solubility, these are low
values.However, the flooding experiments showed that soils relatively low in P status may still
release P under rading conditionsSurprisingly, there was no relationship between total P
concentrations and particle sizklcDowell et al. (2002) sampletver sediments atl locations
along the Winooski Riveand reported a similar averafpe total P. In addition,iey also found
that finer texturededimenin reservoirs and impoundments contained greater average total P
(803 mg kg and 731 mg kg, respectivelycompared to thever ssdiments (462 mg kY.

With respect to our stream sediment samples, total metaesxplained well by angf the

chemical or physical properti@seasured.

Variability in either total or aailable P concentrations was not explained by sedis@nple
proximity to an inferredactive erosional environment (channel thalweg, eroding bank) vansus
inferred netdepositional environment (point hdloodplain) (Table 2 Fig. 2, Appendix)

Samples collected at or below thater surface on the sample date had slightly higlierage
concentrations of total P and availablésB6 andl.44 mg kg, respectivelythan the remaining
samples from above the water surfé¢®@5 andl.30 mg kg', respectively. More

comprehensive énd analysifor stream sediment samphedl be possible with a larger sample
set from channels flowing throughultiple soil units at various hydrologic stages

Conclusions

The results of this research highlighe criticalimportance ofoil map unitpropertieson total,
available, and potentially mobile P in riparian zonestal, available, and watesoluble P
concentrations varied significantly among map unfce the mapping unit is the basis for
differentiating and mapping soils,appears thahe use ofail-landscape factors such as parent
material/texture, mineralogy, @inage, and organic matter conteahalso beused to constrain
estimates of total P contexih floodplain and riparian settingShough he relationship between
soil properties and available P was less cledal and available P concentrations were
significantly correlatedsuggesting that total P may be useful as part of an overall index of
potential P mobility.

Results from the National Soil Survey Laboratory for the pedon samples taken throughout the
two riparian corridors will further ctéfy the natureof the relationship between map units and P
levels. It will also allow us to further assess glggeement between the mapped and actual soil
properties.Developing soil map unipecificestimates foP, along with better tools to account
for thephysics of P transport, willenefitscientists and managers prioritizing P management
practices in the Lake Champlain Basin.
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Table 1.

Variable Mean SD Minimum Maximum
Total P 295 552 208 109 1360
Total Al 295 12126 3762 4490 23800
Total Fe 295 19393 4425 10200 36000
Total Mn 294 365 181 87 1040
Total Ca 295 2528 1000 484 6850
Total K 295 1536 684 429 4500
Total Mg 295 4250 1145 2050 8610
Available P 297 1.7 1.4 0.3 9.2
pH 297 6.1 0.7 4.9 7.6
Organic matter 297 2.0 1.5 0.2 9.5
Available Al 297 48.9 445 5.0 296.0
Available Fe 297 12.9 194 1.4 185.9
Available Mn 297 54 8.4 0.0 69.8
Available Ca 297 772.4 509.6 49.0 2169.0
Available K 297 32.8 26.1 10.9 314.1
Available Mg 297 106.8 74.2 8.0 331.9




Table 2.

Depth  Total P SEMYy Total P SEM Total P SEM
Belgrade n=4 Binghamville n = 4 Covington n =4
-------------------------------------- (mg kg™)

0i 15 437 ab 91 687 a 68 531 a 99

15130 305a 51 589 ab 38 390 ab 80

30145 283a 63 536 ab 44 292 b 40

45160 509 ab 201 548 ab 79 227 b 40

60i 75 519ab 42 504 ab 95 413 ab 139

75190 559 ab 18 499 ab 78 596 a 128

901105 601b 53 482 b 55 631 a 109
Limerick n=5 Middlebury n =5 Raynhamn =6

0i 15 787 a 140 646 a 48 925 a 104

1571 30 695 ab 141 569 ab 29 810 ab 136

30145 570ab 144 498 b 34 666 b 65

45160 476Db 69 536 b 33 636 b 52

601 75 500 ab 50 560 ab 25 645 b 39

75190 480 ab 44 564 ab 35 673 b 42

901 105 488 b 32 543 ab 47 648 b 47
Rippowamn=5 Wappingern=2 Winooskin =5

01 15 839 a 33 540 19 656 a 50

15130 829 ab 108 474 42 585 ab 59

30i 45 750 ab 81 426 75 469 b 44

457 60 732 ab 59 461 155 455D 83

601 75 674 ab 56 444 97 460 b 96

75190 561b 78 436 27 465 b 58

90i 105 598 b 69 424 3 455 b 52
Windsorn=2

0i 15 302 a 7

15130 241b 28

30145 219b 26

45160 267 ab 9

60i 75 197 b 20

75190 201b 8

901 105 216 b 17

yy Standard error of t he mean

y means f ol | owe d whhin a seriek &resigrifitantly (pe0t0b) diffesent



Tabke 3.

Organic Available Total Total Total Total Total Total
Site Location Sand Silt  Clay matter pH P P Al Fe Mn Ca Mg
% mg kg™
x-section 1
Lewis Creek  (XS1), LB1 89.5 9.0 15 0.20 5,58 0.71 506 10200 15600 196 2150 4220
Lewis Creek  XS1, LB3 58.0 39.0 3.0 1.70 6.43 1.69 310 4360 10300 129 1420 2060
Lewis Creek  XS1, LB4 51.0 435 55 2.80 6.08 1.55 630 8460 17000 346 2940 3540
Lewis Creek  XS1, REW-bottom 65.0 325 25 2.30 480 1.38 654 9290 18100 391 3040 3800
Lewis Creek  XS1, CS1, left bank 69.5 26.5 4.0 1.20 6.27 1.25 577 7840 15100 260 2700 3300
XS1, RB, REW,
Lewis Creek  middle 66.0 315 25 1.20 5.73 1.62 391 6060 13500 239 1870 2750
Lewis Creek  XS1, LFP, by pin 70.0 27.0 3.0 2.40 5,53 1.75 495 5920 11600 129 2010 2530
Lewis Creek  XS1, thalwag 8.0 32.0 60.0 0.20 729 212 602 7870 16600 318 2510 3390
Lewis Creek  XS2, LFC 55.0 395 55 2.50 6.36 1.75 544 6700 13800 252 2350 2850
Lewis Creek  XS2, LB2 83.0 15.0 2.0 0.80 6.32 1.17 673 9190 18300 395 3080 3750
Lewis Creek  XS2, LB3 70.0 27.0 3.0 1.20 6.35 1.39 430 5540 12000 207 2010 2490
XS2, REW, rear
Lewis Creek  water level 70.0 265 35 1.50 6.00 1.62 575 6600 14000 249 2370 2790
XS2, RB, REW
Lewis Creek  middle 60.0 36.0 4.0 1.20 6.08 0.82 544 6860 14200 253 2380 2950
Lewis Creek  XS2, L_FP, near pin  58.5 375 4.0 1.90 5.01 1.08 647 6190 13700 261 2300 2760
Lewis Creek  XS2, thalwag 1.0 29.0 70.0 0.20 7.20 1.68 571 18400 28800 457 5950 11100
Lewis Creek  XS3, LB1 100.0 0.0 0.0 0.20 6.43 1.10 610 6850 15100 292 1860 3010
Lewis Creek  XS3, LB2 89.0 11.0 0.0 0.20 5.89 0.98 196 3950 9740 153 921 1880
Lewis Creek  XS3, bottom of bank  72.6 234 40 2.00 6.09 1.47 284 4520 11200 197 1180 2350
Lewis Creek  XS3, LFP 74.0 21.7 4.3 1.60 5.70 1.29 478 6890 14000 230 2180 3120
Lewis Creek  XS3, mid-bank 61.5 350 35 0.70 5.01 0.63 525 6500 13600 243 2130 2800
XS3, RB, REW, top
Lewis Creek right water edge 58.5 37.0 45 2.20 5.16 0.92 531 8110 17200 305 1970 3350
Lewis Creek  XS3, thalwag 70.5 11.0 185 1.30 468 1.98 487 6320 13900 175 1860 2880
Point bar sediment O
Rugg Brook -3in ND ND ND 1.30 7.25 231 458 7490 13200 277 6500 4230
Rugg Brook Point bar 0-3 in ND ND ND 3.80 7.27 2.96 648 9450 16900 595 8480 4900
Rugg Brook Point bar 3-6 in ND ND ND 0.60 719 1.93 319 5750 11200 238 3550 3040

g

not determined
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