
Appendix 1 
Pre-European Settlement Streams and Wetlands, and  

the Timing of Legacy Sediment Deposition 
 
The Pre-European Settlement Landscape   
 
!et or'anic,rich mud pro2ided the perfect en2ironment4little o67'en and no disturbance4to 
protect this landscape for se2eral hundred 7ears:  !e find pristine pollen and flora, includin' tree 
stumps <often lo''ed=, fallen trees, wood7 debris, seeds, roots, leaf mats, and fields of sed'es:  
!e also find buried corduro7 roads made of rows of lo's, earl7 nati2e ?merican tools and 
@olonial ceramics, and the foundations of old buildin's:   
 
The pre,settlement horiBon 'enerall7 appears as a thin <CD:E m=, darF 're7ish brown to blacF, 
or'anic,rich <rou'hl7 GD,GE wei'ht H@= silt7 cla7 abo2e a basal 'ra2el and forms a resistant 
horiBon: The lar'e amount of disseminated or'anic matter, combined with the abundance of 
fresh wood, lea2es, seeds, and other or'anic detritus, 'i2es the pre,settlement material a darF 
'ra7 to blacF color:  !e ha2e obser2ed this horiBon at nearl7 e2er7 site we ha2e studied to date 
<n ! ID=: !e interpret this nutrient,rich stratum as the pre,settlement histic epipedon of marsh, 
swamp7 meadow <Jrosser, @happell et al: KIIL=, or poorl7 drained h7dric soils that were wetted 
freMuentl7 b7 o2erbanF floodin':  NreMuent wettin' resulted in the accumulation of substantial 
amounts of or'anic carbon, nitro'en, phosphorous, and trace metals in wetland sediments 
<discussed below=:   

Our e6amination of the pre,settlement landscape in doBens of trenches and stream banF 
e6posures, combined with 'eochemical and pal7nolo'ical anal7sis of the pre,settlement material, 
indicates that 2alle7 bottoms were broad riparian wetlands, with small <possibl7 anabranchin' 
and chain,of,pool= streams and low 2e'etated islands within the flood Bone, possibl7 impacted 
b7 bea2er ponds <Putler and Qalanson, GDDE=:  Jre,settlement channel forms are small and rarel7 
obser2ed, despite e6cellent e6posure of pre,settlement floodplains:  @hannel depths of D:GE,D:E 
m are constrained b7 the distance between planar bedrocF 2alle7 floors and pre,settlement 
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floodplain surfaces:  In sum, pre-settlement stream channels were small and shallow, carried 
little sediment, and frequently flowed overbank onto a broad mosaic of wetland types. 

Timing of Legacy Sediment Accumulation   
 
The timin' of le'ac7 sediment accumulation is important to modern efforts to understand and 
restore impaired streams:  Nor e6ample, if sediment in 2alle7 bottoms was deposited Muite 
recentl7 and is associated with modern stream processes, then the cause of sedimentation mi'ht 
be modern land use practices:  Rf, on the other hand, the sediment has been in stora'e for more 
than one hundred or so 7ears with no recent si'nificant deposition, then deposition occurred b7 
processes that no lon'er e6ist:  Rt lo'icall7 follows then, that the cause of that deposition no 
lon'er e6ists as well, or at least is much less common:  Rf processes ha2e switched from 
sustained deposition to net erosion of sediment, then the cause of that chan'e should be 
determined before attemptin' restoration:   
 
To constrain the timin' of le'ac7 sediment accumulation, we use se2eral approaches to date both 
the onset of sedimentation and the more recent cessation of deposition: The or'anic,rich pre,
settlement floodplainSwetland sediments pro2ide a maximum age for the timing of legacy 
sediment deposition:  Rn other words, the pre,settlement material must be older than the le'ac7 
sediment:  The uppermost le'ac7 sediment la7ers pro2ide a maximum age for the timing of 
cessation of deposition:  The fill surface represents a threshold that marFs the timin' of complete 
reser2oir fillin', and must pre,date incision into that fill: 
 
Nort7,nine radiocarbon a'es from the darF or'anic,rich sediment sampled from the base of 
stream banF e6posures and trenches throu'hout Jenns7l2ania and Qar7land ran'e from KK,EDD 
to TDD 7r PJ <Ni'ure I=:  Twent7,nine of these radiocarbon dates were pro2ided to us b7 Ur: Nred 
Vinse7, retired archaeolo'ist and former director of the North Quseum in Lancaster:  
Radiocarbon measurements were conducted b7 Peta ?nal7tic, Rnc:, usin' standard ?QZ 
<accelerator mass spectrometr7= and con2entional <alpha countin'= techniMues and calibrations: 
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The a'e ran'e spanned b7 these deposits indicates that pre,settlement floodplains andSor marshes 
were stable throu'hout the warm inter'lacial [olocene \poch: O2er a period of ]KD,DDD 7ears, 
sedimentation rates were CD:DT cmS7r: 

!e used historical documents and isotope 'eochronolo'7 to constrain the timin' of both the 
onset and cessation of millpond sedimentation at two sites in the @onesto'a watershed <KGDD FmG 
area=, southeastern Jenns7l2ania^  <K= Uenlin'er_s Qill is a E,m hi'h sediment stacF ad`acent to a 
breached, E,m hi'h milldama and <G= Pi' Zprin' Run is a K:T,m hi'h sediment stacF K:b Fm 
upstream of a breached, T,m hi'h milldam: cnpublished historic records 'leaned from the 
Lancaster @ount7 [istorical Zociet7 indicate that the milldams at Uenlin'er_s Qill and Pi' 
Zprin' Run were built in ca: KdTD, which represents the ma6imum a'e for the onset of post,
settlement sedimentation in these reser2oirs:  Rn addition, se2eral of the radiocarbon dates for the 
pre,settelement material shown in Ni'ure I are from these sites, and are consistent with the time 
of dam buildin':  ?t Uenlin'ers Qill, radiocarbon dates from  the basal or'anic la7er, and a leaf 
mat between the or'anic la7er and the o2erl7in' silts and cla7s, 7ield a'es of KeGD fS, eD ?U 
<TTD 7r PJ= and KdGD fS, eD ?U <GTD 7r PJ=, respecti2el7, which indicate deposition durin' the 
late pre,settlement to earl7 post,settlement period <Ni'ure KD=:  Radiocarbon anal7ses of two 
wood fra'ments from the darF, or'anic,rich la7er at Pi' Zprin' Run 7ield a'es of K,EbD fS, eD 7r 
PJ and dDD fS, LD 7r PJ <Ni'ure KK=: 

The a'e of the top of the millpond sediment stacF at Uenlin'ers Qill and Pi' Zprin' Run was 
determined b7 'amma spectroscop7 of GKDJb and KTd@s from methods outlined b7 Qatisoff et alTD:  
<Note^  [ere we focus on the GKDJb  anal7sisa the KTd@s  pro2ides similar information:  Nor the 
GKDJb  anal7sis, each sample was counted for a period of GT to Lb h: Zamples and standards used 
the same 'eometr7 to minimiBe countin' errors, and corrections were made for low ener'7 GKDJb 
photon emission <Le:EG Feg= for sediment self,attenuation:=  ? radioacti2e isotope, GKDJb <half 
life h GG:T 7r= reaches secular eMuilibrium with the acti2it7 of its GTbc parent deca7 chain in 
rou'hl7 KEE 7r <d half li2es=:  ?nal7sis of the acti2it7 of GKDJb in a millpond sediment profile ,, 
from its upper surface to some depth ,, pro2ides e2idence of where in the profile the acti2it7 of 
GKDJb reaches eMuilibrium:  That depth in the profile represents a time of ]KEE 7r or 'reater for 
deposition of that stratum: 
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Pased on the GKDJb anal7sis, about IdH of the E,m,thicF post,settlement allu2ium in the mill 
pond reser2oir at Uenlin'er_s Qill was deposited between KdTD and KbED:  ?t Pi' Zprin' Run, 
rou'hl7 bDH of the D:I,m,thicF allu2ium o2erl7in' the or'anic stratum was deposited between 
KdTD and KbED:  Our anal7sis of the upper ED cm of sediments at both sites, in G:E cm 
increments, indicates that secular eMuilibrium is reached at a depth of KE,GD cm below the 
surface, which su''ests that sediments at this depth were deposited in the 7ear KbED or earlier <as 
some of the upper surface mi'ht ha2e been eroded=, and indicates that these reser2oirs reached 
their sediment stora'e capacit7 b7 at least KbED:  

?lthou'h we don_t ha2e the same le2el of anal7tical detail for other sites, we conclude from 
historic documents and maps that man7 mill ponds had reached capacit7 b7 the late KIDDs:  This 
conclusion is consistent with our e6amination of time series of historic maps, which illustrate 
ponds that are smaller and, e2entuall7, 'one on later 2ersions of maps: 
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Appendix 2 
Field and Laboratory Methods 

 
I. Sediment Sampling Methods  
 
A. Trenching 
 

K: \6ca2ate trenches with bacFhoe, ad`acent to the stream and perpendicular to stream flow, throu'h the floodplain terrace 
sediments down to bedrocF:K  

G: The ideal trench, or series of trenches, e6tends from 2alle7 wall to channel ed'e, which 'i2es a comprehensi2e, cross,sectional 
2iew of the sediment stacF, which is useful to determine paleo,'eomorphic chan'es in the flu2ial s7stem: 

T: Qeasure strati'raphic sections, delineate sedimentar7 units, describe sediments, and collect samples for 'eochemical and 
'eoph7sical studies, includin' nutrient and trace metal contents, radiocarbon datin' and ma'netic susceptibilit7:  

L: Zamplin' Qethodolo'7 ,, Pe'innin' at the upper <topmost= surface, cut a 2ertical channel or mini,trench with a trowel in 
appro6imatel7 KE cm lon' <alon' the face of the cutbanF=, b7 KD cm wide <perpendicular to face= b7 E cm deep increments:  Rf 
the sediment is moist and consolidated, the sediment can be e6tracted in oriented bricFs <which has some ad2anta'es in 
subseMuent anal7ses=, but for most cases simpl7 scoop the material into a Bip,locF ba' one trowel tip at a time until a 
representati2e samplin' of each increment has been achie2ed <ca: TDD i EDD '=: @ontinue samplin' down section in E6KD6KE 
cm increments until bedrocF or 'roundwater table is reached 

E: ?lthou'h trenches are the best wa7 to 'et full strati'raphic e6posures, trenches must be pumped as bedrocF is below the local 
water table: 

e: Rn the lab, open BiplocF ba's and allow samples to air dr7 <usuall7 G,T weeFs=: 
d: Uurin' the first weeF, ma'netic susceptibilit7 measurements are made usin' a probe throu'h the BiplocF ba' pressin' a'ainst 

the surface of the sample: !e routinel7 do three measurements to checF reproducibilit7 and homo'eneit7 of sample:G  

                                                 
K ?rchaeolo'ical and historical research, re'ardin' pre, and post,settlement land used histories, is useful for helpin' to reconstruct 
historical chan'es in stream functions and sediment d7namics: 
G Qa'netic susceptibilit7 is a measure of how readil7 a material is ma'netiBed: !e ha2e disco2ered that this techniMue is useful for 
distin'uishin' between pre,settlement sediments <2er7 low susceptibilit7 le2els= and post,settlement sediments <moderate to hi'h 
susceptibilit7 le2els=: 
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b: Nor the remainin' 'eochemical anal7ses, disa''re'ate the air dried samples in a lar'e ceramic mortar and pestle usin' a 
poundin' motion to pul2eriBe the sample and breaF up material alon' 'rain boundaries: Uisa''re'ted material is passed 
throu'h a G mm mesh sie2e and split with a 'eochemical splitter into enou'h fractions for subseMuent studies: 

I: Te6ture and color estimates, and 'rain siBe and densit7 measurements can be made on one of these fractions: 
 
KD: jeochemical methods used klNmQn denotes in,house anal7tical capabilitieso^ 

a: R@J,O\Z <usin' the \J? TDEK method for detection of en2ironmentall7 a2ailable trace metals and phosphorus= kNmQo 
b: KTd@s and GKDJb anal7ses for a'e controls co2erin' the last GED 7ears: 
c: KL@ <radiocarbon= datin', for a'e controls co2erin' ca: TDD 7ear PJ to pre,[olocene timescales: 
d: Rn`ection flow anal7sis for the anal7ses of 2arious species of phosphorus and nitro'en kNmQo: 
e: @ombustion ?nal7Ber for total nitro'en and total carbon measurements kNmQo: 
f: Less freMuentl7 used anal7ses include^ pollen, 6,ra7 fluorescence kNmQp, 6,ra7 diffraction kNmQo, electron and optical 

microscop7 kNmQo: 
 

KK: Uata are plotted on binar7 dia'rams, plotted a'ainst depth from surface: 
 
KG: Note^ Ui'ital photo'raphs, jJZ coordinates and detailed notes are recorded for each sediment profile: 

 
Stream Bank Sampling 
 

K: @ut face bacF KD to GD cm to assure a clean, uncontaminated surface <usin' a picF, hoe, sho2el or trowel=: 
G: Qeasure strati'raphic sections, delineate sedimentar7 units, describe sediments, and collect samples for 'eochemical and 

'eoph7sical studies, includin' nutrient and trace metal contents, radiocarbon datin' and ma'netic susceptibilit7:  
T: Zamplin' Qethodolo'7 ,, Pe'innin' at the upper <topmost= surface, cut a 2ertical channel or mini,trench with a trowel in 

appro6imatel7 KE cm lon' <alon' the face of the cutbanF=, b7 KD cm wide <perpendicular to face= and E cm deep increments:  Rf 
the sediment is moist and consolidated, the sediment can be e6tracted in oriented E6KD6KE cm bricFs <which has some 
ad2anta'es in subseMuent anal7ses=, but for most cases simpl7 scoop the material into a Bip,locF ba' one trowel tip at a time 
until a representati2e samplin' for each E6KD6KE cm increment has been achie2ed <ca: TDD i EDD '=: 

L: T7picall7, the stream surface is intersected before bedrocF is reached, so this will be an incomplete strati'raph7 unless it is 
possible to reach below the water line and e6tract sediment samples b7 hand: 

E: Rn the lab, open BiplocF ba's and allow samples to air dr7 <usuall7 G,T weeFs=: 
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e: Uurin' the first weeF, ma'netic susceptibilit7 measurements are made usin' a probe throu'h the BiplocF ba' on the surface of 

the sample: !e routinel7 do three measurements to checF reproducibilit7 and homo'eneit7 of sample:T  
d: Nor the remainin' 'eochemical anal7ses, disa''re'ate the air dried samples in a lar'e ceramic mortar and pestle usin' a 

poundin' motion to pul2eriBe the sample and breaF up material alon' 'rain boundaries: Uisa''re'ted material is passed 
throu'h a G mm mesh sie2e and split with a 'eochemical splitter into enou'h fractions for subseMuent 'eochemical studies: 

b: Te6ture and color estimates, and 'rain siBe and densit7 measurements can be made on one of these fractions: 
I: jeochemical methods used^ 

a: R@J,O\Z <usin' the \J? TDEK method for detection of en2ironmentall7 a2ailable trace metals and phosphorus= 
b: KTd@s and GKDJb anal7ses for a'e controls co2erin' the last GED 7ears: 
c: KL@ <radiocarbon= datin', for a'e controls co2erin' ca: TDD 7ear PJ to pre,[olocene timescales: 
d: Rn`ection flow anal7sis for the anal7ses of 2arious species of phosphorus and nitro'en: 
e: @ombustion ?nal7Ber for total nitro'en and total carbon anal7ses: 
f: Less freMuentl7 used anal7ses include^ pollen anal7ses, 6,ra7 fluorescence, 6,ra7 diffraction, electron microscop7 and 

optical microscop7: 
KD: Uata are plotted on binar7 dia'rams, plotted with respect to depth from surface: 
KK: Notes^ Ui'ital photo'raphs, jJZ coordinates and detailed notes are recorded for each sediment profile: 

 
GeoProbe Cores 
 

K: jeoJrobe cores are pneumatic cores that are pushed throu'h soft sediments 2ia a ri' mounted on the bacF of a picF,up trucF or 
mounted on an ?Tg: The sediment is e6tracted in a ca: K,m,lon' clear plastic slee2e: 

G: Qa'netic susceptibilit7 measurements can be made usin' an O,rin' anal7Ber, drawin' the core throu'h the rin' in T i E cm 
increments: 

T: The plastic casin' can be slit on each side with a bo6 cutter and the core e6tracted and anal7Bed usin' the methods described 
abo2e: 

                                                 
T Qa'netic susceptibilit7 is a measure of how readil7 a material is ma'netiBed: !e ha2e disco2ered that this techniMue is useful for 
distin'uishin' between pre,settlement sediments <2er7 low susceptibilit7 le2els= and post,settlement sediments <moderate to hi'h 
susceptibilit7 le2els=: 
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L: Note K^ Zediments cores t7picall7 are compressed b7 TD,EDH of their in situ 2olumes:  
E: Note G^ This is an e6cellent tool for determinin' depth to bedrocF across the floodplain when trenchin' is not an option: 
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II. Sample Preparation and the EPA 3051 Microwave Digestion Method 
 

Abstract The \J? Qethod TDEK is used to partiall7 di'est D:GEDD fS, D:DDDG ' of crushed soil samples in KD mL of concentrated 
nitric acid heated to KdEq@ for <insert time= in a @\Q Q?RZrpress microwa2e unit: The resultin' di'estion solution is filtered and 
diluted to ED mL, resultin' in a GDH [NOT solution: Ninall7, the amounts of KL trace elements <?l, Pa, Pe, @d, @o, @r, @u, Ne, Qn, 
Qo, Ni, J, Jb, and sn= in these solutions are measured b7 R@J,O\Z: 
 
Materials and Methods 
 
Solids Ratios Measurement ?ppro6imatel7 K 'ram of precisel7 wei'hed sample is placed in a tin cup in a Jrecision brand \conom7 
o2en for Ke to GL hours at appro6imatel7 KDLt@: The sample is precisel7 rewei'hed after coolin' in a desiccator and calculations are 
completed to determine the solids ratios: 
 
Digestion Solution Preparation: Materials Zi6teen soil samples are di'ested in each batch: The samples are di'ested in clean and 
dr7 fluorocarbon <JN? Teflonu<v== <looF up 2olume= 2essels with Nisher Zcientific Trace Qetal jrade concentrated Nitric ?cid: ? 
Nisherbrand G,KD mL Ninnipipette with a Ninntip KD mL tip is used to measure the KD mL of nitric acid used in the di'estion: ? @\Q 
Q?RZrpress heats the nitric acid and sample mi6ture: Rinsed !hatman wL Qualitati2e KGEmm diameter circle filter papers are used 
to filter the material throu'h J7re6 eDt 'lass funnels into EDmL J7re6 'lass 2olumetric flasFs: ?ppro6imatel7 e Qe'aOhm resistance 
distilled water is used throu'hout the procedure: Three standards are used^ NRZT Ztandard Reference Qaterial GdKK Qontana Zoil 
<Qoderatel7 \le2ated Trace \lement @oncentrations=, \n2ironmental Resource ?ssociates UDED,ELG <further crushed to CbD mesh 
siBe in alumina shatterbo6=, and an internal standard, PZ,K wKTa eD,eEcm: 
 
Digestion Solution Preparation: Methods Rnitial preparations minimiBe the potential for contamination of the di'ested sample 
solutions: These include^  

K: Thorou'h soaFin' of the di'estion 2essels in a K^K nitric acid <Jharmco ?@Z Rea'ent jrade= solution followed b7 rinsin' in 
distilled water: 

G: Ur7in' the di'estion 2essels prior to use 
T: cleanin' the ED mL 2olumetric flasFs and 'lass funnels in multiple rinses of K^K nitric acid <Jharmco ?@Z Rea'ent jrade= 

and distilled water 
L: Rinsin' the filter papers in distilled water and dr7in' them in the o2en <sometimes= 
E: @leanin' the inside of the microwa2e with distilled water and Vimwipes after each use: 
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?n ?N?LyTR@?L Plus balance is used to wei'h out D:GEDD fS, D:DDDG ' of soil 
sample onto Nisherbrand Ln6 Ln wei'hin' paper: This sample is then poured into a numbered di'estion 2essel: The Nisherbrand  G,
KDmL Ninnipipette is used to add KD mL of concentrated nitric acid to the di'estion 2essels containin' the soil samples: The 2essels 
are then wei'hed on a Zartorius balance before placin' them in the microwa2e carousel which is in turn placed in the @\Q 
Q?RZrpress microwa2e unit: The samples are rotated to ensure homo'enous distribution of heat in the microwa2e usin' a pre,
pro'rammed heatin' and coolin' c7cle: ?fter remo2al from the microwa2e, the samples are rewei'hed on the Zartorius balance to 
checF that no si'nificant wei'ht chan'e has occurred durin' heatin', which would indicate the loss of material b7 2entin' of 2apors 
from the di'estion 2essels: 
 
The ne6t step in the procedure is the filterin' of the nitric acid and soil sample solution: Pecause this procedure onl7 partiall7 di'ests 
the soil samples, there still remains much solid material after heatin' which must be separated from the nitric acid containin' di'ested 
ions in solution: The 'lass funnels containin' the conicall7 folded filter papers are placed on a stand with their outlets runnin' into the 
ED mL 'lass 2olumetric flasFs: The inner caps of the di'estion 2essels are co2ered in droplets of condensed 2apor from the heatin' 
and so are rinsed into the funnel with distilled water: The contents of the di'estion 2essel are then poured into the filter with distilled 
water <used to Feep the filter paper from tearin'=: The liMuid portion of the 2essel_s contents filters throu'h the paper and drips into the 
2olumetric flasF and the solid portion remains in the filter: The di'estion 2essel is rinsed twice with distilled water, which is then 
poured into the filter: 
 
Once all of the di'estion solution has been filtered, the filter paper is remo2ed from the funnel and placed aside to dr7: The 'lass 
funnel is rinsed into the 2olumetric flasF with distilled water: ZubseMuentl7, the di'estion solution is diluted to ED mL with distilled 
water: Occasionall7 the samples must be diluted to KDD mL due to tearin' of the filter paper durin' initial pourin' or to o2erfillin' of 
the ED mL 2olumetric flasFs: 
 
III. ICP-OES (Inductive Coupled Plasma – Optical Emission Spectroscopy) 
 
ICP-OES Methods The R@J spectrometer is calibrated with fi2e calibration standards <Table K= and a blanF <GDH [NOT= each time it 
is used to measure the trace elements present in the di'ested soil samples: The standards are made from the initial solutions found in 
Table ?G: The standards are made in J7re6 'lass 2olumetric flasFs of 2arious siBes usin' ]e Qe'aOhm distilled water: golumes are 
measured usin' Nisherbrand Ninnipipettes of G,KDmL, K,EmL, and KDD,KDDD"L siBes and Ninntip KDmL and E mL and Nisherbrand 
KDK,KDDD "L pipette tips: Ztandards are stored in Nal'ene bottles and used within KD da7s of preparation: The samples are anal7Bed b7 
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R@J,O\Z on a Zpectro @iros @@U machine connected to a [ewlett JacFard computer runnin' Zmart ?nal7Ber @iros @@U software: 
This R@J spectrometer runs usin' ?r'on plasma:  
 
 
 
Table ?K: ? summar7 of the trace elemental concentrations for all of the ZORLZ standards used to calibrate the R@J,O\Z prior to 
processin' each batch: ?ll of the solutions contain GDH Nitric ?cid: 
 
         

   ZORLZ PlanF ZORLZ Ztnd: K ZORLZ Ztnd: G ZORLZ Ztnd: T ZORLZ Ztnd: L ZORLZ Ztnd: E  

 \lement conc: <ppm= conc: <ppm= conc: <ppm= conc: <ppm= conc: <ppm= conc: <ppm=  

 ?l D ED KDD TD D KED  

 Pa D T e G KD D  

 Pe D D:K D:DE D:DG D D:GE  

 @d D D:K D:DE D:DG D D:GE  

 @o D D:K D:DE D:DG D D:GE  

 @r D D:G D:K D:E D:L D  

 @u D D:G D:K D:E D:L D  

 Ne D KED ED KDD GDD D  

 Qn D KD GD e TD D  

 Qo D D:K D:DE D:DG D D:GE  

 Ni D D:G D:K D:E D:L D  

 J D T e G KD D  

 Jb D D:e K D:L D G  

 sn D T K K:E D E  
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Table ?G: ? summar7 of the solutions used to prepare the ZORLZ calibration standards for the R@J spectrometer: 
 
Element Conc. (ug/mL) Acid solution Brand 
?l KDDD fS, T G H [NOT [i'h Jurit7 Ztandards 
Pa KDDD E H [NOT Zpecpure 
Pe KDDD E H [NOT Zpecpure 
@d KDDD E H [NOT Zpecpure 
@o KDDD E H [NOT Zpecpure 
@r KDDE K,L H [@l ?ldrich 
@u KDDD fS, T G H [NOw \n2ironmental \6press 
Ne KDDD E H [NOT Zpecpure 
Qn KDDD E H [NOT Zpecpure 
Qo KDDD   Zpe6 @ertiJrep 
Ni KDDD E H [NOT Zpecpure 
J KDDD E H [NOT Zpecpure 
Jb KDDD E H[NOT Zpecpure 
sn III K:K H [NOT ?ldrich 
 
 
 
 
 
ICP-OES Analyses ?fter initialiBin' the R@J spectrometer and a TD minute warm,up period, the machine is calibrated with the fi2e 
ZORLZ standards and the blanF: The calibration cur2es are checFed and updated: ?fter the calibration, the machine is read7 to process 
samples: Uurin' the measurement procedure, standards are measured at the be'innin', middle, and end <or at appropriate inter2als for 
lar'e batches= to checF the consistenc7 of the measurements: Rf there appears to be si'nificant chan'e in the measured 2alues of the 
standards_ trace elements, the instrument is recalibrated: The trace elemental compositions of each di'ested soil solution are measured 
three times b7 the spectrometer and an a2era'e and standard de2iation are calculated, printed, and stored in a data file on the 
computer: The data are retrie2ed after the measurements ha2e been completed and the7 are further reduced in an \6cel spreadsheet: 
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IV. Flow Injection Analysis (FIA) 
 

Flow Injection Analysis: Nlow in`ection anal7sis, or NR?, is a continuous flow method for rapidl7 processin' samples: ? peristaltic 
pump draws sample from the sampler into the in`ection 2al2e: Zimultaneousl7, rea'ents are continuousl7 pumped throu'h the s7stem: 
The sample is loaded into the sample loop of one or more in`ection 2al2es: The in`ection 2al2e is then switched to connect the sample 
loop in line with the carrier stream: This sweeps the sample out of the sample loop and onto the manifold: The sample and rea'ents 
then mer'e in the manifold <reaction module= where the sample can be diluted, dial7Bed, e6tracted, incubated and deri2atiBed: Qi6in' 
occurs in the narrow bore tubin' under laminar flow conditions: Nor each method, the operatin' parameters are optimiBed to address 
hi'h sample throu'hput, hi'h precision and hi'h accurac7: The samples are passed o2er a spectrophotometer that is set to specific 
wa2elen'ths for readin' N or J: 
    
Quickchem 8500 Total Phosphorous Method: 
 
K= cse samples that ha2e been di'ested usin' the \J? TDEK for microwa2e di'estion:  
G= QaFe calibration standards usin' a GDH nitric acid solution: Then standards ran'e in concentration from KD m' JSL to D m' JSL: 

Qade form a stocF solution of KDDD m' JSL: !ei'h L:TIe ' of dr7 Jotassium phosphate and add to K liter 2olumetric flasF: 
Uissol2e in water: cse this to maFe a liter of KD m' JSL solution: This second solution is then used to maFe a series of diluted 
standards: <KD, L, G, K, D:L, D:G, D:K, D=:  

T= Load calibration standards and samples into test tubes to put in sample holder for the auto sampler: cse the placement chart to 
Feep tracF of sample location: ? total si6t7 tubes ma7 be run at one time <d calibration standards and ET unFnowns=: 

L= Run T samples for each di'estion in duplicate: These are labeled on the results sheet with an R:  
E= Turn on the computer, the MuicFchem bEDD, the autosampler, the pump and the heater: Ztart runnin' distilled water throu'h the 

s7stem at set speed TE: Zet the heater temperature to KGEo @: LiMuid must be runnin' throu'h the tubes when the temperature is 
abo2e bDo @ <the tubes will melt if there is no liMuid=: 

e= Once the temperature has reached KGE, put the tubes in the proper rea'ent bottles: The rea'ents are as follow^ Ui'estion re'ent K <a 
dilute sulfuric acid solution=, Ui'estion rea'ent G <a potassium persulfate solution=, an ascorbic acid solution, the carrier <distilled 
water for this method= and the mol7bdate color rea'ent: Run all these solutions throu'h the lines for at least KE minutes to 
'uarantee that the solutions are completel7 throu'h and there is no e6tra water remainin' in the tubes:  

d= Open the Omnion pro'ram on the computer:  Open the file Total J startin' pointG:omn: cse this file as the template for 7our 
samples: T7pe in the calibration standards and samples that 7ou ha2e written on the placement chart:  
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b= @hecF to maFe sure that the rea'ents ha2e run throu'h all the lines, b7 usin' the pre2iew button when the file is open: The baseline 
for all the rea'ents should between :e and :dE: Rf it is hi'her than this, the lines need to be cleaned: cse a sodium h7dro6ide 
solution to clean the lines: Run the cleaner solution for at least GD minutes throu'h the lines: Then rinse the lines in distilled water 
and the start the rea'ent solutions a'ain: Run the cleaner solution as man7 times as it taFes to 'et the baseline low enou'h: 

I= Once 7ou ha2e ascertained that the baseline is low enou'h, start the omnion application b7 pressin' the 'reen arrow button:  
KD= The autosampler will start automaticall7 and draw the first calibration standard: Rt will taFe about T minutes for a peaF to appear 

on the computer: gerif7 that a peaF does appear: Once 7ou ha2e made sure that the peaFs ha2e appeared and that 7our calibration 
coefficient is abo2e :IIe, 7ou ma7 let the application run b7 itself and do other thin's around the lab: ?bout two hours later 
dependin' on the number of samples= the application will be finished:  

KK=  Once 7ou checF the data to maFe sure that 7ou ha2e e2er7thin' 7ou need, sa2e this run under a new name <usuall7 Total J 
followed b7 the date:omn=: Then print the data, usin' the report function: cse the ten per pa'e format found under the toolsSreport 
headin':  

KG=  Once 7ou ha2e the data, enter it into the e6cel spreadsheet that contains all the R@J data that has been collected: The spreadsheet 
will maFe the necessar7 calculations to turn the data from m'SL to ppm:  

KT=  Run distilled water throu'h the lines to clean them and lower the temperature on the heater: Run the water for at least KE minutes 
or until the temperature drops below bDo, dependin' on which one is lon'er: 

KL=  Once the heater is cool enou'h, run air throu'h the lines to Feep them dr7: Once air is throu'h the lines, turn of all of the 
machines:  

KE= Repeat as necessar7: 
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V. Elemental Combustion Analysis (ECA) 
 
Overview of technique Nor total nitro'en and total carbon anal7sis, sample materials in solid or liMuid states must be con2erted into 
NG and @OG 'ases: 

Nor N, the V`eldahl,Rittenber' procedure <e:': [aucF KIbG= has a lon' histor7 and a lar'e followin': Rn this wet,chemistr7 method an 
acid di'estion is used to produce an ammonium salt, which is then o6idiBed to NG 'as usin' h7pobromite: This procedure is slow and 
laborious and in2ol2es certain haBards such as hot acid fumes: Rt also reMuires care to a2oid loss of N durin' transfer between steps:  

The alternati2e, elemental combustion anal7sis for total carbon and total nitro'en in solid,phase samples <plant tissue, soils, 
sediments, etc:= is based on transformation to 'as phase b7 e6tremel7 rapid and complete flash combustion of the sample material, and 
measurement of concentrations 2ia 'as chromato'raph7 <j@=: 
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Rn the apparatus shown abo2e, a rotatin' autosample chan'er^ <a= deli2ers one tin,encapsulated sample at a time into the top of a 
MuartB combustion tube <b=: This tube contains 'ranulated chromium RRR o6ide combustion catal7st and is held at KDDD de'rees @: ? 
pulse of pure OG is admitted with each sample, which is enclosed in an ultra,pure tin combustion capsule: Thermal ener'7 from the 
combustion of the tin and the sample material can 'enerate an instantaneous temperature of as much as KdDD de'rees @ at the moment 
of flash combustion: ?ll combustible materials in the sample are burned and the resultin' 'as,phase combustion products are swept 
out the bottom of the furnace b7 a constant stream of non,reacti2e helium carrier 'as:  

?ll carbon in the sample is con2erted @OG durin' flash combustion: Nitro'en,bearin' combustion products include NG and 2arious 
o6ides of nitro'en NO6a these pass throu'h a reduction column filled with chopped @u wire <eDD de'rees @= in which the nitro'en 
o6ides 'i2e up their o67'en to the copper and emer'e as NG:  

!ater 2apor from the sample is remo2ed b7 a 'as trap <d= containin' ma'nesium perchlorate: Rf the samples are bein' anal7Bed for 
nitro'en onl7, @OG is remo2ed b7 a second 'as trap containin' a @OG scrubber <sodium h7dro6ide on silicate carrier 'ranules=:  

The clean sample 'ases now pass throu'h a 'as chromato'raph column <\= to separate the NG and @OG: NG elutes from the j@ column 
first, then @OG:  

The sample 'as pulses and a separate reference stream of helium <f= pass throu'h a detector <'=a differences in thermal conducti2it7 
between the two streams are displa7ed as 2isible peaFs and recorded as numericall7 inte'rated areas:  

Linear re'ression applied to combustion of Fnown standard materials 7ields a re'ression line b7 means of which peaF areas from 
unFnowns are con2erted into total element 2alues for each sample:  

Calibration and reference materials The \lemental @ombustion ?nal7Ber at NmQ is a @ostech \@Z LDKD @[NZ,O s7stem: Rt is 
calibrated b7 includin' fi2e solid,phase reference materials in the tin capsule sta'e at the be'innin' of each run, and at fi6ed inter2als 
thereafter <usuall7 one reference standard per ten unFnowns:=  

cltra,hi'h purit7 acetanilide <four samples in ca: D:GE, D:ED, D:dD and K:DD micro'rams increments= and atropine <at ca: D:K 
micro'rams= were used to 'enerate the calibration cur2ea total @ and total N contents of these materials are calculated from their 
chemical formulae:  
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\mpt7 tin,capsule blanFs are included e2er tenth sample, and an7 detectable N or @ in these blanFs was subtracted from the sample 
and standard 2alues to 'i2e a true Bero baseline: PlanFs allow correction for traces of @ ori'inatin' from the tin capsules and for the 
small amount of NG 'as introduced as an impurit7 in the o67'en pulse:  

Analytical Procedures  
 
1) Zoil were o2en,dried <bD de'rees @, GL hours=:  

2) Uried samples are 'round to talcum powder consistenc7 <GED um or less= usin' a ball mill <e:': Zpe6 Rndustries bDDD= before bein' 
sealed into E 6 I mm tin capsules: Thorou'h sample homo'eniBation in the 'rinder sta'e is reMuired, to maFe certain that the tin7 
subsample taFen for anal7sis is representati2e of the total sample: Joor precision can often be traced to 2isible 'ranules in the sample:  

3) Rou'hl7 GE micro'rams of soil samples are wei'hed into pure tin capsules usin' an automated and computer controlled 
microbalance:  

4) Rn addition to the calibration standards, a certified standard reference soil <\@? ELG= and an internal soils standard <PZ,K KT= were 
anal7Bed e2er7 ten unFnowns:  

5) ?ll samples, standards and blanFs we loaded in a ED,slot auto,chan'er carousel: 

6) ?utomated anal7ses were controlled b7 !indows,based \?Z Zoftware with a multichannel GL bit ?SU interface connected to the 
electronic detection s7stem in the \@?: 

7) The \@Z software compares the elemental peaF to the calibration standard data, and 'enerates a report for each element on a wei'ht 
basis: 
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Appendix 3 
Analytical Results for Standards 

 
 
Certified Standard MONT. 
2711 

(Note: Certified values for complete 
digestion)        

 Certified Values Meas. S.D. Meas. S.D. Meas. S.D. Meas. S.D. Meas. S.D. Meas. S.D. 
Element Range (Median) for 0.5g  for 0.25g          

Ba 170-260 (200) 179 2 178 2 181.6 1.4 168.6  169.2 3.5 169.2  
Cd 32-46 (40) 36.6 0.7 35 0.7 29.0 0.7 39.0  39.9 0.3 38.5  
Cr 15-25 (20) 17.2 0.2 16.8 0.4 14.5 0.5 15.8  15.3 1.3 15.7  
Co 7-12 (8.2) 4.14 0.08 N/A N/A 3.9 0.1 7.8  7.9 0.3 7.8  
Cu 91-110 (100) 125 2 122 2 101.2 3.0 103.2  84.5 0.5 96.4  
Mn 400-620 (490) 468 6 477 15 433.9 10.7 475.0  467.2 6.1 457.1  
Mo N/A N/A N/A N/A N/A 22.8 0.1 N/A      
P N/A N/A N/A N/A N/A 492.9 31.3 698.7  512.6 1.4 513.1  

Pb 930-1500 (1100) N/A N/A N/A N/A 922.7 N/A 1058.1  1099.7 13.0 1050.7  
Ni 14-20 (16) 19.5 0.4 18.5 0.2 18.4 0.2 16.6  16.3 0.5 17.2  
Zn 290-340 (310) 272 4 273 2 243.2 10.7 298.9  318.3 5.9 301.4  

              

Certified Standard STSD4 
(Note: Certified values for complete 
digestion)        

 Certified Meas. S.D. Meas. S.D.         
Element Values for 0.5g  for 0.25g          

Cd 0.6 2.46 0.0 0.7 0.2         
Co 11 7.01 0.1 2.6 0.2         
Cr 30 25.8 0.2 25 0.5         
Cu 66 74.5 0.2 72 2         
Mn 1200 1080 3.0 1092 38         
Mo 2 1.2 0.3 N/A N/A         
Ni 23 27.7 0.3 25.6 0.2         
Pb 13 26 2.0 15 2         
Zn 82 68.6 0.5 75 3         
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Certified Standard EAR 540 (Note: Certified values for EPA 3051 Method -- microwave partial digestion using HNO3)   
Element Certified Values Meas. S.D.           

Ba 124-184 (154) 154.2 14.0           
Cd 197-283 (240) 169.6 7.6           
Cr 45.6-69.2 (57.4) 52.1 3.2           
Co 49.1-81.9 (65.5) 63.2 5.5           
Cu 106-156 (131) 129.3 12.4           
Mn 234-338 (286) 273.8 18.4           
Mo 41.9-67.1 ( 54.5) 22.8 0.1           
P N/A 533.3 8.7           

Pb 61.6-95.2 (78.4) 51.6 11.8           
Ni 39.0-57.6 (48.3) 54.3 3.8           
Zn 90.20136 (113) 97.4 3.1           

              
Certified Standard EAR 542             
Element Certified Values Meas. S.D. Meas. S.D. Meas. S.D. Meas. S.D.     

P 373-987 (680) 769  720 11 696.5 38.3 670      
N 652-1630 (1140) 1019 33 1378 102 1014 51 1084 24     
C 4480-13200 (8850) 8480 221 10133 948 7970 144 8388 99     
              

Internal Standard BS-1 #12             
Element PSU Lab Meas. S.D. Meas. S.D.         

Cu 11.64 13 1 11.7 0.1         
Cr 14.09 10.1 0.7 10.6 0.1         
Ni 13.95 15 1 14.9 0.2         
P 455.8 352 24 359 3         

Pb 15.52 28 3 25 1         
Zn 50.66 45 4 44.2 0.7         

              
Internal Standard BS-1 #13             
Element PSU Lab Meas. S.D. Meas. S.D. Meas. S.D.       

Cu 10.79 9.9 4.7 12.4 0.2 7.3 1.5       

 GD



Cr 12 10.5 4.6 12.5 1.6 12.5 0.1       
Ni 12.51 12.4 5.8 15.5 1.6 16.0 0.2       
Pb 14.09 24.5 6.9 22.1 9.6 18.2 1.4       
P 438.8 438 17 429 20 409 7       
Zn 48.94 43.8 19.2 51.9 6.8 59.8 4.1       
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Appendix 4 
Analytical Results for Big Spring Run 

 
ECA Data          
Sample # %N N (ppm) %C C (ppm) P (ppm) Depth    

 % ppm % ppm ppm (cm)    

Trench 3 ECA  ECA  
ICP-
3051     

BS-1-1 0.19 1900 1.70 17000 607 2.5    
BS-1-2 0.36 3600 2.95 29500 768 7.5    
BS-1-3 0.24 2400 1.96 19600 666 12.5    
BS-1-4 0.17 1700 1.34 13400 590 17.5    
BS-1-5 0.12 1200 0.99 9900 476 22.5    
BS-1-6 0.09 900 0.83 8300 434 27.5    
BS-1-7 0.11 1100 0.94 9400 481 32.5    
BS-1-8 0.10 1000 0.88 8800 482 37.5    
BS-1-9 0.10 1000 0.84 8400 444 42.5    
BS-1-10 0.11 1100 0.89 8900 417 47.5    
BS-1-11 0.11 1100 0.90 9000 402 52.5    
BS-1-12 0.11 1100 0.89 8900 456 57.5    
BS-1-13 0.11 1100 0.90 9000 439 62.5    
BS-1-14 0.13 1300 1.02 10200 495 67.5    
BS-1-15 0.13 1300 1.08 10800 505 72.5    
BS-1-16 0.15 1500 1.21 12100 544 77.5    
BS-1-17 0.18 1800 1.44 14400 576 82.5    
BS-1-18 0.24 2400 2.24 22400 664 87.5    
BS-1-19 0.29 2900 2.88 28800 700 92.5    
BS-1-20 0.17 1700 1.65 16500 525 97.5    
BS-1-21 0.17 1700 1.62 16200 561 102.5    
BS-1-22 0.19 1900 1.98 19800 627 107.5    
BS-1-23 0.13 1300 1.52 15200  112.5    
BS-1-24 0.14 1400 1.67 16700  117.5    
BS-1-25 0.19 1900 2.62 26200  122.5    
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BS-1-26 0.28 2800 4.32 43200  127.5    
 Average 1658  15869 539 65    
 lbs/ton 3.3  31.7 1.1     
Trench 2          
BST2-62 0.32 3200 2.76 27600 703 2.5    
BST2-61 0.23 2300 1.88 18800 587 7.5    
BST2-60 0.18 1800 1.50 15000 548 12.5    
BST2-59 0.13 1300 1.15 11500 502 17.5    
BST2-58 0.11 1100 0.99 9900 481 22.5    
BST2-57 0.12 1200 1.02 10200 452 27.5    
BST2-56 0.10 1000 0.86 8600 413 32.5    
BST2-55 0.10 1000 0.89 8900 417 37.5    
BST2-54 0.11 1100 0.90 9000 421 42.5    
BST2-53 0.10 1000 0.91 9100 430 47.5    
BST2-52 0.10 1000 0.88 8800 402 52.5    
BST2-51 0.11 1100 1.00 10000 492 57.5    
BST2-50 0.11 1100 1.00 10000 467 62.5    
BST2-49 0.12 1200 1.06 10600 471 67.5    
BST2-48 0.13 1300 1.10 11000 473 72.5    
BST2-47 0.12 1200 1.10 11000 502 77.5    
BST2-46 0.16 1600 1.37 13700 521 82.5    
BST2-45 0.17 1700 1.44 14400 491 87.5    
BST2-44 0.16 1600 1.45 14500 475 92.5    
BST2-43 0.15 1500 1.38 13800 416 97.5    
BST2-42 0.07 700 0.72 7200 200 102.5    
BST2-41 0.04 400 0.41 4100 151 107.5    
BST2-40 0.04 400 0.42 4200 148 112.5    
BST2-39 0.04 400 0.37 3700 140 117.5    
BST2-38 0.05 500 0.45 4500 188 122.5    
BST2-37 0.06 600 0.59 5900 368 127.5    
BST2-36 0.05 500 0.51 5100 325 132.5    
 Average 1178  10411 414     
 lbs/ton 2.4  20.8 0.8     
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ICP Data           
Sample # Lab # Depth  Cd Cu Cr Pb Ni Zn TP 

  (cm) ppm ppm ppm ppm ppm ppm ppm 
BS-1-1  2.5 <0.25 17.2 14.4 23.6 13.4 71.7 607 
BS-1-2  7.5 <0.25 18.2 13.1 25.3 13.5 82.6 768 
BS-1-3  12.5 <0.25 17.8 13.8 27.9 13.7 73.5 666 
BS-1-4  17.5 <0.25 18.1 15.3 25.8 14.5 67.7 590 
BS-1-5  22.5 <0.25 17.1 12.7 21.7 12.7 57.1 476 
BS-1-6  27.5 <0.25 16.1 11.5 18.5 12.0 53.4 434 
BS-1-7  32.5 <0.25 17.1 11.4 19.3 12.2 54.2 481 
BS-1-8  37.5 <0.25 14.5 13.0 19.0 13.3 54.8 482 
BS-1-9  42.5 <0.25 13.1 11.6 17.8 12.2 51.7 444 
BS-1-10  47.5 <0.25 12.6 11.1 18.0 11.8 49.9 417 
BS-1-11  52.5 <0.25 12.1 12.0 16.0 12.5 49.2 402 
BS-1-12  57.5 <0.25 11.6 14.1 15.5 14.0 50.1 456 
BS-1-13  62.5 <0.25 10.8 12.0 14.1 12.5 48.9 439 
BS-1-14  67.5 <0.25 12.3 13.1 16.1 13.8 52.2 495 
BS-1-15  72.5 <0.25 12.5 14.3 15.0 15.0 54.4 505 
BS-1-16  77.5 <0.25 14.1 17.0 26.7 18.5 62.2 544 
BS-1-17  82.5 <0.25 14.4 18.3 17.5 18.4 62.4 576 
BS-1-18  87.5 <0.25 10.7 15.8 15.3 15.4 57.9 664 
BS-1-19  92.5 <0.25 8.7 13.3 13.9 13.1 45.8 700 
BS-1-20  97.5 <0.25 5.3 11.0 13.5 11.3 33.9 525 
BS-1-21  102.5 <0.25 4.3 11.7 12.1 12.4 34.9 561 
BS-1-22  107.5 <0.25 4.7 15.2 13.9 15.6 41.1 627 
BS-1-23  112.5 <0.25 4.1 16.8 15.0 14.9 42.6  
BS-1-24  117.5 <0.25 4.2 16.0 13.7 12.4 38.0  
BS-1-25  122.5 <0.25 6.0 14.5 13.8 12.8 41.1  
BS-1-26  127.5 <0.25 9.3 20.2 11.2 11.6 38.7  
          
Sample # Lab # Depth  Cd Cu Cr Pb Ni Zn TP 
BST2-62 1 2.5 <0.25 17.3 15.9 25.4 15.8 85.2 703 
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BST2-61 2 7.5 <0.25 17.2 15.0 28.8 15.0 74.0 587 
BST2-60 3 12.5 <0.25 16.8 16.1 28.6 15.5 70.8 548 
BST2-59 4 17.5 <0.25 15.3 14.5 22.4 14.5 62.6 502 
BST2-58 5 22.5 <0.25 13.8 16.6 19.2 15.0 58.6 481 
BST2-57 6 27.5 <0.25 13.6 14.2 18.1 13.9 55.2 452 
BST2-56 7 32.5 <0.25 11.8 14.6 15.2 13.8 50.8 413 
BST2-55 8 37.5 <0.25 11.3 16.9 14.1 13.4 48.9 417 
BST2-54 9 42.5 <0.25 11.7 13.4 14.1 13.2 49.5 421 
BST2-53 10 47.5 <0.25 11.5 13.2 15.9 17.2 51.3 430 
BST2-52 11 52.5 <0.25 11.0 13.0 12.3 13.0 48.6 402 
BST2-51 12 57.5 <0.25 12.8 13.7 13.7 14.2 52.3 492 
BST2-50 13 62.5 <0.25 12.8 14.8 14.6 15.2 55.6 467 
BST2-49 14 67.5 <0.25 13.7 16.0 15.2 16.1 58.0 471 
BST2-48 15 72.5 <0.25 13.5 14.6 20.8 15.1 57.4 473 
BST2-47 16 77.5 <0.25 14.5 18.0 16.0 17.7 62.2 502 
BST2-46 17 82.5 <0.25 14.8 17.7 15.9 17.8 64.8 521 
BST2-45 18 87.5 <0.25 14.2 16.7 16.0 17.3 63.2 491 
BST2-44 19 92.5 <0.25 13.9 17.3 17.4 17.4 64.1 475 
BST2-43 20 97.5 <0.25 11.2 17.4 15.4 15.8 61.6 416 
BST2-42 21 102.5 <0.25 7.3 14.8 50.3 11.1 51.6 200 
BST2-41 22 107.5 <0.25 6.2 15.4 13.6 11.4 50.4 151 
BST2-40 23 112.5 <0.25 5.7 12.0 12.2 9.3 39.6 148 
BST2-39 24 117.5 <0.25 7.6 15.0 13.9 12.3 45.8 140 
BST2-38 25 122.5 <0.25 9.2 20.3 16.5 18.5 57.8 188 
BST2-37 26 127.5 <0.25 9.2 19.6 18.1 18.1 58.8 368 
BST2-36 27 132.5 <0.25 7.3 19.5 16.1 18.9 56.9 325 
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Appendix 5 
Analytical Results for Denlinger’s Mill on West Branch Little Conestoga Creek 

 
ECA Data          

Sample Wt. g N % 
N 

(ppm) C % C (ppm) N/C 
Depth 
(cm) 

P 
(ppm) 

P 
(ppm) 

   ECA  ECA   ICP FI 
DM-1a-3 5cm 23.835 0.248 2480 2.259 22590 0.042 5 846 939 
DM-1a-3 10cm 26.793 0.106 1060 0.934 9340 0.042 10 707 689 
DM-1a-3 15cm 24.079 0.085 850 0.756 7560 0.042 15 628 653 
DM-1a-3 20cm 30.416 0.077 770 0.714 7140 0.040 20 620 716 
DM-1a-3 25cm 21.472 0.081 810 0.720 7200 0.042 25 698 768 
DM-1a-3 30cm 23.652 0.084 840 0.747 7470 0.042 30 592 654 
DM-1a-3 35cm 22.446 0.078 780 0.706 7060 0.041 35 607 645 
DM-1a-3 40cm 21.223 0.074 740 0.699 6990 0.040 40 634 866 
DM-1a-3 45cm 27.248 0.071 710 0.656 6560 0.040 45 568 614 
DM-1a-3 50cm 26.236 0.082 820 0.704 7040 0.044 50 687 699 
DM-1a-3 55cm 21.416 0.084 840 0.727 7270 0.044 55 650 725 
DM-1a-3 60cm 20.569 0.092 920 0.831 8310 0.042 60   
DM-1a-3 65cm 22.567 0.093 930 0.793 7930 0.044 65 779 628 
DM-1a-3 70cm 23.797 0.075 750 0.750 7500 0.037 70 631 474 
DM-1a-3 75cm 29.186 0.088 880 0.769 7690 0.043 75 725 556 
DM-1a-3 80cm 26.853 0.077 770 0.696 6960 0.041 80 729 566 
DM-1a-3 85cm 24.125 0.100 1000 0.842 8420 0.045 85 905 698 
DM-1a-3 90cm 25.041 0.103 1030 0.896 8960 0.043 90 919 714 
DM-1a-3 100cm 33.161 0.078 780 0.675 6750 0.043 100   
DM-1a-3 120cm 28.716 0.098 980 0.798 7980 0.046 120   
DM-1a-3 140cm 22.162 0.095 950 0.788 7880 0.045 140 993 679 
DM-1a-3 160cm 22.668 0.097 970 0.849 8490 0.043 160   
DM-1a-3 180cm 28.838 0.094 940 0.838 8380 0.042 180   
DM-1a-3 200cm 31.205 0.121 1210 1.075 10750 0.042 200   
DM-1a-3 220cm 30.893 0.115 1150 1.013 10130 0.043 220   
DM-1a-3 240cm 24.080 0.132 1320 1.217 12170 0.041 240   

 Ge



DM-1a-3 260cm 31.719 0.125 1250 1.201 12010 0.039 260   
DM-1a-3 280cm 27.532 0.151 1510 1.583 15830 0.036 280   
DM-1a-3 300cm 23.644 0.162 1620 1.939 19390 0.031 300   
DM-1a-3 320cm 21.276 0.167 1670 1.821 18210 0.034 320   
DM-1a-3 340cm 24.862 0.135 1350 1.249 12490 0.040 340   
DM-1a-3 360cm 25.418 0.156 1560 1.805 18050 0.033 360   
DM-1a-3 380cm 26.822 0.148 1480 1.766 17660 0.032 380   
DM-1a-3 400cm 27.348 0.153 1530 1.490 14900 0.039 400   
DM-1a-3 420cm 30.091 0.162 1620 1.628 16280 0.038 420 1000 831 
DM-1a-3 440cm 31.164 0.033 330 2.179 21790 0.006 440 618 468 
 Avg. 0.109 1089 1.086 10865   727 679 
 lbs/ton  2.2  21.7   1.5 1.4 
 Avg. 0-100  935  8355     

 
Avg. 100-

200  1010  8696     

 
Avg. 200-

300  1370  13906     

 
Avg. 300-

400  1518  16262     

 
Avg. 400-

440  975  19035     
 Wt. Avg.  1162  13251     
          
Internal Check on Reproducibility        
DM-1a-3 100cm 33.161 0.078  0.675  0.043    
DM-1a-3 100cm b 32.810 0.079  0.670  0.044    
DM-1a-3 100cm c 24.552 0.077  0.688  0.042    
 Avg. 0.078  0.678  0.0430    
 S.D. 0.001  0.009  0.0010    
          
DM-1a-3 300cm 23.644 0.162  1.939  0.031    
DM-1a-3 300cm b 24.609 0.159  1.929  0.031    
DM-1a-3 300cm c 27.266 0.162  1.942  0.032    
 Avg. 0.161  1.937  0.0314    

 Gd



 S.D. 0.002  0.007  0.0003    
          
Certified Standard         
ERA-542-1 28.329 0.141  1.053  0.0504    
ERA-542-2 20.873 0.146  1.146  0.0477    
ERA-542-3 26.052 0.154  1.141  0.0504    
ERA-542-4 29.612 0.134  0.977  0.0514    
ERA-542-5 27.836 0.143  1.02  0.0526    
ERA-542-6 34.088 0.133  0.946  0.0526    
ERA-543-7 30.238 0.122  0.891  0.0515    
ERA-542-8 25.753 0.129  0.932  0.052    
 AVG 0.14  1.013  0.051    
 STD 0.01  0.095  0.002    

 
ERA 

Certified 0.11        

 Range 
.065 - 
.163        

Internal Standars         
BS-1-13a 60-
65cm a 28.847 0.112  0.966  0.0433    
BS-1-13a 60-
65cm b 25.392 0.115  0.986  0.0437    
BS-1-13a 60-
65cm c 33.012 0.114  0.972  0.0438    
 AVG 0.114  0.975  0.0436    
 STD 0.002  0.010  0.0003    
 PSU Data 0.11  0.90      
ICP Data          
Sample Be Al Cr Mn Fe (1) Cu Zn Mo Ba 
DM-1A #2 0.8 15662.4 22.0 769.9 28224.4 20.4 81.7 0.0 96.4 
DM-1A #5 0.8 16594.1 28.9 893.8 35604.6 27.1 87.3 0.0 88.5 
DM-1A #7 0.8 17860.2 21.5 864.1 26199.1 19.8 75.0 0.2 111.1 
DM-1A #9 0.9 18815.7 18.5 881.8 24044.2 17.6 72.1 0.2 125.1 
DM-1A #11 1.0 20296.1 18.3 996.4 25278.1 16.8 80.4 0.0 130.8 

 Gb



DM-1A #13 0.9 18345.9 16.6 910.3 22304.5 15.7 68.2 0.0 126.1 
DM-1A #15 0.9 18436.1 17.1 926.5 22660.4 16.1 67.5 0.2 131.8 
DM-1A #17 1.0 15308.9 14.2 932.8 22767.7 12.7 60.1 0.0 112.5 
DM-1A #19 0.9 16574.8 15.4 962.9 20683.7 14.6 58.9 0.0 119.1 
DM-1A #21 1.0 18980.2 16.0 1037.7 23013.7 17.6 69.4 0.2 145.8 
DM-1A #23 1.0 18847.0 17.5 1110.2 24176.5 17.6 71.4 0.0 137.8 
DM-1a #27 1.3 20849.3 17.7 1046.5 26417.2 19.7 76.8 0.0 151.4 
DM-1a #29 1.1 16416.9 15.4 739.5 22935.1 16.3 63.1 0.0 116.8 
DM-1a #31 1.3 20931.8 17.6 2202.8 26291.6 18.9 74.8 0.5 183.7 
DM-1a #33 1.2 18631.9 16.7 952.4 27139.5 17.0 69.0 0.5 121.2 
DM-1a #35 1.6 27767.0 21.7 1144.5 31521.0 21.9 97.6 0.0 195.2 
DM-1a #37 1.6 27560.5 21.4 778.1 30501.1 22.7 97.3 0.0 188.2 
DM-1b #55 2.0 27328.2 22.0 1102.1 35258.2 21.8 97.5 1.0 185.2 
DM-1d #167 1.5 26780.8 20.7 1418.3 30418.0 22.6 87.1 0.5 185.3 
DM-1d #171 1.4 12853.1 17.3 572.2 22235.7 11.8 52.6 0.0 72.7 
          
ERA-542 0.6 7418.4 15.5 227.9 15117.7 50.6 68.0 0.2 82.6 
ERA-542 0.8 14528.3 14.6 235.3 14508.2 55.3 62.7 0.5 78.9 
BS-1 #13A 0.6 7834.4 7.3 373.9 10632.2 6.6 30.2 0.3 43.7 
BS-1 #13a 1.1 15793.7 13.6 761.1 19137.8 12.5 56.7 0.5 91.5 
MONT-2711 1.1 15748.6 17.8 490.0 19081.5 105.3 321.4 0.4 180.9 
MONT-2711 0.0 14740.1 15.8 475.0 17390.4 103.2 298.9 0.6 168.6 
          

Sample Pb Cd Fe (2) P (ICP) 
P 

(Lachat)     
DM-1A #2 48.1 3.6 32732.4 846.4 939.0     
DM-1A #5 48.3 5.3 43115.6 706.7 688.5     
DM-1A #7 41.5 3.8 30890.6 628.4 652.8     
DM-1A #9 39.1 2.9 28535.0 620.4 716.2     
DM-1A #11 48.1 2.6 28615.7 697.7 768.2     
DM-1A #13 38.6 2.6 25565.6 591.7 654.0     
DM-1A #15 35.2 2.7 26319.3 606.9 645.4     
DM-1A #17 46.1 0.7 25337.0 633.6 865.6     
DM-1A #19 34.2 2.4 23815.7 568.1 614.0     

 GI



DM-1A #21 40.3 3.1 27021.6 686.7 699.5     
DM-1A #23 34.2 2.6 25873.1 650.1 724.7     
DM-1a #27 41.0 3.4 29201.2 778.7 627.9     
DM-1a #29 31.9 3.5 24999.9 631.4 473.7     
DM-1a #31 38.9 3.5 29133.9 725.4 556.3     
DM-1a #33 34.3 3.5 30413.3 729.3 565.8     
DM-1a #35 46.6 4.1 35172.9 905.2 697.7     
DM-1a #37 50.1 4.1 34394.8 918.9 713.9     
DM-1b #55 56.9 3.5 38552.3 993.5 679.1     
DM-1d #167 36.3 4.3 35538.4 999.9 831.1     
DM-1d #171 35.0 1.7 24172.7 617.8 468.1     
          
ERA-542 33.0 1.4 15736.4 0.0 933.1     
ERA-542 22.7 1.5 16015.3 798.6 667.1     
BS-1 #13A 19.6 0.3 11088.7 320.9 397.5     
BS-1 #13a 28.9 2.1 21112.0 602.9 443.2     
MONT-2711 1079.8 39.6 19802.6 729.2 845.9     
MONT-2711 1058.1 39.0 18899.1 698.7 591.2     
          
ICP (PSU Lab) Cd Cu Cr Pb Ni Zn TP   

Sample # ppm ppm ppm ppm ppm ppm ppm   
DM-1a-2 <0.25 15.25 18.37 19.29 18.21 67.45 517   
DM-1a-3 <0.25 18.25 23.23 22.98 24.82 71.80 673   
DM-1a-4 <0.25 16.92 26.01 24.39 23.94 75.29 637   
DM-1a-5 <0.25 21.38 25.19 22.20 23.60 74.34 597   
DM-1a-7 <0.25 15.64 17.55 18.56 19.59 65.06 512   
DM-1a-9 <0.25 14.77 15.12 18.96 16.93 63.79 507   

 

 TD



Appendix 6 
Analytical Results for Levan’s Mill on Little Conestoga Creek 

 
ECA Data      

 
N% 

AVG N% SD 
C% 

AVG C% SD Depth C/N     
           

LM4  0.137 0.003 1.302 0.020 10 9.478     
LM5 0.114 0.002 1.025 0.017 30 9.018     
LM6 0.101 0.001 0.970 0.001 50 9.652     
LM7 0.119 0.008 1.254 0.003 70 10.582     
LM8 0.103 0.001 1.344 0.006 90 13.044     
LM9 0.125 0.002 1.431 0.004 110 11.494     
LM10 0.120 0.001 1.415 0.002 130 11.788     
LM11 0.151 0.008 1.902 0.020 150 12.638     
LM12 0.133 0.006 1.748 0.045 170 13.139     
LM13 0.124 0.001 1.366 0.008 190 11.061     
LM14 0.139 0.000 1.486 0.011 210 10.691     
LM15 0.209 0.001 2.855 0.021 230 13.691     
LM16 0.202 0.001 2.840 0.011 250 14.057     
LM1 0.069 0.017 6.623 0.258 270 95.986     
LM2 0.182 0.013 7.890 0.498 280 43.271     
LM3 0.163 0.033 9.103 0.439 300 55.845     
         

 N ppm S.D. C ppm S.D. Depth C/N n % err N % err C P ppm 
LM4  1373 32 13017 198 10 9.478 3 2.3 1.5 511 
LM5 1137 21 10250 173 30 9.018 3 1.8 1.7 550 
LM6 1005 7 9700 14 50 9.652 2 0.7 0.1 508 
LM7 1185 78 12540 28 70 10.582 2 6.6 0.2 623 
LM8 1030 14 13435 64 90 13.044 2 1.4 0.5 480 
LM9 1245 21 14310 42 110 11.494 2 1.7 0.3 613 
LM10 1200 14 14145 21 130 11.788 2 1.2 0.1 641 
LM11 1505 78 19020 198 150 12.638 2 5.2 1.0 649 

 TK



LM12 1330 57 17475 445 170 13.139 2 4.3 2.5 706 
LM13 1235 7 13660 85 190 11.061 2 0.6 0.6 764 
LM14 1390 0 14860 113 210 10.691 2 0.0 0.8 813 
LM15 2085 7 28545 205 230 13.691 2 0.3 0.7 661 
LM16 2020 14 28395 106 250 14.057 2 0.7 0.4 801 
LM1 690 168 66230 2584 270 95.986 3 24.4 3.9 254 
LM2 1823 127 78897 4983 280 43.271 3 7.0 6.3 326 
LM3 1630 334 91027 4390 300 55.845 3 20.5 4.8 187 
Avg. 1368  27844  150     568 
lbs/ton 2.7  55.7       1.1 
           
(LM4-16) 1365  16104        
 2.7  32.2        
         

Sample %N 
N 

(ppm) %C 
C 

(ppm) 
N/C 
Area      

ERA542a 0.1 1000 0.864 8640 0.0413      
ERA542b 0.107 1070 0.854 8540 0.0439      
ERA542c 0.099 990 0.829 8290 0.0425      
ERA542d 0.097 970 0.812 8120 0.0415      
ERA542e 0.105 1050 0.874 8740 0.0427      
ERA542f 0.104 1040 0.848 8480 0.0436      
ERA542g 0.102 1020 0.832 8320 0.0443      
 Avg. 1020  8447     
 S.D. 36  216     
       
ICP Data       
Sample 

# Depth Be  Cr  Mn  Co   
  (ppm) SD (ppm) SD (ppm) SD (ppm) SD  

LM4 10 1.7 0.0 17.2 0.6 857 7 6.8 0.1  
LM5 30 X X 18.2 0.7 1508 105 9.7 0.2  
LM6 50 X X 15.2 0.7 1133 12 8.2 0.5  
LM7 70 0.7 0.0 19.5 0.9 1032 48 9.9 0.3  

 TG



LM8 90 X X 16.8 0.5 574 21 7.3 0.4  
 LM9 110 1.6 0.1 18.3 0.4 750 61 11.8 0.5  
LM10 130 1.6 0.0 19.0 0.5 703 16 12.4 0.3  
LM11 150 1.5 0.1 20.4 1.1 636 109 11.7 0.7  
LM12 170 1.6 0.0 22.1 0.1 622 4 11.5 0.2  
LM13 190 0.9 0.0 22.0 1.2 387 2 12.2 0.4  
LM14 210 0.9 0.0 19.8 1.5 331 17 11.5 0.5  
LM15 230 0.9 0.0 21.3 1.4 690 35 13.4 0.9  
LM16 250 1.0 0.0 22.2 0.2 989 15 13.7 0.2  
LM1 270 1.5 0.6 12.2 0.1 93.5 0.4 9.0 N/A  
LM2 280 1.7 0.6 12.9 0.2 93.8 0.1 8.5 N/A  
LM3 300 0.1 0.0 11.4 0.5 128 4 8.0 0.0  

       
  Ni  Cu  Zn  Mo   
  (ppm) SD (ppm) SD (ppm) SD (ppm) SD  

LM4 10 22.7 0.3 15.0 0.2 81 2 N/A N/A  
LM5 30 21.4 0.9 19.8 0.5 85 5 N/A N/A  
LM6 50 18.6 1.0 16.6 0.6 67 3 N/A N/A  
LM7 70 23.0 1.1 19.4 0.6 95 2    
LM8 90 17.9 0.3 14.4 0.4 90 3    
 LM9 110 22.1 0.6 18.7 0.2 167 1 4.0 0.1  
LM10 130 21.4 0.7 17.1 0.1 98 5 3.4 0.1  
LM11 150 21.4 0.9 17.3 0.8 108.5 0.4 4.1 0.1  
LM12 170 22.6 0.3 18.2 0.4 112.4 0.0 4.2 0.5  
LM13 190 23.5 0.9 20.6 0.7 110 4 N/A N/A  
LM14 210 21.7 1.9 19.0 0.9 99 7 N/A N/A  
LM15 230 22.0 1.1 19.0 1.0 116 11 N/A N/A  
LM16 250 23.7 0.1 20.2 0.3 106.7 0.2 N/A N/A  
LM1 270 8.0 0.1 12.0 N/A 67 8 N/A N/A  
LM2 280 11.1 0.0 11.0 N/A 106 45 N/A N/A  
LM3 300 8.9 0.2 10.0 N/A 61 2 23.7 0.2  

       
  Ba  Pb  Cd  P   

 TT



  (ppm) SD (ppm) SD (ppm) SD (ppm) SD  
LM4 10 146 1 25.2 0.2 3.8 0.1 511 6  
LM5 30 152 0 28.9 2.0 6.9 0.1 550 1  
LM6 50 120 3 21.8 1.6 5.8 0.3 508 15  
LM7 70 152 5 32.1 1.1 6.8 0.2 623 12  
LM8 90 105 4 21.5 0.2 5.0 0.1 480 19  
 LM9 110 136 9 74.7 1.6 9.3 0.3 613 31  
LM10 130 130 1 66.3 0.3 8.7 0.1 641 7  
LM11 150 116 8 66.9 2.0 8.7 0.3 649 20  
LM12 170 126 0 159.6 122.4 8.9 0.0 706 4  
LM13 190 142 2 65.0 N/A 10.3 0.3 764 23  
LM14 210 143 9 50.0 N/A 11.0 0.3 813 38  
LM15 230 124 7 25.0 N/A 9.3 0.5 661 48  
LM16 250 150 1 20.0 N/A 10.3 0.1 801 11  
LM1 270 59 4 13.8 7.1 7.0 N/A 254 15  
LM2 280 56 4 7.0 N/A 6.0 N/A 326 18  
LM3 300 45 1 5.0 N/A 5.0 0.1 187 9  

 

 TL



Appendix 7 
Analytical Results for Hammer Creek 

 
ECA Data            

Sample 
Wt. 

(mg) %N 
N 

(ppm) %C 
C 

(ppm) N/C Depth Locality Type 
P 

(ppm) 
P 

(ppm) 
   ECA  ECA     ICP FI 

HC-1-17 21.107 0.221 2210 3.135 31350 0.0251  
Hammer 

Cr. Aggregate 993 974 

HC-18 24.416 0.134 1340 2.248 22480 0.0209  
Hammer 

Cr. Aggregate 369 272 

  
Wtd. 
Avg 2162  30857     958 935 

            
ERA 542-1 21.427 0.099 990 0.783 7830 0.0427   Std. 774.4 642.5 
ERA 542-2 29.169 0.098 980 0.803 8030 0.0419   Std. 818.2 618.9 
ERA 542-2 22.021 0.11 1100 0.804 8040 0.0464   Std.   
ERA 542-3 23.882 0.102 1020 0.781 7810 0.0445   Std.   
ERA 542-4 20.55 0.098 980 0.814 8140 0.0404   Std.   
 Avg. 0.1014 1014 0.797 7970    Std.   
 S.D. 0.0051 51 0.014 144       
            
            
BS-1 13-1 26.258 0.102 1020 0.959 9590 0.0363   Int. Std. 535.5 419.2 
BS-1-13-2 35.029 0.102 1020 0.951 9510 0.0372   Int. Std. 553.8 401.2 
BS-1 13-2 33.564 0.099 990 0.951 9510 0.036   Int. Std.   
BS-1 13-3 22.705 0.098 980 0.948 9480 0.0353   Int. Std.   
 Avg. 0.100 1003 0.952 9523    Int. Std.   
 S.D. 0.002 21 0.005 47       
            
ICP Data            

Sample Be Al Cr Mn Fe (1) Co Ni Cu Zn   
HC-1 0.7 5184.4 8.81 327.1 9245.4 5.7 8.6 16.5 45.6   
HC-2 0.7 5497.7 9.7 268.0 9321.8 5.7 8.9 15.6 38.6   

 TE



HC-3 1.4 15735.0 22.7 635.8 28521.0 15.0 22.2 29.5 92.0   
HC-4 1.4 14871.3 22.5 394.6 24484.2 15.3 21.3 28.4 91.1   
HC-5 1.5 18361.9 26.2 384.2 23684.8 12.6 24.9 34.0 107.3   
HC-6 1.2 11797.0 18.3 292.1 15756.6 11.2 17.8 27.7 81.5   
HC 1-17 1.3 14394.7 21.1 431.2 20602.8 12.1 20.9 36.3 119.4   
HC 1-17 (2) 1.3 15335.2 22.5 441.7 20990.4 12.6 21.7 36.0 97.5   
HC 18 1.1 9613.8 14.5 240.0 12245.3 7.8 13.8 15.4 53.8   
            
BS-1 #13a 1.0 13401.8 11.6 719.9 17553.4 9.5 14.9 14.4 51.4   
BS-1 #13a 1.0 13588.6 11.8 715.5 18870.9 9.9 15.3 10.3 53.1   
            
 Mo Ba Pb Cd Cd Fe (2) P (ICP) P (FI)    
HC-1 0.0 62.4 7.9 0.5 0.5 10033.3 406.1 325.3    
HC-2 0.5 60.1 8.2 0.4 0.4 10207.1 390.7 297.1    
HC-3 0.0 166.2 46.2 3.6 3.6 33429.2 1181.7 1018.8    
HC-4 0.0 162.3 42.8 3.0 3.0 28140.4 1070.2 901.7    
HC-5 0.6 176.4 45.8 3.1 3.1 26779.5 1246.1 1089.3    
HC-6 0.0 114.9 32.6 1.6 1.6 17369.0 678.8 547.0    
HC 1-17 1.5 144.2 46.5 0 2.3 21850.2 1003.1 1107.0    
HC 1-17 (2) 1.5 146.5 47.8 0 2.5 22559.1 1011.1 1217.7    
HC 18 1.5 112.3 29.3 0 1.0 13157.6 384.4 871.8    
            
BS-1 #13a 0.5 83.2 17.6 0.0 1.7 19871.0 535.5 419.2    
BS-1 #13a 1.5 83.7 19.3 0 1.9 19999.9 553.8 401.2    

 

 Te



Appendix 8 
Analytical Results for Conoy Creek 

 
ECA Data            

Sample 
Wt. 

(mg) %N 
N 

(ppm) %C 
C 

(ppm) N/C Depth Locality Type 
P 

(ppm) 
P 

(ppm) 
   ECA  ECA     ICP FI 

ETMV-8-3 (T1) 31.742 0.028 280 0.372 3720 0.0243  Conoy Cr. Aggregate 214 847 
ETMV-2-1 (T1) 34.089 0.082 820 1.14 11400 0.0251  Conoy Cr. Aggregate 381 694 

  
Wtd. 
Avg. 415  5640     256 809 

            
ETMV-10-17 
(T2) 28.809 0.028 280 0.364 3640 0.024  Conoy Cr. Aggregate 132 748 
ETMV-18 (T2) 27.904 0.129 1290 1.633 16330 0.0276  Conoy Cr. Aggregate 555 751 

  
Wtd. 
Avg. 533  6813     238 749 

            
ERA 542-1 21.427 0.099 990 0.783 7830 0.0427   Std. 774.4 642.5 
ERA 542-2 29.169 0.098 980 0.803 8030 0.0419   Std. 818.2 618.9 
ERA 542-2 22.021 0.11 1100 0.804 8040 0.0464   Std.   
ERA 542-3 23.882 0.102 1020 0.781 7810 0.0445   Std.   
ERA 542-4 20.55 0.098 980 0.814 8140 0.0404   Std.   
 Avg. 0.1014 1014 0.797 7970    Std.   
 S.D. 0.0051 51 0.014 144       
            
            
BS-1 13-1 26.258 0.102 1020 0.959 9590 0.0363   Int. Std. 535.5 419.2 
BS-1-13-2 35.029 0.102 1020 0.951 9510 0.0372   Int. Std. 553.8 401.2 
BS-1 13-2 33.564 0.099 990 0.951 9510 0.036   Int. Std.   
BS-1 13-3 22.705 0.098 980 0.948 9480 0.0353   Int. Std.   
 Avg. 0.100 1003 0.952 9523    Int. Std.   
 S.D. 0.002 21 0.005 47       
            

 Td



ICP Data            
Sample Be Al Cr Mn Fe (1) Co Ni Cu Zn Mo Ba 
ETMVT1 #08-
03 0.9 9257.9 15.9 593.5 11131.3 7.0 9.8 2.2 28.3 1.5 87.4 
ETMVT1 1-2 0.9 9293.8 14.3 462.1 12247.8 7.5 10.8 10.7 61.3 1.5 82.2 
ETMVT2 10-17 1.0 9993.0 26.9 221.1 11692.2 6.4 10.1 2.9 34.1 1.5 79.4 
ETMVT2 18 1.0 10544.5 17.7 488.6 13216.0 8.3 12.6 13.1 75.2 1.5 84.7 
            
            
BS-1 #13a 1.0 13401.8 11.6 719.9 17553.4 9.5 14.9 14.4 51.4 0.5 83.2 
BS-1 #13a 1.0 13588.6 11.8 715.5 18870.9 9.9 15.3 10.3 53.1 1.5 83.7 
ERA-542 0.8 14777.7 13.1 224.1 13512.8 4.5 9.4 56.8 62.9 0.5 75.4 
ERA-542 0.8 7899.1 14.2 233.1 15271.8 4.9 8.9 60.5 71.7 1.5 80.1 
MONT-2711 0.0 15011.1 15.7 479.5 17111.8 7.8 16.6 109.7 302.9 0.6 167.4 
MONT-2711 1.1 15171.4 16.1 464.4 18354.4 7.9 16.3 87.5 314.2 1.5 169.9 
            
Sample Pb Cd Cd Fe (2) P (ICP) P (FI)      
ETMVT1 #08-
03 9.2 N/A 0.7 11675.7 213.8 846.9      
ETMVT1 1-2 36.9 N/A 1.0 12954.0 380.8 694.1      
ETMVT2 10-17 12.5 N/A 0.7 12137.2 131.9 748.5      
ETMVT2 18 47.2 N/A 1.2 14066.0 555.0 750.9      
            
            
BS-1 #13a 17.6 0.0 1.7 19871.0 535.5 419.2      
BS-1 #13a 19.3 N/A 1.9 19999.9 553.8 401.2      
ERA-542 24.6 75.4 1.4 15159.2 774.4 642.5      
ERA-542 25.4 N/A 1.6 15814.3 818.2 618.9      
MONT-2711 1070.8 38.9 38.9 19253.4 709.6 589.4      
MONT-2711 1078.9 134.0 0.0 19181.2 712.3 312.1      
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Appendix 9 
Analytical Results for East Branch Codorus Creek 

 
ECA Data           

Sample 
Wt. 

(mg) %N 
N 

(ppm) %C 
C 

(ppm) N/C Depth Locality Type 
P 
(ppm) 

EBCC-1 28.066 0.174 1740 1.862 18620 0.0348 5 
EB Codorus 

Cr. Sequence ICP 

EBCC-2 26.382 0.119 1190 1.277 12770 0.0342 15 
EB Codorus 

Cr. Sequence  

EBCC-3 25.948 0.093 930 0.946 9460 0.0355 25 
EB Codorus 

Cr. Sequence  

EBCC-4 19.867 0.087 870 0.873 8730 0.0356 35 
EB Codorus 

Cr. Sequence  

EBCC-5 21.283 0.068 680 0.78 7800 0.0307 45 
EB Codorus 

Cr. Sequence  

EBCC-6 24.072 0.08 800 0.888 8880 0.0321 55 
EB Codorus 

Cr. Sequence  

EBCC-7 20.276 0.089 890 0.937 9370 0.0338 65 
EB Codorus 

Cr. Sequence  

EBCC-8 26.721 0.075 750 0.903 9030 0.03 75 
EB Codorus 

Cr. Sequence  

EBCC-9 26.429 0.065 650 0.853 8530 0.027 85 
EB Codorus 

Cr. Sequence  

EBCC-10 25.604 0.046 460 0.628 6280 0.0257 95 
EB Codorus 

Cr. Sequence  

EBCC-11 23.774 0.036 360 0.436 4360 0.028 105 
EB Codorus 

Cr. Sequence  

EBCC-12 26.092 0.034 340 0.411 4110 0.0285 115 
EB Codorus 

Cr. Sequence  

EBCC-13 32.595 0.034 340 0.482 4820 0.0248 125 
EB Codorus 

Cr. Sequence  

EBCC-14 24.639 0.036 360 0.521 5210 0.0235 135 
EB Codorus 

Cr. Sequence  

EBCC-15 33.063 0.033 330 0.5 5000 0.0231 145 
EB Codorus 

Cr. Sequence  

 TI



EBCC-16 19.259 0.137 1370 2.848 28480 0.0177 155 
EB Codorus 

Cr. Sequence  

EBCC-17 21.236 0.137 1370 2.773 27730 0.0182 165 
EB Codorus 

Cr. Sequence  
  Avg. 790  10540  85    
  lbs/ton 1.6  21.1      
           
EBCC 1-
15  0.0713 713 0.8198 8198    Average  
EBCC 16-
17  0.137 1370 2.8105 28105    Average  

  
Wtd. 
Avg. 790  10540      

           
EBCC 1-
15 23.061 0.043 430 0.598 5980 0.0248 75 

EB Codorus 
Cr. Aggragate 260.8 

EBCC 16-
17 19.504 0.148 1480 2.902 29020 0.0189 160 

EB Codorus 
Cr. Aggragate 225.6 

  
Wrt. 
Avg. 554  8691     257 

           
ERA 541-
1 23.719 0.111 1110 0.829 8290 0.0481  Std. Std. 774.4 
ERA 542-
2 29.44 0.107 1070 0.833 8330 0.0465  Std. Std. 818.2 
ERA 542-
3 26.984 0.11 1100 0.834 8340 0.0476  Std. Std.  
EAR 542-
4 31.659 0.105 1050 0.845 8450 0.045  Std. Std.  
ERA 542-
5 30.704 0.109 1090 0.853 8530 0.0465  Std. Std.  
  Avg. 1084  8388     796 
  S.D. 24  99     31 
           
BS-1 13-1 20.642 0.105 1050 0.963 9630 0.039  Int. Std. Int. Std. 535.5 
BS-1 13-2 21.519 0.107 1070 0.959 9590 0.0401  Int. Std. Int. Std. 553.8 

 LD



BS-1 13-3 24.23 0.108 1080 0.973 9730 0.0403  Int. Std. Int. Std.  
BS-1 13-4 21.051 0.101 1010 0.959 9590 0.0378  Int. Std. Int. Std.  
  Avg. 1053  9635     545 
  S.D. 31  66     13 
ICP Data           

Sample Depth Be Al Cr Mn Fe (1) Co Ni Cu Zn 
EBCC 1-
15 0-150 0.7 15498.3 21.8 281.6 36924.8 13.3 19.0 3.4 71.1 
EBCC 16-
17 

150-
170 0.8 14435.0 23.3 190.8 13724.4 11.4 22.0 6.1 73.2 

           
 Mo Ba Pb Cd Cd Fe (2) P (ICP) P (FI)   
EBCC 1-
15 1.5 34.9 21.7 N/A 4.7 41699.7 260.8 847.8   
EBCC 16-
17 1.5 39.2 19.2 N/A 0.0 14577.1 225.6 416.2   
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Appendix 10 
Analytical Results for East Branch Penns Creek 

 
ECA Data           

Sample %N N (ppm) %C 
C 

(ppm) N/C Depth Locality Type 
P 

(ppm) 
P 

(ppm) 
 ECA ECA ECA ECA ECA    ICP FI 

PC-1 0.295 2950 3.11 31100 0.034 5 Penns Cr. Sequence 726 506 
PC-2 0.252 2520 2.445 24450 0.0368 15 Penns Cr. Sequence 691 504 
PC-3 0.193 1930 1.834 18340 0.0373 25 Penns Cr. Sequence 678 459 
PC-4 0.182 1820 1.807 18070 0.0355 35 Penns Cr. Sequence 527 382 
PC-5 0.177 1770 1.815 18150 0.0345 45 Penns Cr. Sequence 524 370 
PC-6 0.154 1540 1.525 15250 0.0352 55 Penns Cr. Sequence 469 336 
PC-7 0.097 970 0.939 9390 0.0352 65 Penns Cr. Sequence 362 262 
PC-8 0.089 890 0.785 7850 0.0388 75 Penns Cr. Sequence 319 255 
PC-9 0.099 990 0.832 8320 0.0404 85 Penns Cr. Sequence 329 244 
PC-10 0.085 850 0.561 5610 0.0505 95 Penns Cr. Sequence 294 217 
PC-11 0.063 630 0.369 3690 0.0564 105 Penns Cr. Sequence 234 182 
PC-12 0.072 720 0.443 4430 0.0538 115 Penns Cr. Sequence 296 224 
PC-13 0.087 870 0.719 7190 0.0413 125 Penns Cr. Sequence 337 238 
PC-14 0.077 770 0.568 5680 0.0463 135 Penns Cr. Sequence 358 326 
PC-15 0.073 730 0.495 4950 0.0496 145 Penns Cr. Sequence 389 296 
PC-16 0.062 620 0.366 3660 0.0556 175 Penns Cr. Sequence 1376 1242 
PC-17 0.062 620 0.482 4820 0.0427 185 Penns Cr. Sequence 866 727 
PC-18 0.163 1630 4.243 42430 0.0142 200 Penns Cr. Sequence 156 128 
PC-19 0.105 1050 2.118 21180 0.0171 205 Penns Cr. Sequence 183 156 

 Avg. 1256  13398  102.5  Avg. 480  
 lbs/ton 2.5  26.8     0.96  
           

PC-1-17 31.021 0.114 1.11 11100 0.0357 87.5 Penns Cr. Aggregate 526 394 
PC-18-19 31.569 0.116 2.869 28690 0.0146 202.5 Penns Cr. Aggregate 179 142 

  
Wtd. 
Avg.         

ERA 542-1 21.427  0.783 7830 0.0427   Std. 774.4 642.5 

 LG



ERA 542-2 29.169 0.099 0.803 8030 0.0419   Std. 818.2 618.9 
ERA 542-2 22.021 0.098 0.804 8040 0.0464   Std.   
ERA 542-3 23.882 0.11 0.781 7810 0.0445   Std.   
ERA 542-4 20.55 0.102 0.814 8140 0.0404   Std.   

 Avg. 0.098 0.797 7970     796 631 
 S.D. 0.1014 0.014 144     31 17 
  0.0051         

BS-1 13-1 26.258  0.959 9590 0.0363   Int. Std. 535.5 419.2 
BS-1-13-2 35.029 0.102 0.951 9510 0.0372   Int. Std. 553.8 401.2 
BS-1 13-2 33.564 0.102 0.951 9510 0.036   Int. Std.   
BS-1 13-3 22.705 0.099 0.948 9480 0.0353   Int. Std.   

 Avg. 0.098 0.952 9523     545 410 
 S.D. 0.100 0.005 47     13 13 
  0.002         

ICP Data           
Sample Depth Be Al Cr Mn Fe (1) Co Ni Cu Zn 

PC-1 0-10 1.3 12826.6 14.3 772.3 19916.0 11.2 23.6 19.5 N/A 
PC-2 10-20 1.4 13498.5 14.5 810.3 20444.2 11.7 24.1 19.2 N/A 
PC-3 20-30 1.9 17411.5 18.5 936.6 23549.2 13.2 25.7 16.1 N/A 
PC-4 30-40 1.4 17548.8 17.7 834.5 20535.8 12.0 24.7 16.9 N/A 
PC-5 40-50 1.4 17389.9 17.8 870.1 21261.8 12.4 25.9 16.6 N/A 
PC-6 50-60 1.5 18378.5 18.9 933.2 21655.9 14.0 27.4 16.5 N/A 
PC-7 60-70 1.6 19042.9 19.3 652.0 23908.5 14.1 25.7 20.9 N/A 
PC-8 70-80 1.5 18061.6 19.2 512.8 24151.1 12.8 24.0 19.6 N/A 
PC-9 80-90 1.5 19672.8 20.8 547.5 25346.9 13.2 25.8 22.2 N/A 
PC-10 90-100 1.4 20550.9 22.1 401.7 25317.2 12.2 27.3 22.3 N/A 

PC-11 
100-
110 1.1 16245.3 19.0 235.0 22694.1 8.6 21.0 17.1 N/A 

PC-12 
110-
120 1.3 18636.4 21.6 219.1 24910.3 7.4 25.3 20.9 N/A 

PC-13 
120-
130 1.6 18706.3 21.7 821.4 26664.3 17.7 26.7 27.4 N/A 

PC-14 
130-
140 1.8 19607.4 22.6 930.0 28181.8 15.8 29.6 23.8 N/A 

 LT



PC-15 
140-
150 1.8 19564.8 22.0 1278.3 28311.9 17.9 31.6 36.3 N/A 

PC-16 175 1.7 20450.3 22.9 632.7 67167.0 18.0 41.0 36.8 N/A 

PC-17 
180-
190 1.3 14949.2 17.6 158.3 35622.8 6.4 23.9 26.2 N/A 

PC-18 200 1.0 7928.1 11.1 91.2 9525.7 13.1 28.5 29.8 N/A 
PC-19 200 0.8 7848.8 10.8 115.0 10883.0 10.1 22.7 19.7 N/A 

           
PC 1-17 0-190 1.3 17832.2 20.6 638.1 29320.8 12.1 28.5 21.2 70.0 
PC 1-17 0-190 1.3 19299.3 22.0 716.4 30478.0 13.8 30.0 22.1 75.3 
PC 1-17 0-190 1.8 18925.6 20.8 718.2 31652.9 14.2 28.1 5.6 80.0 
PC 18-19 200 0.8 8524.3 10.6 94.9 10253.2 9.9 22.7 8.7 42.4 
PC 18-19 200 0.8 8167.6 11.9 91.3 11282.3 11.1 26.1 18.2 43.0 
PC 18-19 200 0.8 9342.6 13.5 102.3 12234.6 12.5 30.7 16.8 47.5 
           
BS-1 #13a  1.0 13401.8 11.6 719.9 17553.4 9.5 14.9 14.4 51.4 
BS-1 #13a  1.0 13588.6 11.8 715.5 18870.9 9.9 15.3 10.3 53.1 
BS-1 #13a  1.0 14585.4 12.3 702.2 18700.8 9.7 15.8 8.0 63.3 
BS-1 #13a  1.0 15089.8 12.5 704.1 18963.1 9.9 16.0 8.3 60.9 
BS-1 #13a  0.987107 14826.8 12.6 727.4 19258.7 10.2 16.2 5.6 55.3 
BS-1 #13a  1.148268 15793.7 13.6 761.1 19137.8 10.2 16.7 12.5 56.7 
BS-1 #13a  0.987897 12943.5 11.4 707.1 17560.4 9.1 14.3 12.2 47.2 
ERA-542  0.685346 6240.7 11.6 191.7 12396.7 3.9 8.7 42.3 76.3 
ERA-542  0.745519 7487.4 13.7 222.4 14991.0 4.8 89.1 69.2 79.8 
ERA-542  0.743197 10465.0 13.5 231.6 14663.1 4.9 10.9 48.6 70.2 
ERA-542  0.763589 14528.3 14.6 235.3 14508.2 4.5 8.7 55.3 62.7 
ERA-542  0.783683 6930.6 13.5 222.0 13603.9 4.3 27.0 79.1 70.4 
MONT-
2711  1.121076 13514.1 14.3 462.9 16877.3 7.7 15.9 84.2 314.1 
MONT-
2711  1.141459 15307.8 16.2 471.5 18548.7 8.1 16.6 84.9 322.5 
MONT-
2711  2.8E-05 14740.1 15.8 475.0 17390.4 7.8 16.6 103.2 298.9 
           

 LL



Sample Mo Ba Pb Cd Cd Fe (2) P (ICP) P (FI)   
PC-1 0.0 102.9 43.0 2.3 2.3 21739.6 726.0 506.1   
PC-2 0.5 112.0 43.7 2.4 2.4 22201.3 690.8 504.4   
PC-3 0.0 140.2 42.9 1.9 1.9 25411.6 677.9 459.4   
PC-4 0.6 143.5 23.5 0 2.4 23025.0 527.3 381.7   
PC-5 0.6 155.0 21.0 0 2.5 23726.7 524.2 369.8   
PC-6 0.6 159.5 20.2 0 2.7 24725.9 469.4 336.0   
PC-7 0.6 138.4 18.9 0 2.9 27243.1 362.4 262.2   
PC-8 0.6 119.1 18.5 0 2.8 27050.9 318.8 254.8   
PC-9 0.6 113.1 21.7 0 3.1 28432.4 329.5 244.4   
PC-10 0.6 108.5 21.0 0 3.1 28515.4 294.4 216.7   
PC-11 0.6 82.3 15.8 0 2.5 25056.0 234.1 181.6   
PC-12 0.6 97.8 17.0 0 3.0 28715.7 295.8 224.2   
PC-13 0.6 124.2 20.7 0 0.0 30777.6 336.7 237.7   
PC-14 0.6 151.9 22.3 188.3 0.0 32789.3 357.6 326.4   
PC-15 0.0 162.7 25.0 1.9 3.7 31967.0 388.5 295.8   
PC-16 0.0 191.4 48.4 11.5 4.9 89305.8 1375.9 1242.4   
PC-17 0.6 137.1 22.4 4.9 4.9 42479.7 866.5 726.9   
PC-18 1.0 51.9 15.1 0.6 0.6 10630.5 155.9 128.0   
PC-19 0.0 50.9 8.1 0.7 0.7 11965.2 183.4 156.0   

           
PC 1-17 0.8 133.3 25.7 133.3 3.7 30829.2 496.7 359.5   
PC 1-17 0.8 139.3 30.6 0 3.9 32317.0 511.0 378.1   
PC 1-17 3.0 134.0 29.0 134.0 2.6 33636.4 569.4 1698.3   
PC 18-19 1.5 47.0 9.5 0 0.6 10556.6 157.5 1448.4   
PC 18-19 1.0 52.0 10.2 0 1.0 11195.0 171.5 137.2   
PC 18-19 0.8 58.9 13.9 0 1.2 12193.2 187.3 146.2   
           
BS-1 #13a 0.5 83.2 17.6 0.0 1.7 19871.0 535.5 419.2   
BS-1 #13a 1.5 83.7 19.3 0 1.9 19999.9 553.8 401.2   
BS-1 #13a 1.5 84.4 17.4 0 1.9 19891.1 586.6 413.6   
BS-1 #13a 1.5 85.9 19.9 0 1.9 19971.8 581.2 413.6   
BS-1 #13a 1.5 86.6 17.4 0.0 2.0 20487.5 571.7 400.9   

 LE



BS-1 #13a 0.5 91.5 28.9 0.0 2.1 21112.0 602.9 443.2   
BS-1 #13a 0.5 80.5 15.3 0 1.8 19495.9 533.5 415.3   
ERA-542 1.5 67.7 18.4 0 0.0 13142.5 759.7 536.2   
ERA-542 1.5 76.6 23.1 130.1 0.0 15716.4 833.6 616.6   
ERA-542 1.5 81.1 22.1 81.1 1.4 15305.8 814.5 618.7   
ERA-542 0.5 78.9 22.7 78.9 1.5 16015.3 798.6 667.1   
ERA-542 0.5 75.3 19.0 0 1.3 15030.6 783.5 629.0   
MONT-
2711 1.5 166.7 1090.5 0 39.7 17855.7 725.8 511.6   
MONT-
2711 1.5 171.6 1108.8 0 40.2 19364.0 734.0 513.7   
MONT-
2711 0.6 168.6 1058.1 39.0 39.0 18899.1 698.7 591.2   
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Appendix 11 
Analytical Results for East Branch Emmas Creek 

 
ECA Data         

Sample 
Depth 
(cm) N (ppm) C (ppm) P (ppm) P (ppm)  Locality Type 

  ECA ECA ICP FI    

EC5B 1-17 0-170 1250 13210 374 293  
Emmas 

Cr. Aggregate
         

EC1 #1-9 0-90 1540 15490 438 338 388 
Emmas 

Cr. Aggregate

EC1 10-13 90-120 2250 41790 251 204 228 
Emmas 

Cr. Aggregate
 Wtd. Avg. 1758 23582 381 297 339   
         
MONT 
2711    670 513   Std. 
ERA 542  1084 8388 743 598   Std. 
BS-1 #13A  1053 9635 512 379   Int. Std. 
         
ICP Data         

Sample 
Depth 
(cm) 

Soils 
Ratio Be Al Cr Mn Fe (1) Co 

EC5B 1-17 0-170 0.98 1.16 14879.00 15.77 569.31 27417.26 14.29 
EC1 #1-9 0-90 0.98 1.02 13063.26 14.59 855.76 25107.18 14.85 
EC1 10-13 90-120 0.97 1.17 12304.36 14.39 137.47 14921.87 9.85 
MONT 
2711  0.98 0.98 14253.62 15.74 457.13 17593.03 7.76 
BS-1 #13A  0.99 0.83 13021.61 12.05 692.60 18564.87 9.05 
ERA 542  0.99 0.60 14097.31 13.63 215.69 14359.12 4.51 
 Ni Cu Zn Mo Ba Pb Cd Cd 
EC5B 1-17 27.11 20.82 49.44 0.00 108.69 21.70 4.03 3.36 
EC1 #1-9 25.31 21.57 48.53 0.00 106.61 23.48 3.01 1.57 
EC1 10-13 25.02 17.48 35.82 0.78 91.39 21.27 1.59 1.59 

 Ld



MONT 
2711 17.19 96.37 301.36 0.77 169.21 1050.70 38.46 38.46 
BS-1 #13A 15.58 11.85 54.38 0.77 80.81 13.53 0.00 2.02 
ERA 542 10.94 57.80 65.83 0.77 78.62 20.78 78.62 1.63 
 Fe (2) P (ICP) P (FI)      
EC5B 1-17 28801.35 373.71 293.10      
EC1 #1-9 26348.30 438.26 337.75      
EC1 10-13 15004.31 251.45 203.84      
MONT 
2711 18163.18 669.72 513.13      
BS-1 #13A 19169.59 511.79 378.96      
ERA 542 14399.40 742.53 598.13      
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Appendix 12 
Procedure for Analyzing Legacy Sediment in Stream Corridors with LiDAR 

(Prepared by Michael Rahnis) 
 
 
MAKE THE TERRACE HORIZON 
 
A. Outputs TerrPt 
Create a point dataset that represents points on legacy sediment terraces, this should have at least one attribute 
other than OID for the conversion to raster to work. 
 
B. OPTION 1 Requires 3D Analyst 
 
1. Outputs TerrPtZ 
Use 3D Analyst to convert TerrPt to a PointZ feature layer. 
2. Outputs [horizon] 
Use interpolation tools to create an interpolation surface from the [TerrPtZ] feature layer. 
 
B. OPTION 2 Requires Spatial Analyst 
 
1. Outputs [terrpt_tmp] 
Convert terrace points from feature to raster [terrpt] (convert tool or command line) 
 
2. Outputs [terrpt] 
Reclassify the [terrpt] so that each point is 1 rather than 0. 
 
3. Outputs [elevpt] 
Get the elevations for the points [con tool, raster calculator, command line or map algebra]. In GRID the 
command would be: 
    [elevpt_flt] = con([terrpt], [elevation]) 
 
4. Outputs [elevpt_int] 
Convert elevation point continuous raster to an integer raster (Euclidean Allocation tool accepts only integers). 
We will scale the numbers in order to preserve precision. 
    [elevpt_int] = int([elevpt_flt] * 10000) 
 

 LI



5. Outputs [horizon_int] 
Perform the allocation in GRID 
    Eucallocation elevpt_int horizon_int 100 
…where all cells within a distance of 100 cells from each point will be assigned an elevation based on its nearest 
neighbor elevation point. This assigns elevation to points in a neighborhood based on their nearest neighbor 
horizon point. Other methods for creating the horizon surface are possible such as IDW, Kriging or other 
interpolation method. 
 
6. Outputs [horizon] 
Convert the allocation surface back to float. 
 [horizon] = float([horizon_int]) / 10000 
 
 
II. MAKE THE ERODED SURFACE 
 
A. Outputs [eroded_con] 
Get a conditional raster that represents areas where the elevations are below our horizon surface. 
 [eroded_con] = [elevation] < [horizon] 
 
B. Outputs [filled] 
Fill the DTM with a conditional statement to create a new filled surface. 
 [filled] = con([eroded_con], [horizon], [elevation]) 
 
C. Outputs [eroded] 
Get the difference between the DTM and the filled DTM. 
 [eroded] = [filled] – [elevation] 
 
III. MAKE THE TERRACE EXTENT SURFACE 
 
A. Outputs [terrace] 
Create a surface representing the approximate extent of the legacy sediment. 
 [terrace_extent] = ([elevation] <= [horizon]) | ([elevation] <= [horizon] + 0.75 & [slope] < 6) 
…this returns a 0/1 raster where 1 represents the terrace or legacy sediment extent. It will have holes in it but the 
next step would be to vectorize it and remove any inner rings in the resulting polygon. 
 
B. Outputs RasterToTerracePly 
Use the From Raster To Vector tool on [terrace]. Make sure that ‘Simplify’ is deselected. 

 ED



 
C. Outputs dissolved TerracePly 

1. Start editing the shapefile. 
2. Select the outermost polygon –the one that represents the limits of the interpolated data and delete it. 
3. Stop editing, saving edits. 
4. Dissolve the polygons with the ‘Create Multipart’ checkbox unchecked. 

 
IV. MAKE THE HYDRO FLOW LINES 
 
A. Remove the bridges from the DTM 

1. make points upstream and downstream of each bridge at the lowest elevation you see, adding an ID that 
indicates to which pair of points each point belongs 

2. connect the points 
3. buffer the resulting line by 4m 
4. convert to raster 
5. set the raster values to 0 
6. combine the bridge-cutting raster and the DTM to create cuts through the bridges 

 
B. Use the hydrology tools to generate a hydro flow line dataset 

1. Fill the modified DTM (stamping holes through the bridges should minimize the effects of filling) 
2. Calculate flow direction 
3. Calculate flow accumulation 
4. Calculate stream raster [flow_acc] > 20000 

 
C. Outputs a 3D point feature dataset with Z in the table. 

1. Using a hydrology line dataset (could be from hydrology tools, ArcHydro or MIT Profiler) convert the 
vertices to points. 

2. Use ArcHydro to add a HydroID to each segment 
3. Use ArcHydro ‘Create 3D Line’ function 
4. Use ArcHydro ‘Create Smoothed 3D Line’. 

 
V. MAKE THE WATER SURFACE HORIZON 
 
A. Convert hydro flow line feature vertices to points. 
 
B. Outputs an interpolated surface at the elevation of the level of the water surface. 
Use IDW interpolation using the Z values of the 3D hydro line vertices (searched for 4 points within 200 meters). 

 EK



 
VI. MAKE THE TERRACE HEIGHT SURFACE 
 
A. Outputs the thickness of a hypothetical sediment wedge whose thickness is the bank height. 
[terrace_height_tmp] = [elevation] – [water_horizon] 
 
B. Clip the terrace_height raster to the terrace_extent 
Use the Extract by Mask tool to clip the terrace_height_tmp raster to the extents of the terrace. 
 
 

 EG


