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G United States 
Department of 
Agriculture 

Soil 
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Service 

lforthea•t ITC 
160 z. 7th Street 
Cheater, PA 19013 

SubJect~OI - Ground-penetrating l.adar (GPR.) 
Field Study in North Dakota; October 
1-7, 1986 

Date: October 23, 1986 

To: 
August J. Dornbusch 

File code: 43o 
State Conse~tioniat 
Soil Conaervatioa Service 
Bisaarck, Horth Dakota 

To explore the potential of u•ina ground-penetratiag raclar to 
characterize soils ia Horth Dakota and to acquaint field and st&f f 
apecialists with GPll techniques. 

PAJlTICIPANTS 

Ji• Bera, Geologist, PSC, Biaarck.1 ND 
John 11...te, Ceologist, ND Geol. Surfty, Grand Porks, llD 
Scott Carter, Soil Scientist, NDSU-Llll.C, Mandan, ND 
Carl Carlson, Geologist, SCS, Biaaarck, BD 
Jia Doolittle, Soil Specialist (GPll), SCS, URTC, Chest.er, PA 
Terry GiaYOld, District Conaervationiat, SCS, Carson, llD 
l'.ean.eth Harris, Geologist, J1D Geol. SurYey, Grand lorka, Im 
Michael Haupt, Soil Tech., Hl>SU-LllllC, Mandan, Jll) 

Corneliua Heidt, Soil Correlator, SCS, Biaaarck, 1ID 
David Hopkiu, Instructor, JIDSU, Fargo, BJ> 
Jia ~teaon, Aaat. Profeaaor, llfDSU-LDC, Mandan, ND 
Itod ~yar, Soil Scientist, PSC, Bisaarck, llD 
Daye lfilaon, I.eel. Spec., Baaiu Blee., Biaaarck, RD 
Ken lotter. Aaat. Soil Spec., :tmSU-LUC, Mandan1 ID 
Paul Satchell, Mining Eng., BC&W, Washburn, HD 
John Shultz, Jlecl. Manager, Basin Elec., Stanton, RD 
Mike Spry, Soil Scien.tiat, PSC, limarck, ND 
Georae Stull, Coaaervation Tech, SCS, Carson, !ID 
Jim Thiele, Aaat. State Soil Scientist, SCS, Biaaarck, ND 
Ken Tko11paoa, Area Soil Seient:iat, SCS, Dickinson, 

Equipaent 

'the radar unit is the Siil System-8. Components of the Sll Syetea-8 
include the Model 4800 control unit, the AJ>TR DT-6000 tape recorder, aad 
the ADTIK Model 8004B graphic record.er. The 300, 120, and 80 Milz 

0 The Soll Conservation Service 
Is an agency of the "=" United States Department of Agriculture 

ftr 



Auguet J. Dorubuaeh 2 

antanaaa were u8ed witb the SI& Syst..-8 in an attea1t to optiaiae depth 
of penetration with signal reaolutton. The high electr1eal 
colldoctivitie• of the aelected 801la Hwrely liaited the depth of 
penetration of all antenna• and IUlde the 300 MJ1s antenna virtally 
ineffeetive. A pre-progralllMtl aicroproceeaor wae used to enhance deaired 
eubaurface aignala and to reaove bacqround aoiM. Oen.a rally, tbe 
llicroproceeaor produced aarainal aianal enbal\Cem.eat of euba•rf ace iaagea. 

Tbe Model• 705, 70SDA, and 70.SDA.2 transceivers; aaw.l tba 775 Bi&h rover 
traaaaitter were uM4 interebaqubly with the 120 allCI 80 HB8 aatenaa• in 
an attempt to auilli•• the probing depth of the Grl. The 120 Mila antenna 
with the 70.SDA traaaeeiwr produced. tbe beet N.laace of depta of 
peaetration and atanal reeolution. 

Tbe ADTEK Dt-6000 tape recorder wae iooperatiw duriaa the field etudy. 
lkMMwr. the lack of the tape recorder did not reatrict the field •tady. 

DISCUSS I Oil 

Coapared with other areu in the United Stat••• the potential for veina 
the preHnt GR .,.•t• iu North Dakota 1• low. la 90et Hila of Bortb 
Dakota, blah rate• of e11aal atteauatioa Mwrely liait the effective 
prol>iq depth of the Gn.. 

Soila bavt.aa hiah electrical coaducti•itie• rapidly abaorb the radar'• 
••r11 and limit the probing depth•. Tbe electrical coacluo.tiYity of 
aoil• incr•••• with aoiettina, coaceatratioa of di••l~ a&lta ia the 
Mil aolutiont and tbe &90Unt and type of cuya. 

llectrical conductivity i• aa electrolytic pYOC•••· Wet eoil• are 90re 
cond•tiw to electrouanetic ueqy thaa dry aoila. The eoDrluoti'f'ity of 
8011• ia proportioaal to the total DtlllMr of iou in eolutton. B:xpaadina 
211 lattice cl&J•t havtna higi.r uehaB1• ca,.citi•• than 1:1 lattice 
cu1•• exhibit higher electrical coaclucti'f'iti••· aad are aor• reatricti•e 
to the ra4ar. 

The eoile of lorth D&kota are ftry eoachactive to electroaaanetie ••1'17• 
High coucentratione of carboaat•• and other 8011.lble Nlte, and the 
predoainance of .. diua and aoderately-f 1ne tezt•red. aoila with lar1• 
proportione of ... ctitic clay• produce a rapid waetac• of the radar• 
anergy and lillit• the prold.na depth of the Cf&. 

Soila uaained with the Ola in Horth Dakota 1uclude: lank.a (aaady, 
llixed, frigid T:rpic Uatifl'"'4tat•), Fl.Hber (aiaed, friaid, ahallow Typic 
Uatipa....enta), Seroeo (aised., fri&id Typic Uet1pe .... nta), Vebar 
(coarae-loaa7, a1xed TJP1C Baplol>orolla), and Willi•• (fine-loaay, aised 
Typic Argiborolle). Qenerally, ia area• of coarn text•r-4 Hila (laU., 
Plaabar, S.roco) tbe radar provided detailed and interpreta,l• i11&&ery to 
daptha of 50 to 60 iaebee. In finer textured Hile such aa Willi••• 
probiq depthe were l••• than 20 inches or to the top of the argillic 
horiaoa. 
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Ia areas of Flaaber aacl Vebar aoila, the CPJl vaa u"'1 to chart the depth 
to bedrock. l'he GPJl vaa effecti'ff in areu where the depth to bedrock i• 
within 60 imbea of the aurface. the aoil• well drained to exceaai wly 
drained and coar•• or aederately coarse textured, and the uuderlytna 
bedr~k fairly bard aad noticeable with band auaere. 

la areae of vf.Dd ltlown or water laid depoeit• (Banke and Seroco soil•), 
the Gft charted the depth to and lateral extent of buried aurfac• layer• 
and atrata of differina textures. The maxiaua depth of penetration. 
tbovgb dependant upon clay and ealt content, ranaed froa 40 to 60 iachea 
in the Ml.Ctei Hila. 

The an. vaa tried uaaucceaefally oa a I.AMP eite near Wilton. lorth 
Dakota. ill coaponeute of the preunt ayetea, includiac the higb powred 
tra•aitter and WAI.a (wide aogle refleetiag and receiving) method• were 
ueed in thie at.udy. Bowewr. tbe aa1mm soil depth at which an 
underlyioa caTity eould be detected 1• the aoclerately-ft .. textur.d 
Williaaa 110il wae only 16 iacbee. 

Gue of tbe priaaipal areae of intereet for the uee of GPI. technique• in 
lforth Dakota ia oa reclaiaU coalfield areaa. Prior to thia field atully, 
it waa hoped that the GPI. could be UMd •• a 110nitoriag tool for the 
detenlinatioa of tirat and eecood lift thickaeaeea. Ia 110et areaa, the 
contact• Mparat1ng the different lift utet'iala are eoupicuou1. The• 
coataete are abrupt and 1e-..rally •eparata aateriala which are highly 
centraatina ia tenae of 8ulk de1S8itiea 1 oraanic .. ttar conteat, particle 
aize, moieture content, and aiaeralogy. 

GPa reaulta f roa the reclaiaecl coalf ialcl site• ware clieappoiati-a. Iu 
110et areaa, the Oft failed to 4iacem tbe contact eaparatioa the 
4iffereat lift aateriala. Thia failare 1• p~1ncipally attributed to the 
higb rat•• of aianal atteauation. in the earthen aatariala. Other caueal 
factors include: 1) 110iat field eoodition• (moiatura walteaa the 
electromagitetic gradieata an4 reduces the ref lactioa coefficient acroae 
aa interfaee), 2) aimilar1t1ee in the electrical propertiea of lift 
aateriala acroaa an interface, and 3) deatan liaitatioaa of tbe preaeat 
radar ayat ... 

At the Glenbarold reclaiaecl coalfield eite near Sta•tou, Borth Dakota, au 
area wae aalec.ted in which tlle firat lift aaterial ia coarae textured and 
the ncond lift material 1• .oderately-fiae tutared. The differences iu 
texture aad bulk 4eaelty were apparent and the ref leetion coefficient 
acroH tbia interface waa greater than in other atucly areae. ilao, the 
rate of aig•l auemiatioa. we lower at thia aite due to tbe lower clay 
content of the f irat lift .. terial.. While this aite 1• perbapa not 
repreHutatiw of laqe areaa of reelaiMd aineao:Ua, the radar waa able 
to chart. the contact IMatween the f int and aecond lift uteriala au 
prodded 4etaila4 imagery of the upper 40 iachea of tbe profile. Thie 
eite repreMatecl the loae aucceaa of tbe rad.ar when uaed as a aonitoriq 
tool. 
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USULTI 

le9Ult• of thia field •tudy are di•couraaiaa in tera. of •• illlaedi•t• ... 
for the preHat radar •Y••· SCI'• atate-of-tbe-arta iap.U.M radar 
ayet• doea DOt work. •11 nor can it be UH4 ef fectiwly •• a 41Q&lity 
eoatrel or ..,Utortag tool in 110at •r•• of !forth Dakota. Jl1&h 
electrical coaduetiTiti•• limit the radar'• pro~iaa depth .... the clarity 
of t'be araptdc iua••, aad aake thi• geephyaical tool wanital>l• for aoat 
eotl iave•ttaatiou in areaa of loamy au clayey Mila. 

Aaaotated c:opi•• of tbe araphic profil•• ...... ha•ll returead to •1 !kart, 
State Soil Sc.ieat:iat 1 uader a Mparat• co'Wer letter. 

1 wiell to tbaak you for tbie opportmait7 to retura to .. rth Dakota and co 
explore ti. potential• of en. tecbaoloay. while tiaappoiatiog, tbe 
renlta of th1• field ei•y are Yital for the aaMa .. at of GR. 
techaiquea witlU.a SCS. I viah to atea4 a special tllenb to -i.ra of 
,-.ur at&f f for a aoat enjoyai.le aad profitable field experience. 

JAMii A.. DOOLITTLB 
loil lpecialiet (Gl't) 

cc: 
A. JlollallCl, Dil'e4tor, BllTC, CMater, fA 
T. lhiflet, Director, KWl'lC, Liacola, ft 
I.. Arneld, llea4 of Soil Sarwy Staff, llBQ, Wullinato'll, DC 


