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1 0  PLXF'OSE a 
This standard operatmg procedure (SOP) discusses the equipment and procedures that will be used at the Rock  Flats 

Envuonmental Technology Site (WETS) for dnllmg and obtammg samples of soil and rock usmg hollow stem auger 

and/or rotary dnllmg or rock conng techniques In general hollow stem auger conng will be the preferred technique 

for obtammg envuonmental samples of subsoil and weathered bedrock from boreholes at the WETS and rotarv 

dnllmg or rock conng techniques will be the preferred method for obtammg unweathered (fresh) or deep bedrock 

samples This SOP descnbes the hollow stem auger dnllmg and samplmg equipment the rotary and/or rock conng 

dnllmg and samplmg equipment the mstallatlon of isolation casmg between the alluvium and bedrock the use of 

special surface casmg in known or suspected soil contammated areas (SCA) the decontammabon of equipment and the 

procedures and documentanon that will be used for field data collection m order to attam acceptable standards of 

accuracy comparability and completeness 

2 0  SCOPE 

This document which supersedes procedures GT02 Drillmg And Samplmg Usmg Hollow Stem Auger 

Techniques GT 03 Isolatmg Bedrock From Alluvium With Grouted Surface Casing and GT 04 Rotary Drillmg 

And Rock Conng, constitutes a Standard Operatmg Procedure (SOP) that applies to all Rocky Mountam Remediation 

Services (RMRS) personnel and subcontractors conductmg borehole dnllmg and samplmg operations and related work 

at the WETS The procedures descnbed herem will be followed whenever dnllmg and samplmg operations or 

associated activities are bemg performed 

All field data documentation will meet the data quality objectives specified m the RMRS project work plan and/or other 

controllmg documents 

e 
I 

3 0  REQUIREMENTS 

A RMRS or subcontractor representatwe with experience or trammg related to borehole dnllmg and samplmg 

operations will conduct oversight and supervlsion of any dnllmg field operations All dnllmg and samplmg is to be 

performed by a reputable fhn with proven borehole dnllmg samplmg, and well lnstallanon experhse 

The followmg sectlon idenbfies the personnel qualifications and the procedures and equipment r e q u d  to conduct 

borehole dnlling and samplmg operabons and related work 

I 
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3 1  Personne 1 ouallficatllons 

Personnel overseemg dnllrng operauons and perfmmg the duues of the ng gookqprs should have a mmnnum of a 

B S  or B A  degree rn geology and have applicable field cxpcncnce Other qualtfied personnel may mclude 
geotcchnical cngmcers or field technicians wlth an appropriate amount of appllcrbk fieM experience or on&jOb 

tnunmg under the supervision of another sualtfied person 

Personnel performmg these proceduns are rcquped to have completed the rmtLal4o-hOur OSHA classroom tralnmg 

that meets Dqmtmcnt of Labor Regubon 29 CFR 1910 12O(eX3Xi), and must m8mtam 1 CUmLlt mnmg status by 

complchng the appiopnate 8-bour OSHA nMer coufses 

4 0  

4 1  

Hollow-stem augers are one type of contmuous-fllght auger used for advancmg baeholes when ducnte samples of the 

subsurke matends are obtamd. lhey are pirrtlcularly fot smplmg maticnab w l  a tendency to cave in 

and for cnvuonmcntal samphg. lhc augers collsst of sectlc#u of steel hlbing (up to 5 lket long) with steel helical 

flights around the outslde Segments of auger are added as the borehole advacss, and samples are ntneved through 

the mside of the auger wahout havmg to nmovc the auger f k u  the borehole hmg tlanplmg 

With thls tcchqw samples wdlbe obtamsdathcr wah stendatd spht spoon orCaMnmadne samplers, or with a 

conbnuous core augenng tcchquc 'Ihe conmuous c m g  achnrque can obtam up to 5-foot-long corcs m a 5-foot 

long sample bsnl, however, at RFETS, sampling wdi be conductsd m mcmwnts of 2 &et to eahsnce sample moven  

unless othcnwsc sp0cdk-J m the Field Samplmg PIan (FSP) h v e  samplmg WIU MItmrrlly obtam B 12- to 18-mch long 

sampledependmsonthe~of the  Sampler vlsasl loggmgoftheallwulmdbeclpodc~w beperfonncd 

accordmg to SOP RMRSKIPS-PRO 101, L#ggmg Alluvial and Bcdmck M8ted SIlmPlmg for chemical analysrs is 

addressed mtfus SOP AU. samplmeequtpnentvvlllbepm&cted tiOmthegragldsurhcedclearplastx sheetmg 

All dnllmg andsamplmgachvttmdbeconcfucad m ~ ~ t h e p o J e c t H e 8 l t h a a d s I f h t y  Plan 

. 
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4 1 1 Equipment and Materials a 
Some or all of the followmg equipment and matenals are needed for hollow stem auger dnllmg and soil samplmg 

Only the tvpes of samplers requlred bv the samplmg specified m the FSP will be requwd on a given project Sample 

barrels will have permanent (welded or stamped) identification numbers on them 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Dr111 ng equipped for dnllmg and samplmg with hollow stem augers 

Connnuous core augenng equipment (mcludmg 2 112 to 3 mch mside diameter sample barrel suitable for 

2 foot sample rods) 

Standard split spoon sampler (ASTM D 1586) 

California spoon sampler 

Brass (or stamless steel) California h e r s  (2 mch-diameter) 

3 inch long stamless steel volatildsemi volatile organic analysls (VOA) sample h e r  for contmuous 

auger core barrel 

Teflon@ film (cut m 4-mch x 4-mch squares) 

Plastic caps for California and VOA h e r s  

Stamless steel mlxmg bowl and utensils 

Self adhesive labels 

Ice chests (sample shuttles) 

Long-handled bnstle brushes 

Wash/nnse tubs 

Phosphate flee lab-g.de detergent (e g Liqumox) 

Location map 

Weighted tape measure 

Water level probe 

Distilled or d e i o n d  water 

Drums for conmnment of cumngs 

Appropriate health and safety equipment 

Field book with black waterproof pens 

Bonng log forms 

Daily Field Dnllmg Amvines Repon (Form PRO 1 14A) 

4 1 2 Drilling Procedures 

Boreholes will be dnlled by usmg hollow-stem augers and the samplmg equipment requved by the FSP All dnllmg 

RMRYOPS PRO I14 (REV OMOIiZW99) 
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equipment, mcludmg the ng, water tanks, augers, drill rods, samplers etc will be decontammated before amval at the 

work area. Between boreholes, all down-hole equipment will be decontamurnhA and samplmg equipment will be 

decontammatcd between samples Eqtupment wll be urspected for evidence of fuel oil or hydraulic system leaks (see 

SOP RMRS/OPS-PRO 127 Field Decontmmatron Operat~ons, and SOP RMRs/ops-PR0070, Decontamuranon of 

Heavy Equipment at Decontamlnatlon Facillt#s) If lubneants am rcquned for downhole equipment, only pure 

vegetable oil will be used 

Before dnllmg, h g s  wlll have been located, nunbered, and idcntdkd u s q  stakes or merkmg pamt on paved 

surfaces Bunad metal obJectr wdl have ban located by usmg geophysical methods end utllay clearance wdl have 

been accomphshed accordmg to SOP RMRS/OPSPRO 102 Bonhok Clcarmg 

After boreholes have been cleared and okuct~ons moved, an exclusion zone wdl be establuhed sccordmg to the 

project Health and sefety Plan, and the dplll ng will be set up The bonq will bedvan& to the depth mdmtcd and 

sampled accordq to the FSP 

F o r m  when e n m e n t a l  samples wll be obined mthe bedroclr, surfice cmmgmay be requned. If surface 

casmg u required, It wdl be mstrlldd accodngto S u b m  4 4 of tfiu SOP ’Ihe barom of the slnfba caslng will be - 

a embedded mthe bedrodcaccordrngtothe procemneS outlmed m subseCtlon44 The embedment may vary fix 

monitonng wells accordmg to the FSP or p j ~ ~ t - ~ p ~ i f i ~  work plan Afta mstalhq the the bedrock will be 

dnlled and sampled by  US^ hOllOW-Sam small to fit tfmweb the COS- 111 bonholes fix 

envmnmental samplmg In boreholes thst llct dnlled only for gdogx hydmuhc or geotechnd testm& or 

monmrtng well mstalkon, the portion of the borehde below the cas- may be dd ld  ltsurg cmvmaonal rotary or 

rock coMg techques as desgl’bsd 111 ~ubDectron 4.2, (Ratrry hlhg and Rock corn@ O f  thls SOP Thts will 

normally allow for the use of a smaller d m a ~ ~ ~  srnface casmg. 

6 
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However it is frequently difficult to determme the true water level m hollow stem auger bomgs at the tune of dnllmg 

particularlv when dnllmg III low permeability soil or bedrock Therefore water levels will also be measured each dav 

before drillmg begm and recorded on Form PRO 114A In low permeability deposits it is possible for a borehole to 

be drilled below the groundwater level and not collect water for several hours or even davs It is therefore unportant 

to note moisture changes m the samples when evaluatmg groundwater conditions at the tune of dnllmg DuMg the 

dnllmg and while the augers are bemg removed, the cuttmgs and unsaved pomons of samples from the boMg will be 

contamerued accordmg to SOP RMRS/OPS PRO 115 MonitoMg and Contamemg Dnllmg Fluids and Cuttmgs 

and SOP FO 9 Handlmg of Residual Samples 

4 1 3 SarnplingPr0cedure.v 

4 1 3 1 Conbnuous Core Auger Samplmg 

The contmuous conng method advances a split barrel that is contamed withm the lead auger The augers rotate around 

the sampler and cut while the sample barrel is prevented from rotatmg Contmuous core samples are collected m the 

barrel The barrel will be unlmed except for a 3 mch long stamless steel VOA sample h e r  (if VOAs are collected) 

placed at the bottom end of the barrel duectly behmd the cuttmg shoe Once the core barrel has been removed fiom the 

borehole opened, scanned for VOA and dological  contammation (see SOP FO 15 Photoionlmtion Detectors and 

Flame Ionmition Detectors and SOP FO 16 Field Radiological Measurements) and measured, the VOA sample h e r  

will unmediately be capped with Teflon@lmed plastic caps sealed with electncal tape labeled and placed m a cooler 

with ice In order to obtam a composite sample for additional analyses mcludmg semi VOAs the sampler will be 

closed and placed m a safe locanon out of the duect sun until a sufficient mterval of samples have been obtamed 

Once the samples have been obtamed, the core barrels will be opened and each sample will then be classified logged 

peeled composited, and placed m appropnate contamers for analvtical testmg accordmg to SOP RMRS/OPS PRO 069 

Contammg Preservmg Handlmg and Shippmg Soil and Water Samples Sample mtervals and requrements for 

compositmg will be defined m the FSP or project-specific work plan 

Sample peelmg will mvolve discardmg the pomon of sample that was m dlrect contact with the sampler Once the 

samples have been peeled, a h e a r  scrapmg of the peeled samples will be placed m a stamless steel bowl and mired 

with a stamless steel mstrument Soil parhcles (gravel) larger than the jar mouth will be dlscarded Peelmg and 

compositmg will be conducted with separate decontammated stamless steel mstnunents If the core is not coherent. 

core samples need not be peeled before samplmg because it is difficult to be certam what parts of a noncoherent sample 

were m contact with the sampler 

Samples for geotechnical testmg will consst of approxunately 3/4-filled pmt s d  glass  jar^ with avaght lids placed m 

RMRYOPS PRO I I4 (REV O)(Oli7.W99) 
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compartmented shppmg cartons designed to prevent breakage of the  jar^ Sample peelmg IS not r e q u d  for 
geoteChn1cal samples 

1 

4 1 3 2 Dnve Samplmg 

Dnve sampks will be obcruned m gareral accordance with ASTM Designahon D 1586 Afber dnllmg to the 

prrdetermlned Qpbr, the standad spia spooa or Cdlfomla sampkr wdl be attdtdto the end ofthe MI rod and 

lowered to the bottoin of the h g  The standard 140-pound hammer assembly wdl then be attached to the top of the 

dnll rod. The depth to the bottom of the sampler will be ncorded, and refkena marks at dmch ~ncremartr wdl be 

placed on the drill rod. The test conswts of dnvmg the sampler wltfi the stoldrrd 14O-pound hammer dropped 30 

mches 

* A Caltfomla banel wrth brass (or stamless steel) luKn may be substlarted *the standad splrt band The mtegnty of 

the sampk can generally be better inamtad smcc thm-walled hers comumg the sampk cau be moved hrn the 

baml and sealed. Smcc the Cahfmla sampler u shatter than the stauddsphtspoo~l sampler It wtll be dnven only 12 

mches Rccordmg the blow counts for each dmch mcnmcnt IS optional However, several blows arc rcqurnd before 

marlung and countmg blows to seat the PBmpkr 

A Callfonua h l  has a 2 5-mch 0 D and a 2-mch mside dramaer ( I D )  Modrfied Cahfbma stmpkK w d ~  larger 

dmm- am also avmulable 'Ihe liners fa aconventmnal CalifmbarrtI have a 194-mch ID Althougb not 

pnclsely equ~vdcnt, the blow count obtamcd by usmg a 2-mdr I D CaMmua * bwelw&qusn$yconsldercdtobe 

comparable to the N-valuc obtamcd usmg a standard barrel Blow counts using larger sampkn wdl not be equtvalent, 

and largerhammarsmay bercqumdtadnvetbanuncksomem~ 
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Photoionization Detectors and Flame Ionuation Detectors and SOP FO 16 Field Radiological Measurements Standard 

split spoon samples saved for geotechnical testmg will consist of 3:4 filled pmt sued glass  jar^ with autight lids placed 

m compartmented shippmg cartons designed to prevent breakage of the  jar^ Samples for VOA analvtical testmg will 

be obtamed bv placmg a 3 mch long stamless steel VOA sample h e r  at the bottom end of the barrel drectly behmd the 

cuttmg shoe Composite samples for additional analyses mcludmg semi VOAs will consist of hea r  scrapes fiom 

three consecutive peeled samples (see Subsection 4 1 3 1) placed m contamers descnbed m SOP RMRsiOPS PRO 069 

Contammg Preservmg Handlmg and Shippmg of Soil and Water Samples For California h e r  samples the 

geotechnical samples may be saved rn the h e r s  with plastlc end caps 

4 1 3 3 voc Samplmg 

Unless otherwise specified m the project specific work plan the followmg procedures apply when collectmg VOC 

samples 

0 VOC samples will be collected from the base of every other 2-foot dnve sample from the ground surface 

to the water table 

0 A VOC sample will be collected m the bottom of the fm dnve sample below the water table 

0 A fmal VOC sample will be collected from the base of the fmt dnve withm bedrock lmmediatelv below 

the alluvial matenal m unsaturated conditions 

0 Additional VOC samples will be collected as follows 

If a lithologic feature or OVA readmg mdicates the possibility that VOC contammation exists then a 

sample will be taken at the base of the next dnve mterval 

If the sampler is opened, scanned and a color change flee product, or other physical evidence mdicating 

the possibility for contammauon is observed m a locauon other than where a pretargeted VOC sample IS 

located, a 3 semen will be unme&ately cut, pulled, wrapped, placed m a wide mouth jar and sealed 

The sample will be sent to the lab for subconng and analysls 

RMRYOPS PRO I14 (REV 0)(01/36/99) 
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4 1 3 4 Quahty AssurancdQuality Control Samples 

Quality Assurance (QA) and Quality Control (QC) act~viues will be accomphshcd m d m g  to applicable project plans 

as well as quality requvemcnts presented m t h ~ ~  SOP 

QA samples for soils fall mto five categmes 

SOP RMRS/OPSPROO69, conraurm& PnSaMag. Hand@, and Shqrpmg Sod and Water Samples descnks the 

general handhug of samples AppllcrMe pglect Piprro specify QA sample hqaencm Iftnsufficmt sample matend IS 

awlable for the collcchoa of a ptannsd QC sample, the condttlons that pmmt the collseaon of the QC sample will be 
documentad m the field log book and 011 dre Duly Fwld DnWq Acthtws Repar Folm (PRO 114A) The Project 

Manager will be lnfanned that QC ssmpids were not collected as phaned sothat rtay tmpllctJ bo the QNQC goals 

establrshed m applicable proJect plans can be evaluated. 
0 

If sufficient matenal IS avIulabk to c o b  a planaed QC simple, the QC sample wdi be wllcctad and documentation 

will be recorded m the field log book end on tbe Dady Field I)nlhg Activffies Report Fomr (PRO 114A) Sample 

collechon proceduns will be the s ~ m f  as those desgl'bed m Sect1011 5 0 Ebp dupkte, matrix spike, and duplicate 

midnx splke samples 'Ihese sampks arc lntcndtd to be as cIose to exact rephcates ofthe m e  samples as possible 

They are obtamcd unmedmtcly sdjacenttothc ptslmed samples thatthey arc mtemklb duphcste The hollow srem 

auger barn1 should be designedd w~to -two 3-lath stltnlsss -1 h &OW the shoe 

?hrs design wdl be used to collect a VOA sod sample and Itp rephate hpct or sttMpeclfic QC sample collection 

techniques wlll be addreJsed m eahesthe fieldsrmplmg plan, work plan, or Qualtty Assurawx Addardum 
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Field blank samples are contamers filled with clean water that are handled and moved the same as the other samples to e 
check for potential cross contammation resultmg from field handlmg and movement procedures 

4 1 3 5 Drum Charactenzation 

When obtammg geotechnical samples stnctly for the purpose of charactenzmg the envuonmental matenals present m 

drums the procedures covered m SOP RMRYOPS PRO 1 15 Monitonng and Contamemg Dnllmg Fluids and 

Cumngs will apply Procedure RMRs/OPS PRO 1 15 descnbes the proper methods to manage mvestigation denved 

matenals (IDM) the procedures to secure drums for contamenzmg the IDM and the monitonng of the IDM dunng the 

dnllmg and conng operanons pnor to fillmg the contamers The h a 1  disposihon of the IDM IS covered m SOP FO 29 

Dlsposinon of Soil and Sedunent Investigation Denved Matenals but does not apply to the procedures covered m this 

SOP 

Dunng dnllmg operanons envmnmental matenals consisnng of alluvium colluvium or bedrock sedunents 

accumulate adjacent to the borehole and are then shoveled mto drums As drums are bemg filled representative 

samples of the matenal fillmg the bottom middle and upper pomon of each drum will be collected and composited m 

a stamless steel bowl kept m a safe location out of the sun These matenals may be collected either from the matenal 

fillmg the drum, or as samples taken from the core representmg the same mterval contamed m the drum As core IS 

recovered each core is scanned for VOA or radiological contammanon followmg the procedures m SOP FO 15 

Photolonuanon Detectors and Flame Ionlzanon Detectors and SOP FO 16 Field Radiological Measurements and is 

therefore representative of the marenal fillmg the drums The matenals from up to four drums from a given borehole 

will be composited m this manner The samples will then be placed m the appropnate contamers for analyhcal tesnng 

When obtammg geochemical samples fiom drummed mlxtures of bedrock and water resultmg h m  dnllmg operations 

a bailer will be used to obtam a sample fiom the bottom, middle, and upper portion of a drum Matenal fiom up to four 

drums from a given borehole will be composited m this manner The samples will then be placed m the appropnate 

contamers for analyt~cal tesnng (NOTE m areas outside of IHSSs no further charactemanon samplmg will be done 

than is stipulated m the Field Samplmg Plan ) 

Dunng dnllmg of boreholes if a recent borehole (withm one year) that has been sampled IS located withm 10 feet of the 

present borehole no adchnonal samples for drum charactemahon purposes only will be collected All cored matenal 

will be saved m case it 1s needed for future analysls 
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b 

b 

4 2  RotarvDnlllnpgsdRock conng 

Rotary dnllmg and rock conng methods that use aw or water as the dnllmg m& am common technques employed to 

obtam strahgraphic, lithologic hydmgcomc, geotechnical and envvonmenEal data, as well as a means for monltonng 

well mstallmon As stated m Subsection 4 1 of ths  SOP hollow stem contmuoru-flrgbt augers will be the p r c f d  

techque for dnllmg boreholes to collect mvlloomenEBi samples of soil and roaG The use of au or water can aher 

analybcal chemlsay or physical property test results by akmg sample m o m  by volathmg contammauts (m the 

case of au), or by warhmg them away (mthe case of water) Usmg water when dnllmg c~lll also eha the groundwater 

chemtary m the wctlllty of the borehole, and ncccIs to be acanmtd €br durmg the development of wells Romy 
drilling and rodrcormgmay be used for advancmg boreholes w& 0rvnthoUtcmmmmaW smnplii m lxwes of hard 

m a t a r a l t h a t c a n a O t b e ~ W l d r a u g g 0  
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b 

Bedrock Uatenal) 

Black waterproof (permanent) markmg pens 0 

Additional equipment for rock conng will consist of the followmg 

0 

b 

0 

0 

0 

0 

0 

0 

0 

0 

4 2 2  e 

Core barrel assembly 

Wue lme or core rods 

Core boxes with wooden blocks 

Measunng tape 

Camera (if separate loggmg facility 1s utilued) 

Core barrel rack 

Plashc wrap for core 

Dnll ng with appropnately sued dnll bits and rods 

Portable recuculatlon tanks for water rotary 

Preapproved water supply for water rotary 

Conveyance equipment (pumps and hoses) 

Drilling Procedures 

Boreholes will be dnlled usmg a ng equipped with rotarv dnllmg equipment capable of advancmg the borehole to the 

depth specified m the (FSP) All dnllmg equipment, mcludmg the ng water uansportatlon tanks bits and dnll rods 

will be decontammated accordmg to SOP RMRs/OPS PRO 127 Field Decontammanon Operations and SOP 

RMRS/OPS PRO 070 Decontammanon of Heavy Equipment at Decontammatlon Facilitles These decontammation 

procedures will also be followed between boreholes for downhole equipment and between work areas of different 

contammant charactenzatlon for the dnllmg ng Dnllmg equipment will be mpected to ensure that hydraulic system 

and fuel leaks do not mmduce organic contammation on site or mto the borehole Any leaks that may mmduce such 

contammation wdl be repalred before dnllmg If lubncants are requred for downhole equipment, only pure vegetable 

oil will be used 

Borehole locatlons will be cleared before dnllmg accordmg to SOP RMRS/OPS-PRO 102 Borehole Cleamg Dnll 

fluids and cuttmgs will be handled accordmg to SOP RMRSiOPS PRO 115 Monitonng and Contamemg Dnllmg 

Fluids and Cumngs Boreholes will be abandoned accordmg to SOP RMRs/ops PRO 117, Pluggmg and 

Abandonment of Boreholes All procedures will be conducted accordmg to the applicable Health and Safety Plan 

Project-specific requuements wdl be addressed m a work plan 

-&PRO I14 (REV OMOl/26/99) 
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4 2 3 Rotary Drillmg Tahnques 

Conventlonal rotary dnllmg mvolves the mtroductmn of a dnllmg medium (au or fhud) mto the borehole through the 

dnll rods and cvculatlon of the m d u m  back up the hole to remove dnll cutpngs Ihe hole IS advanced by the cuttmg 

acnon of a rotatmg dnll bit at the bottom of the hole Reverse cuculatxm methods arc smiiar to mvennonal rotary 
methods except that the dnllmg mtdlum is mjected down the annulus between an mmr d ou&r double casmg and 

returns back up the wide of the mq cas- Some revcrsc cmuiatmn methods use rotary tcchmques, some use non- 

rotatmg percussion tcchqucs, and some use a combnurtlon of the two When rotary d r i h g ,  samples of cuttmgs saved 

for gtotechnd mtmg or fuave geologc refiirsna wll be plpced m pa-SI& pfas4c j s r ~  wth scrcw-on tops and 

saved ln core boxes 

4 2 3 1  DnIlmgWithWater 

Water used for rotary d d m g  wdi co~ulst of RFETS potable water Water maqmmcm tnlo and conveyance 

equipment wdl be C0ntammant-h and dcdlacd for the use wlth pespprovsdwaterto enswe that the pnawKoved 

water mtroducd mto the borehole IS also cmtaammt-tkc PottobledeconQmEltsd~mcacrhanon tanks will be 

used for rotary operations Excavated sumps or p& (Imed or uatmed) vvlll not be Ifcavmg bscomes a problem 

dunng dnllmg with water, super Gel-X (powdered benbnute) or btodegradaMe dnllmg a&ttves such as guar gum may 

be addedto the RFETS potable water to stopuptake of water by the hmatm ' andtopnvnrtholeIoss Alldnlltng 

addmves must be prc-approved by RMRS I#fore use ~n a bonhok, and they must be natd on the applicable 

documencahon Demntamlnatlon of tanks and conveyance equipment wdl slso be cmductd m BccOcdance with 

SOP RMR!UOPSPRO 127, FleM Dcummwm * Operam and/or SOP RMRS/OPS-PRO 070, Decontolmmation 

of Heavy Equpment at Decontsmm F a c i h  

4 2 3 2  DnllmgWithAu 
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a Dust control measures mav also be requued accordmg to the Field Operations Plan (FOP) and Health and Safetv Plan 

(HSP) The auborne dispersion of cuttmgs can be controlled to some extent bv cuculatmg the r e m  au through a 

vortex or cvclone See SOP FO 1 Au Monitonng and Particulate Control for more mformation 

4 2 4 Rock Coring 

Conmuous core samples collected usmg rock conng methods can be used to o b m  relanvely undisturbed samples of 

rock for suangraphic lithologic hydrogeologic and envlronmental data Convennonal rock conng methods use a 

diamond or mert conng bit mstead of a conventional mcone or granular rotary bit 

Contmuous core samples will be extracted h m  the core barrel placed on core racks or dvectly placed mto a core 

storage box It will then be logged by qualified personnel accordmg to SOP RMRs/OPS PRO 101 Loggmg Alluvial 

and Bedrock Matenal All core boxes will c o n m  appropnate size blocks that will show the depths of the recovered 

core (top and bottom) h m  each run any mtervals of no recovery and mtervals where samples for analytical analysis 

or geotechnical testmg have been removed Conng equipment will be decontammated accordmg to SOP RMRs/OPS 

PRO 127 Field Decontammanon Operat~ons 

Au or water dnllmg media used for conng must be contammant fiee Therefore the provisions requmd m Subsections 

4 2 3 1 and 4 2 3 2 for dnllmg fluids also apply to rock conng procedures 

4 2 5 Sonic Drilling Techniques 

Sonic dnllmg is achieved by a dnll head that transmits high fkquency pressure waves through steel dnllmg pipe to 

create a cuttmg acnon at the np of the dnll bit Pressure waves are created by center-rotabng offset balanced roller 

weights The fiequency of the dr~ll stnng causes the column to vibrate elasncally along its longitudmal axis In the 

resonant condnon the dnll stnng acts as a flywheel uansmittmg maxunum power to the dnll bit This power 

combmed with slow rotanon to expose fresh matenal to the bit and slight downward pressure advances the dnll s n g  

through soil and rock without the a h o n  of a dnllmg medium 

Because the dnllmg amon and thm wall design of the dnll stnng either forces the @laced matenal mto the wall of the 

borehole or mto the core barrel very little waste cuttmgs are generated 

Samples will be o b m e d  by wbraang the dnll bit and rotamg the core baml to the desired depth advancmg the outer 

dnll pipe and then pulhg  the sample to the surface via the wvelme Once at the surface the sample will be vibrated or 

RMRSIOPS-PRO I I4 (REV 0)(01116/99) 
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hydraulically extracted fiom the con  barrel mto a plashc slave or clean sampk tray After a sampk IS collected, the 

core baml wll be decontarnd and d e d  to retneve the next sample 

4 3 Procedure for Isolatmo Bedrock h t h  e Alluviu~ 

Thls semon describes the procedures that wdl be used at the RFETS to install surface casmg (wkm rcquued) grouted 

mto the top of bedrock to lsolate the bcchck fiom the alluwm The mtcnt of unpluncntmg ths procedure IS to 

pnvalt cnws-contammatlon i h m  the alhvluIn Into the badaock Thts may be tequaed fot alvKo&men~ sampllng of 
the bedrock m boreholes and for ums&ructm of bedrock rnomtomg wells 

If requmd, surface casmgs wlll be d c d  m boreholes dnkd and log@ accadmg to pioceduns outlmcd 111 

Subsechon 4 1 of thu SOP and m SOP RMRs/ops-PRO 101 Allwird and BBdroclc Miwmal All dnlhg  

and samplmg cq\upnent wdl be decon6smmmad d u ~ g  to SOP RMRskosspRO127, Fmsld Decontammaaon 
m o n s ,  ador SOP RMiWOPSPROo70, 
Mllmg andsamplmgequqnneatdbe protcctsd fnnnthegrouadsurfacewithc~ptrstlc sltrastng or p W o n  

clean &Ill racks 

of Heavy Ecppmt at -on Facil~t~es 

The followmg 1s a 1 s t  of equpincnt and msterhls used for surfece cnsmg d h o n  
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0 Distilled or deionmd water 

0 Plastic Sheetmg 

4 3 2 Casing Requirements 

Surface casmg will consist of new schedule 80 poly vmyl chlonde (PVC) or steel well casmg PVC casmg will be used 

for nommal casmg diameters of 6 mches or less Larger casmgs will be steel Jomts will be watertight threaded 

couplmgs made without welds solvents or lubncants The casmg will be embedded mto the top of bedrock and extend 

to approxunately 1 foot above the ground surface Casmg centraltzers are ophonal and if requued can be attached to 

the casmg to allow uniform groumg If requued, at least 2 centralmrs will be &led, one withm 5 feet of the bottom 

and the other withm 5 feet of the top of the casmg All surface casmg will be h e  of foreign matenal and will be 

decontammated accordmg to SOP RMRS/OPS PRO 127 Field Decontammahon Operauons Decontammated casmg 

will be stored m plashc sheemg or kept on clean racks pnor to use 

4 3 3 Grout Requrremenrs 

The grout mlxhlre will consist of cement and reduced pH bentonite grout (Amencan Colloid Pure Gold or approved 

equivalent) mlxed accordmg to the manufacturer's recommendanons The mixture will contam 5 to 10 percent 

bentonite by weight and have a mmunum density of 13 to 15 pounds per gallon after mlxmg The densitv will be 

measured usmg a mud balance 

4 3 4 Drilling Wethods 

Boreholes will be dnlled mto the top of bedrock usmg hollow stem augers Alternatively conventional rotary or 

reverse clrculation rotary methods may be used however due to the vanability of these methods theu use mav be 

outlmed m a project-specific work plan Dnllmg equipment mcludmg the ng, augers, h l l  rods, and samplers will 

be decontammated accordmg to SOP RMR!3/OPS PRO 127 Field Decontammauon Operations and SOP 

RMRS/OPS PRO 070 Decontammation of Heavy Equipment at Decontammation Facilities The borehole will be 

of sufficient diameter to allow 2 mches of gout  between the casmg and the borehole 

The embedment of caslng mto the bedrock will be a mtnunum of 3 to 5 feet mto the weathered bedrock However 

the mtent is to place the bottom of the casmg approxunately 3 feet below the mtcrface descnbmg a substantial 

reduction m hydraulic conductivity If the uppermost weathered bedrock is highly weathered and/or fractured this 

embedment depth will be adjusted downward Based on field expenence at WETS casmg may be emplaced to 

depths of up to 60 feet m highly weathered or frachved bedrock to ensure a good seal When very shallow bedrock 
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boreholes are augered to total depth m uncontammated areas, surface casmg will 

will be drtlled and grouted in one day 

be used Instead the borehole 

Surface casmg will be emplaced to a depth that will isolate the upper hydrostratlgraphic w t  (UHSU) from the 

lower hydrostratqgaphic unit (LHSU) I f  unweathered claystone IS encouIltcrcd at the base of the UHSU surface 

casmg will be embedded a mmunum of 3 fat  mto the LHSU If the core samples rndicate siltstone or sandstone 

unmediately below the base of the UHSU, dnlllng will continue unhi a minimum of 3 fctt of unweathered claystone 

is encountered. The surfact casing may then be mstalled 

MtMf 

Install the surfhafslag by pkmg the camg mto the m g  t& cas~wtdrgrout ad then forcmg the grout 

from wthm the c a s q  by pushmg a rubber plug down the casmg, thus dwplacmg the gmut out h u g h  grout ports at 

the bottom ofthe casmg Implemcnbngthumethod IS mmdedto p w d e  a IKU€" seal itom the base of cawg to the 

ground surfhce The sapa for casmg d l a t ~ o n  am descnbtd below 

Measun the borehole total depth usmg a weighted tape meaSun calculate the volume of grout requved 

forthe annulsrspsabetwcmthecasmg and the borehole wall Inawsethevohmeby 10 to 30 percent 

deP=w3on-- * 8nd~cterofbOrchole 
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rods or water pressure Add RFETS potable water to the mside of the casmg as the plug is bemg forced 

down The water will aid m equallzmg the pressure of the grout on the plug until the grout has set After 

grout has been observed at ground level on the outside of the surface casmg the depth of the plug will be 

checked with the tape measure 

Place a protective cover over the top of the casmg and allow the grout to set for at least 24 hours 

After the grout has set, dnll out the grout and plug to a depth of 2 to3 feet from the bottom of the surface 

casmg and remove or change out the fluid from the borehole by ar lift methods or bailmg Remove the 

water mide the casmg by ar I& methods or b a h g  before the plug is dnlled out and the borehole is 

advanced past the bottom of the casmg 

Wethod 2 

Method 2 is the same as Method 1 with the followmg modifications The surface casmg may be mtalled by filling the 

borehole with grout as the augers are removed, placmg the casmg mto the grout filled borehole after auger removal 

then forcmg the grout from withm the casmg usmg a rubber plug 

Place surface casmg with threaded PVC cap or rubber plug on bottom end mto borehole Fill surface casmg with 

potable water to ensure positwe pressure Followmg mstallatlon of surface casmg m the borehole a 2 to 3 foot thick 

bentonite seal consmng of 'A mch bentomte pellets will be placed at the bottom of the annulus surroundmg the surface 

casmg If the borehole annulus does not conmn water potable water will be added to hydrate the pellets pnor to 

groutmg Followmg the lnstallatlon of the bentonite seal the grout seal will be emplaced m the annular space between 

the augers or dnll casmg and the surface casmg Upon removal of each -on of auger or dnll casmg additional grout 

will be added to the annulus The grout will be emplaced by means of a tremie pipe The grout will be allowed to set for 

24 hours before advancmg the borehole 

4 5 Suecialmd Surface Casmn Installanon Procedure 

In areas of known or suspected sod contamumon, a procedure for d m g  a special s u r f .  protective casmg has 

been devised that can elunmte, or substantdly reduce the potentd of carrying contammants mto the subsurface 

dunng dnllmg operat~ons Thls method IS r e f d  to as the Aseptlc Dnllmg and Samplmg Technique and was first 

used at WETS m 1994 The aseptlc method IS illustrated m Figure Pro 114-1 ( consmg of two pages) which shows 

five phases from mtlal surface samplmg through excavanon and surface casmg emplacement, that precede the actual 0 
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drlllmg operatlorn 

To prevent or substantdly reduce the possibility of ctoss contammatlon occurrmg between potentially contammated 

surface soil and the soil or sedments adjacat to the well screen, the followmg steps will be followed 

A soil sample wtll be collected m ~CCO&IICC wah SOP-RMRS/OPS-PRO 120 Surfafe Soil Samplmg 

usmg the Rocky Flats method (Figure PRO 114-1, Phase 1) The sample will be analymd to detennme the 

ambient amhtumt cmxnuabtlolw. 

A hole approxmuktely 18 to 20 inches m dmmaff will be driiled or excavated at the site to a depth 

exceedmg the extent of contammatma (Fm PRO 114-1, Wase 2) 

A 16-mch or apprqm& sm dmmaff steel asmg WtH be ccmentd m plaa (F-PRO 114-1 Phase 

3) 

After allowmg24 hours for cement setuptme, asample can be collected at the boaam of the excavatmn 

as illustrased (Fqpe PRO 114-1, Phase 4) and submltrsd tk hbomtay aaafysw. 

A sealmg protectwe c w a d  bc mscalldd overdre casing (Figwe PRO 114-1, phsre 5), and the slte will 

runam secursd pendtng the analysts of the bottom hole sample, or a dccwon by the RMRS pro~ect 

manager to cmtmuc dnllmg operatrons 

Upon recemng an acqtabk laboratory analysis, a well can be dnlled and mstallcd accordmg to the 

procedurrs outhcd m thls SOP ami SOP RMRS/OPS-PRO 118, Monttor Well and hemmeter 

Inscallatlon. 

If the mmal sample analyus arc -k, addmoaal dnllutg, toiescopod cas- Qldlor Ssmgllng may 

b e ~ t o l s o l a t e ~  - aDnes 

5 0 BORING COMpLETlolv OR ABAlyDoNMENT 

After the borehole has been advrncsd to Ig lhl de@ it will edwr be abewbmd a cornpkdas a monitoring well 

accodng to the proceduns m SOP -PRO 117, Piuoslag a d  Abandament of Boreholes, or SOP 

RMRS/OPS-PRO 118, Mcm~tomg Web d plezwnncar lnstallatton 

'Ihe bonng locanon stake d be left m the gaud ad-t to the borshole, and a b u d  or othacowr placed over the 

holeunal ahas been grouted and aknQncdmmdng to the pocedures m SOP RMRsKIps-pRo 117 AN boreholes 

tobe~~wlthadephgragaff~lfoatwiflbegraubedthessmcdaythgtabendoamentucompleted. 
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Surface soil sample collected 

W 
Phase 1 

16mch (max )diameter 
steel wing 

Concrete 

- 

Not  lo Scale 

FIGURE PRO 114 1 
Schematic Dia rams of the Phases of 

Specialized Su 4 ace Casing Installation 
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6 0 DECONTAMINATION a 
Generallzed equipment decontammation procedures will mclude 

S a m ~ l m ~  eQuiDment Decontammatlon will be conducted between mdividual samplmg pomts to 

m m n m  potential cross contammatlon Samplmg equipment will be decontammated accordmg to SOP 

RMRS/OPS PRO 127 Field Decontammation Operations Dunng dnllmg and sarnplmg decontammated 

quipment will be placed on new plastlc or racks until it is used At least two sets of samplers will be 

available so that one set can be used while the other is bemg decontammated When conng bedrock 

usmg water as a clrculatmg medium no decontammatlon of core barrels or measurmg tapes is 

necessary between conng runs The core barrels and measunng tapes will be decontammated after 

each bonng is complete 

0 Dnllma e~uiument Decontammanon of augers dnll stems dnll bits, and other down hole equipment 

will be conducted after each bonng 1s complete Dnll ngs will be decontammated when moved out of 

work area, when they become unusually dvtv as a result of site or dnllmg condibons (at the dlscretlon of 

the site or project manager) or when moved to a new work area that has a different contammant 

charactenzatlon Decontammatlon of dnllmg equipment is descnbed m more deml m SOP RMRS/OPS 

PRO 070 Decontammatlon of Heavy Equipment at Decontammaaon Facilitles 

7 0  DOCUMENTATION 

All mfonnahon requued by this SOP will be documented on the Borehole Log Form (Form PRO 101A) and the Daily 

Field Dnllmg Actrvitles Report Fom (Form PRO 114A) The Daily Field Dnllmg Actlwtles Report Form will be filled 

out for each day of dnllmg at a given borehole locanon and, m sitllsinons where more than one bonng is dnlled and 

completed per day per dnll ng, at least one fonn will be completed per bonng The borehole log will mclude 

mformation on subsurface matend classlficanon and lithology The Daly Field D n h g  Actlvitles Report will mclude 

the followmg mformatlon and have space for comments and documentahon of general observatlons 

0 

0 Subconlractors 

0 LocatlonCode 

0 Date 

0 Weather condmons 

0 Dnllmg company and Mer 

Project name and borehole identlficatlon 
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U S DEPARTMENT OF ENERGY 

Rocky Flats Environmental TSCBnology Site 

FORM PRO 114.4 (Rev 0) 

DAILY FaELD DRILLING ACTIVITIES REPORT 

h O J e C t  Name S u b n m m x  Date 
Locauon Code Q Type 

h l l e r  DrllllagFluld: 

Crew Members Bit lLpe 

Dnllmg Co DnllmgMcthod. 

Geologst Ba Diamucr Inches 

Feet 

Qc 
m D l e  i# codc 

End of Day Status a c o m p l c t a d  

Chronologd Record of A ~ V I ~ I C S  and Comments 

Was there flud mthe hole atthe bcgtmmgofthe rbuly dnllmgopcrat~m? Yes No 

If yes what was the water kVeP Ft. 

Completed By Date 

Checked By Date. 

- RirrsNaW s- 

Rmt Name st- 


