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2 0 PURPOSE AND SCOPE 

Thus standard opera- procedure (SOP) desmbes procedures that WIII be used at Rocky Flats to 

measure water levels m wells and piezometers at the Rocky Flats Plant (RFP) Water level data can 

be obtamed from wells, piezometers, or from surface water maxufestahons of the groundwater 

systems such as splmgs, lakes, and streams 

Groundwater level measurements d be recorded to the nearest 001 foot and the accuracy of 

repeated measurements wdl be W I ~  0 05 foot Each well wdl have a permanent, easdy idenMied 

measmag pomt (MP) from whch the water level measurement IS taken For the purpose of thLs 
SOP, the M p  IS defmed as the surveyed pomt notched on the m e r  polyMnyl chloride (PVC) casmg 

from whch water levels d be measured 

Ths procedure desmbes vanous acceptable methods for measunng water levels m wells and 

piezometers whch wdl meet regulatory gudehes of 2auracy T ~ I S  procedure IS mtended to be 

suffiaently detaded so that conformance d result m rekable data whch are collected m a 

conslstent manner 

3 0 RESPONSIBILITIES AND QUALIFICATIONS 

I All personnel performmg these procedures are r q w e d  to have 40-hour OSHA classroom t r m g  

whch meets the Department of Labor reqwements 29 CFR 1910 lu)(e)(3)(1) Personnel are also 

reqwed to have a complete understandtag of the procedures descnbed w h n  this SOP and receive 

speclfic tramq regardmg these procedures, as reqwed For example, personnel who do not have 

prior expenence ID the use and cabbration of electnc sounders d be gwen oral mstrucbons and 

field demonstrations on the use of t b s  equpment 

‘i 
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4 0  

4 1  

Only quaMed personnel wrll be allowed to perform these procedures Requred quaUcahons vary 

dependrng on the achwty to be performed. The subcontractor’s project manager WIII document 

personnel quahfxahons related to &IS procedure ID the subcontractor’s project QA files 

REFERENCES 

SOURCE REFERENCES 

The followmg IS a k t  of references remewed prior to the wntmg of t h ~ ~  procedure 

A ComDendium of SuDerfund Field ODerations Methods EPA/540/P-87/001 December 1987 

Freeze, R Allen and John A Cherry Groundwater Prenhce-Hall, Inc Englewood Chffs, N J  

1979 

G G B  ancef r nduc F 1d.1 1 Unde r CERCLA Interun 

Fmal October, 1988 

Pational Handbook of Recommended Methods for Water-data Acawsition Department of the 

htenor 1977 

RCRA Fadtv  Investigation Gmdance Intenm Fmal May 1989 

RCRA Groundwater Momtom Techntd Enforcement Gwdance Document OSWER-9950 1, 

September, 1986 

J’he Enwonmental Survey Manual DOE/EH-0053 Volumes 1-4 August 1987 

(401 1-920-0034-920)(CWlREV2)(CQ/O1/92) 
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4.2 INTERNAL REFERENCES 

Related SOPS cross-referenced by this SOP are as follows 

e 

e 

SOP F03, General Equpment Decontammabon 

SOP GW 6, Groundwater Samplmg 

5 0  METHODS 

Field measurements typically d u d e  depth to standmg water and the total depth of the well Water 

level measurements d be recorded to the nearest 0 01 foot as specdied by the RCFU Guidance 

Document The method d also be adequate to attam an accuracy of 0 05 foot In adhtion, the 

followmg conhhons must be considered m order to obtam acceptably accurate groundwater level 

measurements 

A survey mark d be placed on the m e r  PVC well casmg for use as a permanent 

measunng pornt (MP) "%Is d be done bv n o t c h  the m e r  well cas 
- fd e 

* Water levels m piezometers d be allowed to s t a b k  for a mlnrmum of 24 hours 

after well construcbon and development, pnor to measurement Water levels 

reqwre varymg tune penods to reach stabc conbbons 111 new wells, therefore, the 

date and tune of construchon d be noted along wth the mt~al water level 

measurement, and the date and tune of the mhal water level measurement 

0 Water level rn em- wells should be measured pnor to purgmg and samphg I 
actmtles 

(401 1 9~92l ) (CWlRJ3'2) (03 /0 l /92)  
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At the RFP multiple sampllng events of the same well may occasionally occur over 

only a few days If some of these wells are slow recharge wells, water levels may 

not be representahve of stattc con&hons In order to prevent a mlsmterpretahon 

of stahc water levels due to ths scenano, the date of the last samplrng or well 

purgrng event d be documented m the water level measurement database 

e Stabc water levels d be measured wth electnc sounders If non-aqueous phase 

hqluds are potenhally present, an mterface probe d be used 

5 1 SURVEYING THE MEMURING POINT b 
J 

I Each well must have a permanent, easdy IdenMied notched MP on the north side of the m e r  PVC 

casing from whch the depth to water IS conslstently measured The MP should be estabhshed by 

a hcensed surveyor and typically IS located and marked at the top of the m e r  well casmg The MP 

should be estabhhed 111 relahon to an estabhshed benchmark such as those prowded by the U S 

Geologml Survey and/or a Nahonal Geodehc V e r t d  Datum (NGVD) The survey WIII also note 

the well location coordmates and the coordmates of any temporary benchmark 

For consstency, water level measurements must be referenced to the same datum or elevahon The 

MP is surveyed wth reference to land surface datum (LSD) and must be used each tune water levels 

are taken m a well The MF' IS used so that water levels can be converted to water level elevahons, 

expressed 111 mean sea level (MSL) elevahon 

The MP must be as permanent as possible, clearly defined, marked, and e a d y  located If at all 

possible, position the pomt so that a leveltng rod can be set on it duectly over the well and the 

measurmg tape can hang freely when it IS m contact wth the MP 

a 

(401 1 9mocRc920)(GWIFEV2)(D3/01/92) 
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A reference pomt (RP) for water level measurements 1s an addhonal datum elevahon estabhhed 

from a permanent benchmark and surveyed by a hcensed sweyor The Rp IS usually located on 
the top of the outer steel casmg and 1s used as a backup to the MF’ If a h4P 1s bturbed or 

destroyed the RP d be used to estabhh a new MP. 

DETERMINATION OF IMMISCIBLE LAYERS 

Currently, no known hstoncal ewdence emts to mdcate that lmmisuble layers (I e., dense or hght 

non-aqueous phase hquds) are present m the RFP groundwater Observahons of the tops and 

bottoms of the water columns 111 wells have not shown the presence of non-aqueous mmtsable 

phases However, because the potenbal may exst for the presence of rmmlsable orgmc compounds 

at some locabons, procedures have been estabhhed to detect the presence of these compounds and 

to sample them, rf present The first step m h s  process IS the d e t e m a h o n  of a posihve response 

uslng the orgaruc vapor analyzer m the well head, and then the determmahon of the presence and 

duchess of any hght/dense non-aqueous hqwds by use of on mterface probe I 

I 
P 

In the areas where a potenhal may exst for non-aqueous phase orgmc kqulds, t h s  procedure wdl 

be rmplemented along wth the measurement of stahc water elevahons m each well pnor to each 

samphg event 

5 2  1 Use of Interface Probe to Detect Immiscible Layers and Measure Stabc Water Levels 

Follow the manufacturer’s mtruchons for u b h o n  of the mterface probe As wth other water 

level measurements, the probe wdl be suffiaently prease to measure water levels to the nearest 0 01 

foot and the accuracy of repeated measurements must agree w h  0 05 foot When lowenng the 

probe, care wdl be taken to mumwe rubbmg of the tape a g w t  the well casing 

b 

? 
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Typically, the mterface probe d have Menng sound tones or patterns to drstmgush between 

aqueous and non-aqueous orgamc layers When meas- the depth to aqueous or non-aqueous 

phases, results wdl be recorded to the nearest 001  foot Results tdl be measured from the 

appropnate MP on the m e r  well casmg 

Due to the drfficulty m decontammabon of the mterface probe after passlng through a non-aqueous 

orgmc phase, the mterface probe d not be used to measure total depth to the bottom of the well 

when hght non-aqueous phase Lqtuds (LNAPLs) are present Instead, a steel tape wd be u h d  

The procedure for use of the steel tape IS gven m Seaon 53 2 

Wells contammg LNAPLs wdl be checked for the presence of dense non-aqueous phase hqmds 

(DNAPLs) by lowerurg the purge pump to the bottom of the well and collectmg the first purge water 

from the bottom of the well m a 1-Lter glass contamer The contamer wdl be uubally checked wth 

an orgamc vapor analyzer (OVA) for the compared background rea- The hqud m the glass 

contamer wdl be allowed to stand for 15 mmutes and mually observed for the presence of separate 

phase\ If no DNAPls have separated out of the solubon after 15 mutes ,  the well wll be 

presumed free of DNAPLs 

I 

The mterface probe wdl be moved up and down to locate the pomt where the appropnate mdicator 

tone or sound 1s reproduable obtamed Measurements from three consecubve readmgs must not 

M e r  more than f 0 05 foot or three more consecutwe rea- must be taken The three rea- 

wdl be taken by two Merent mdtmduals, wth one person typically talung the first and h d  readmgs 

and another mdtmdual talung the second rea- An average of the reproduable read- wdl be 

u h d  for the deterrmnabon of the water level Once the water level has been deterrmned and 

recorded, the probe d be carefully remeved, to ensure mrnunal rubbmg of the tape agamst the 

rnside well casmg The probe and cable d be decontammated between use at each well followmg 

procedures gven m Sechon 6 0 and SOP FO3, General Equpment Decontarmnabon 

I 

(4011 920.ooPCs2tl)(GWREV2)(U3/01/92) 
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If either hght or dense non-aqueous phase kqulds are found to be present, the well wdl be sampled 

for these contammants as desnbed m SOP GW 6, Groundwater Samplmg 

53 INSTRUMENTS AND ASSOCIATED WATER LEVEL MEASUREMENT TECHNIQUES 

Water level measurement mstruments are used to d e t e m e  the water level m boreholes, wells, and 

other open underground structures Generally, outside power sources are not reqwed to operate 

these dewces However, many reqlllre that battenes be replaced or recharged penoQcally 

Measurements may be made wth a number of ddferent dewes and procedures 

Subsection 5 3 1 descnbes the use of electromc dewces m water level measurement Subsecbon 5 3 2 

descnbes the use of the steel tape m measunng water levels Electromc well soundmg dewces are 

preferred for use at the Rocky Flats Plant Site Typically, steel tapes wdl only be u h d  for 

m e a s w g  the depth to the bottom of well when LNAPLs are present The use of the steel tape m 

wells contammg LNAPLs d help ensure that the mterfact probe and other eledromc water level 

measurmg devlces do not become grossly contammated and wdl thus a d  m the prevenhon of cross- 

contammation 

53 1 Electnc Water Level Sounders 

I 
I 

I 

Typically, a solurst water level sounder d be uthzed for measunng groundwater levels at the RFP 
Before lowenng the electnc soundmg probe mto the well, the urcultry can be checked by Qpplng 

the probe m clean water and observrng the mdlcator Contact wth the water surface wdl be 

mdxated by an auhble tone The probe wdl be lowered slowly mto the well untd contact wth the 

water surface 1s mdlcated The electnc tape 1s marked at the MF’ and partly wthdrawn, the dstance 

from the mark to the nearest tape band 1s measured and added to (or subtracted from) the band 

readmg to obtarn the depth to water Three r e a h s  wdl be taken bv two M e  rent mdiwduals wth 

one Derson 1 typicall the ec nd 

(401 I-92wop1 9ZO)(GWlFtEVZ)(03/Ol/92) 
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I readrng If the three measurements do not agree wthm 005 foot, contmue to measure untd the 

reason for the lack of agreement IS d e t e m e d  or untd three consecubve rea- are shown to 

agree wthm 005 foot An average of the reproduable readmgs d be u h d  for the 

determrnabon of the water level 

Electric sounders are recommended for meas- the depth to water rn wells that are berng 

pumped because they generally do not reqlure removal from the well for each readrng However, 

I€ 01) IS present m tbe we4 If water IS cascadrng mto the we4 or J the water surface ehbi t s  

turbulent behamor, measunng water level wtb the electnc sounder may be difficult 011 not only 

msuldtes the contacts of the probe, but it d also gwe an erroneous rea- d there 1s a 

considerable duchess of od As discussed premously, J an LNAPL 1s present a steel tape WIII be 

utdlzed for measurmg the total depth to the bottom of the well 

When od IS present, it may be necessary to determrne the hckness and density of the od layer 

before calculatmg the true water level Methods for determmmg the hckness of a floatmg 

immiscible layer, rncludmg od, are &cussed m Subsechon 5 2 1 

532 Graduated Steel Tape 

Graduated steel tapes wdl normally only be used for determma-on of the tc,d well depth for wells 

contamq LNAPLs The graduated steel tape method IS considered an accurate method for 

measunng the water level m nonflowmg wells (Nabonal Handbook of Recommended Methods for 

Water-Data Aquibon, 1977, pp 2-8) A slender we& d be attached to the end of the tape to 

create tautness and to perrmt some feel for obstruchons The bottom two or three feet of the tape 

is coated wth carpenter’s chalk The tape d be lowered to the bottom of the well and the tape 

read from the M p  on the m e r  well casmg 

I 
f 

(4011 9x)-MI)I 920)(GW1REV2)(03/0l/92) 
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Before and after each well measurement, that part of the tape measure, that becomes wetted d 
be decontammated Decontammabon procedures are &cussed m Sectron 60  of ths SOP, 

Decontammabon, and m SOP FO 3, General Eqwpment Decontammabon 

6 0 DECONTAMINATION 

Extraneous contarmnant matenals can be mtroduced mto the water or sod at a site dumg water 

level measurements Trace quanbbes of contarmnant matenals thus transported may later be 

captured m a sample and lead to false posibve analpcai results and, ultmately, to an mcorrect 

assesqment of the contammant condmons assoaated wth the site Decontammabon procedures for 

water level measurement eqlupment and for the personnel who use the equrpment are performed 

for the dual purposes of mlnunlvng cross-contammation and of prowdmg a safe and healthy worlung 

enwonment 

Eqwpment should be constructed of stamless steel, Teflon”, or other mert matenals that have been 

approved by EG&G Eqwpment d be decontammated after use at each well Procedures for 

decontammahon are set forth m the site-speclfic health and safety plan and SOP FO 3, General 

Equipment Decontammahon 

I 

7 0 QUALITY ASSURANCE/QUALITY CONTROL 

The frequency of measurements depends on the objectrvcs estabhhed m the Work Plan or the FSP 
for a gven project and the accuracy deslred m measmag changes 111 water level The Work Plan 

or FSP o u h e s  obje&ves for whlch water level data will be used, and the frequency of 

measurements d be p d e d  by the accuracy of changes m water level needed to meet these 

objectives 

(401 1 9moCrpCPlo)(GWlREV2)(03/01/92) 
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All data WIII be recorded on a Water Level Measurement Form (Seaon 9 0) before leavrng the well 

site 

The electromc sounders 4 be calrbrated guarterly by followmg the manufacturer's mstruchons or 

by suspendmg the sounder and measunng it agamst a cahbrated steel tape If no other d b r a h o n  

mstruchons are supphed Results wdl be recorded on the Water Level Indmtor Cahbrahon form 

8 0  DOCUMENTATION 

A permanent record of the mplementation of thls SOP wdl be kept by documentmg field 

observations and data. Observahons and data d be recorded wth black waterproof mk onto a 

Groundwater Level Measurements/Calculabons Form 

The followrng mformahon should be recorded for each observahon-well site 

0 The RF'P Project Number 

0 The date and tune of the water level measurements 
0 The names of personnel perforrmng the measurements 

The equrpment manufacturer, modeI, and send number 

The name of the QC revlewcr and the date of the QC rewew 

0 

0 

Indlwdual measurements are entered onto the Groundwater Level Mcasurements/Calculations 

Form as the measurements are performed The mformahon IS recorded as follows 

1 Record well number m the first column 

2 Measure and record the depth to water from the measunng pomt ~II  the second 

column (WD) The measurement wdl be taken a total of three tunes by two 

(401 192MX)94920)(GWI REV2)(U3/01/92) 
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4 

5 

Merent mdvlduals, wth one person t y p i d y  talung the first and h d  readmgs 

and another mdnadual talung the second r e a m  Measurements from the three 

r e a h  must agree wthm 005 foot If the three measurements do not agree 

wthtn 0 05 foot contmue to measure und the reason for the lack of agreement is 

determmed or und three consecutwe rea- are shown to agree wthtn 0 05 foot 

An average of the reproduuble rea- WIII be u b d  for the determmation of 

the water level 

I 

Measure the total depth of the well from the MP and record t h s  value m column 

three (MTD) The measurement w d  be taken a total of three tunes by two 

Merent mdvlduals, wth one person typically takmg the first and thud readrngs 

and another inctvldual t a h g  the second readrng Measurements from the three 

readmgs must agree wthm 005 foot If the three measurements do not agree 

w h  0 05 foot contmue to measure und the reason for the lack of agreement IS 

determmed or und three consecutwe readmgs are shown to agree wthia 0 05 foot 

An average of the reproduuble rea- wdl be u b d  for the detemahon of 
the total depth 

I 

I In some devlces the length of the probe end may not have been taken mto 

considerabon when mar- the measurrng tape In thts case the length of the 

probe end wdl need to be added to the measured total depth m order to determme 

the total depth of the well from the MP Record the length of the probe end m 
column four (Probe end) 

I 
Detennme the total depth of the well from the measuring pomt by addmg the 

length of the probe end to the measured total depth from the MP and record tius 

value m column four (TD) 

(401 1-9aDM1)4-pzO)(l3W1REv1)(03/01/92) 



I , 
1 

WATER LEVEL MEASUREMENTS IN WELLS AND PIEZOMETERS 

EG&G ROCKY FLATS PLANT Manual. 5-21OOO-OPS 
EMD MANUAL OPERATION SOP Procedure No.: GW.l, Rev. 2 

Page: l3 of 13 
Effeehve Date. March 1,1992 

Category 2 Organlzation. Enwonmental Management 

6 In the blank marked "Chk'd by," record the mbals of the mdmdual who checks the 

calculabon done m Step 8 

7 In the "Cumments" secbun, record weather concltmns and comment such as 

s@icant features or amwbes near the well that could affect the water level I 
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2.0 PURPOSE AND SCOPE 

"Ius standard opera- procedure (SOP) describes procedures that wd be used at the Rocky Flats 
Plant (RFP) to develop new and redevelop pre-ens- momtoring wells 

3.0 RESPONSIBILITIES AND QUALIFICATIONS 

All personnel perfonrung ttus procedure are r q u u e d  to have &hour OSHA dassroom tramq 

Wtuch meets Department of Labor regulabon 29 CFR 1910 m(e)(3)(1) In adbon, all personnel 
are requtred to have a complete understandmg of the procedures dcsaibed w i t h  thts SOP and 

have received speafic tr- regardmg these procedures 

4.0 REFERENCES 

41 SOURCE REFERENCES 

The followmg IS a ht of references rewewed pnor to the of thrs procedure 

I ~ ~ & Q &  1 EPA/540/P-87/001 December 1987 

W c e  for Conductug RemedA In ve J Intenm 

F d  Odobcr1988 

kCRA Fadtv Investieahon Gmdang Intenm Fmal May 1989 

FCR4 G r oundwater Momtonng Te&m.aI E D f o n t  r Guldance D m  EPA OSWER- 
950 1 September 1986 



e WELL DEVELOPMENT 

EG&G ROCKY FLATS PLANT Manu& 
EMD MANUAL OPERATION SOP Procedun N c  

page: 
Effective Date 

C J W w Y  2 olg8n&tion: 

4 2  

5 0  

m 

5.21000.OPS 
GW3, Rev. 2 

3 of 11 
Mrurh I, 1992 

EnviromotatJ Mnnagement 

I 

INTERNAL REFERENCES 

Related SOPS cross-referend by ths SOP are as follows 

0 SOP GT 6, Momtonng Well and Piemmeter Installatron 

SOP FO3, General Equpment DeCOntamrnatlon 

SOP F05, Handl~ng of Purge and DeveIopment Water 

SOP FO 15, Use of PIDs and FIDs 

SOP FO 16, Field RaQologd Measurements 

SOP GW 1, Water Level Measurements m Walls and Piezometers 

0 

0 

0 

Momtonng well development 1s the process by whch the well Mkng flwds and rnobii partdates 

are removed from u r l h  and adjacent to the newly installed wells Thrs procws can also be used 
to remove sediment or other bdt-up rnatcnal from an older well The objecttve of a completed 

well development aavlty IS to provlde groundwater d o w  that is as physically and chemcally 

representatwe as posslble of the aqufer that 1s open to the piezometer or well 

MUWUALS AND EQUIPMENT 

The followq IS a ltst of well development and assoaated qupment 

0 Stamless steel or Teflon. bader 

Mcd~axucaI reel equlpped d a stauks steel cable 

Water quallty test lut (pH, SC, T, and turbi&ty) 

0 

0 Inertial pump 

0 Wash/Fhse tubs 
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Clear p h c  shcettng or myl shettmg whrch may be decontammated. 

nLaposablt latex or vmyl gloves 

Nonphosphate, lab detergent (e g., kquinox) 

Contamers for development water (sec SOP FOS, Handhg of Purge and 

Development Water) 

Water level probe - suf€iaently accurate to measure water levels to the nearest 

001 foot 

Weqhted tape measure - suftiaently accurate to measure depths to the nearest 

0 10 foot 

Distilled water 

Field book and field forms 

Health and safety cqlupment 

Orgamc vapor detcdor (OW) 

Calculator 

PROCEDURES 

Well Development Procedures for N m  Wells 

t ?erform the development as soon as prac td  after well mstallabon, but no sooner than 48 hours 

after groutmg and pad ustallahon 1s completed These new wells will be developed urilmng low- 

energy methods The cqlupment of choice for wcll development is an memal pump or bottom 

&charge/filllnp bder  Hgh-energy methods such as submersiile pumps, surge blocks, 

ovcrpumpmg, badrwashrng and well jett~~ig wdl not be used due to the possiihty of formabon fines 

doggmg the well screen 

M newly mstded wells wdl be checked for the presence of mmsciik layers prior to well 

development The method for detectmg these layers m momtonng wells fs dscusd m SOP GW 1, 
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Water Level Measurements m Wells and Piezometers If an mnusuble layer of 5 mm or greater 

has been detected m a newly mtalled well, well development procedures will not continue untd the 

EG&G project manager has been noGed In the case where an umuscible layer 15 not adentificd, 

a water level measurement d be taken amrdmg to SOP GW 1, Water Level Measurements, and 

well development acmues d contrnue The water level measurement along wth the total depth 

measurement will be used to determme the volume of water m the well uwq. Well casing 

calculabons are presented rn Subsectton 5 2 1 1 of ths SOP 

Formation water and fines d be evacuated by slowly lowenng and rawq the merbal pump or 

bader mtake throughout the water column The mertd pump may be placed m d e  a 

deantammated 1-mch hameter PVC pipe d the pump mtake cannot be lowered to the bottom of 
the well The PVC pipe wdl prevent the merhal pump mtake from bcndtng pnor to rcachrng the 

deslred depth EG&G will determme whether an mertd pump wrll be dedicated to a speafic well 

based on vedied organtc vapor detector (OW) rea- obtamed during the drilltng of the well 

OVD rea- are desmbed m SOP FO 15, Photo1ozuzahon Detectors (PIDs) and Flame 10- 

Detectors (FIDs) If a bder IS used for well development, it wdl be used wth a mechamcal reel 

epwpped wth a stsunless steel cable Development eqrupment wdl be protected from the ground 

surface wth clear plasbc sheettng Development eqlupment, mcludmg bailers and pumps, will be 

&contammated before well development begins and between well sltcs amrdmg to SOP F03, 
General Equpment Decuntammahon 

I 

Estunated recharge rates wdl be measured followrng the procedures outlured in SOP GW l, Water 

Level Measurements rn Well and Piezometers Decontammahon and development water wd be 
handed accordmg to SOP FO 7, Handlmg of Decontammon Water and Wash Water, and SOP 
F05, Handltng of Purge and Development Water, respcctrveb 
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52.1.1 peve lomment for New W& 

Development shall proceed UI the manner d e s a i  hercrn and contmuc until the foUowq are 

met 

0 Removal of a mumum of five well casq volumes. Typical well mung volume 

calculat~ons lnclude 

a 2-mch dmmeter well 

0 16 gaI/ft x -(hear ft of water) = gallons of water 

b 4-mch dmmeter well 

0 65 gal/ft x - (bear ft of water) = gallons of water 

C 6-mch &meter well 
15 gal/ft x - @near ft of water) = gallons of water 

Graduated contamers wdl be uscd to measure the amount of water removed 
- 
1 If the mtral water rneasurment 0 rndxates water IS at an elevatron 

below the screened mterval, the well IS Consldercd "ttcholcaly dry" for 

development purposts Most 1991-1992 web are constructed h a 
sump that 1s appronmately 2 feet deep If a well IS dry or tdmcally dry, 
it IS recommended monthly water level measurements be taken for one 

year to chcck scas~nal changes m the water table If a well remaus 

consistently dry for one year, rt wJ1 be sub~cd to quarteriy WLMs and 

ksted as undeveloped. A well wdl be developed wrtbur two weeks 
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foIlowmg a WLM whch m b t e s  the well IS not dry (water covt~g all 

or a pomon of the saeened m t e d )  

When a well dewaters dunng development, &ionzed @I) water may be 
added to the well Pnor to the adhon of DI water, a recharge rate will 

be estabhhed usmg a 10-rmnutc r&ge penod and extrapolated to a 

30-mmute recharge pen4 If the r&ge rate will allow for cvacuatmg 

the total volume needed to complete five volumes unthtn 4 to 6 hours, no 

DI water wd be added. If thLS c o n a o n  dots not dt, the followq 

procedure IS rccommcndcd The volumc(s) of DI water to be added, 

herem known as screened rnterval volumc(s), IS Calculated usmg the 

followmg method A screened r n t e d  volume IS calculated usmg the 

m t e d  from the top of the screen to the bottom of the well 0) Oncc 
&IS volume IS deterrmned, it IS used rn the f o l l o w  format When a well 

dewaters dunng development pnor to evamtmg the ~ L U ~ U ~ M  five 

volumes, the number of complete volumes evacuated will be counted and 

subtracted from the five volumes The number of volumes remamng d 
be calculated as screened rnterval and those volumes of DI water wtll be 
added to the well 

An effectwe method for addrag DI water is to add one screened interval 

volume and b e p  pumpmg or barkng. If usmg the Gmdfos Pump, 

tnckle the rem- volumes m at the rate of pumpmg T ~ I S  will keep 
water flowmg across the entm screesung mterval to clean IL Kctpmg the 

water level at the top of the screened mterval by tncklmg the rem- 

volumes mto the well nummues the hydro&abc head on the well. Ths 

reduces water loss to the formahon Some fliud lass can be expected d 
any p o ~ o n  of the sand pack IS dry (uredua’be water due to wttabrlrty of 
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the sand) If the well IS bemg developed by bailq, add one screened 

lntemal and bad down Contmue thrs procws until all the needed 

volumcs have been added and evacuated Any water kw expcncnctd 
should be noted on the well dmlopment form 

3 When a monrtorrng well has an mhal water column that covers only a 

porbon of the screened m t e d  but does not dewater pnor to evacuatmg 

the five nunmum volumy no DI water will be added to the we1 

4 When the htnl water COIumn IS greater than the he& of the screened 

mterval but dewaters pnor to complehon of development, DI water wdl 

be added accordmg to procedures descrttbed m 2 above 

5 All wells that measure techrucally dry mmaliy wdl be barled dry “hs 

procedure d remove or remove well constructton water and the 

first monthly WLM wdl more accurately reflect any groundwater 

recharge I 
Three consecut~ve well c a s q  volume measurements of pH, temperature, and 
qcciEc conductance are rtcorded (te, consccut~vt temptraturcs that are wlthm 

l’C, and pH rea- that are wthm 0 2  wts) and consecutm conductmty 

readings fall w b  10 percent of each other. “he caliiahon and use of these 

6cld mtruments IS dwcribed m SOP GW5, Measurement of Groundwater Field 

Parameters I 
The goal of momtorrng turbiBty IS to 0bta111 water wth formah wts 

(Fmr) wtiun 10 percent of each other for three comecutwe rea- These 

readings should also be wthout a downward trend. 
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0 If water IS used dunng momtonng well dnllm& the total fltud added will be 
calculated, and five tunes the flud lost m the borehole durrng dnlkng will be 

recovered in ad&tlon to the five well casurg volumes 
'I 

0 The stdunent m the well has been completely removed. One week after mhal 

development, the well d be checked for the accumdauon of addrtronal +ent 
Any addrbonal sedunent urlll be removed at the tune of measurement 

0 In low-yeldmg water-bcanng formatlons, d d l e d  water may be rntroduced mto 

I the well to fadtate development A volume of water qual to the volume of 

ctstilled water added to the well must be recdverfd from the well 8 hours 

or 3 trmes the amount prior to ceasrng development actmtm (Ir possible) 

5.22 Redevelopment of RHxisting Wells 

The pre-exlstq momtormg wells wrll be redeveloped in a mauner lilIllllaT to the well development 

fbr new wells The eqlupmtmt and procedures used for redevelopment wdl also be consrstcnt wth 

the eqlupment and procedures used for the development of new wells 

923.1 Rtde velonment Criteria to r prr-crdsti np Wells 

The cntena to be followed for redevelopment of pre-cmtmg wells WIII be 

0 The removal of h e n t  made the well 

0 if tht accumulated scdrments cannot be removed, the goal of redevelopment will 

be to obtam stable field parameters ( i t ,  consccutrvt measurements of 
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temperatures that are wthm 1°C pH radmgs wtthrn 09 umts, and amducmty 

mthm 10 percent) after removlag three well caslag volumes 

0 I If the above menhoned results cannot be obtamcd, five well casing volumes ovlll 

be removed and redevelopment stopped 

6 0  DOCUMENTATION 

The followmg well development mformahon ovlll be recorded on the Well Development and 

Sampllng Form (Form GW 2A) for newly rnstalled wells 

0 Well I D and locahon suwey wordmates 

0 Date($) of well xnstallahon 

0 Date($) and m e  of well development 

0 Well deslgnahon 

0 Screened mtervd 

0 well shck-up 

0 Stahc water level from mwlvlng pornt 

0 Total depth from measunng pornt 

0 Volume of well cas~ng volume 
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a Quaat~ty of water used dunng d d m g  

Depth from top of well casmg to top of sedrment well, before and after 

development 

a Type of pump and/or M e r  

a Field measurements of pH, speafc conductance (SC), tuhdty, DO, and 

temperature, taken m at least half-casmg volumes 

0 Physical descnpuon of removed water throughout development (color and 

MnhtY) 

a Quant~ty of water removed and tune for removal (mcremental ped total values) 

The redevelopment of pre-cxlstq wells wllll be documented on the Ground Water Re-Development 

Log Form (Form GW 2B) 



US. DEPARTMENT OF ENERGY ROCKY FWTS PLANT 

WELL DEVEIDPMENT AND SAMPLING FORM 

F m  GW3A 

Recorder's Name and Title 

WellID - 
Survey locatlon mrdmates North East 
Date tivS report Date well mtallahon Date well development 

Well deugaauon 

Ground elevation. Est sunter 

M t a s q  pomt (MP) Top of well casmg/dher Wellstlckup - 
Water level (below MP) Start End, 

Sacened m t e d  Formahon. 

Well depth (below I") 
Method used to measure water level 

Volume of saturated annulus (assume 30 percent pormty) 

Volume CalculaQon 

Quant~ty of water used dunng dnlLng 
Depth of sedunent @elow MP) Before 

Development equpment 

Samphg equpment 

pH meter No Cahbratlon 

Speafic conductance meter No Wbrahon 

FTU meter No Wbrahon 

Water elevation (BGS) 

Estunated recharge rate. 

After 

Comments 



ROCKY FLATS PLANT 
GROUND WATER RE-DEVELOPMENT LOG 

ROCKY FLATS PLANT 
(E~V~OWUCNTAL RESTORATIOW 
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Form GW3U 

Page 1 of 2 
Verslon 1. 

' joject Name: Ground Water Re-Development Well 1 D. 
raJectNo.: 304902 *-- 1 2 -- 0 3 -- 0 1 Team Members: 

QC Review BylDate: 
Date: 

Ser tal N u m b e r  Cattbratlon D a c o  
S o h t :  

PURQE METHOD - T Y P E  USED* 
0 PUMP 0 PNEUMATIC PERISTALTIC 0 INERTIA 0 OTHER 

[7 BAILER [7 TEFLON STAlNLESS 0 OTHER 

p ! R G I N G  REQUIREMENTS L CALCULATIONS - Dalum T o p  of  Well Caslnp (Yowc) 
I D  = Well Casing l n r l d o  O l o m o t e r  ( I n c h e s )  - 
uv = U n i t  Casing v o t u m o  ( g at/iinrar foot) = 
WD = Deplh t o  W a t e r  ( t o o l )  = 
7 0  = folal O e p f h  ( l o o t )  - M a r s u r o d  T o t a l  Ooplh ( U T O ) + P r o b e  E n d  
IC = inilia1 W a t e r  Column ( f e e t )  = T O  - WD = - I 

I v  = l n i ~ r a i  W a t o r  Vo lu rno  ( g a l l o n s )  = UV x IC = x L 

C h e c k o d  b y  

Signature 

Signature 
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TECHNIQUE . .  A2 

(Sol 19BO11&920)(CW3RW2)(3/2/92) 



PUMP-IN BOREHOLE PACKER TESTING 

EG&G ROCKY FLAW PWNT M a n e .  5-21000-OPS 
EMD MANUAL OPERATION SOP Procedure No.: Gw3, Rev2 

pace: 3 d14  
E t r d v e  Dak March 1,1992 

~ t e s o l r  2 organhation: Enviroawnt.lMu?ylewnt 

2.0 PURPOSE AND SCOPE 

"hIS standard opera- procedure (SOP) descn'bes procedures that will be used at the Rocky Flats 
Plant (RFP) to conduct m situ pumpin borehole hydrauhc conductmty tests in uncased port~ons 

of boreholes m bedrock, usrng packers Vanous packer testrng arrangements can be used for m sltu 

hydraubc conduchwty tests m uncased porttons of boreholes 

I Relatively large-scale, mulbple-well pumpout tests are generally preferred over slogle-well tests 

such as slug tests and packer tests for evaluating aqder charactensbcs However, the dormahon 

obtsuned usmg less-costly, smgle-hole packer tests 1s frequently useful and cost-effcct~ve, partxularly 

m relahvely low-permeabhty formahons A standard opera- procedure addendum (SOPA) wdl 

describe project-speafic tcstmg requuements 

T ~ I S  SOP dembes packer testmg equpment and procedures and Quality Assurance/Qual~ty 

Control (QA/QC) that wdl be used for field data collwon and documentabon m order to attam 

acceptable standards of accuracy, preasion, comparabhty, representativtncss, and completeness 

3.0 PERSONNEL QUALIFICATIONS 

Personnel conducting pumpm borehole packer tests wdl be gedqpm, gwtechmcal cngmecrs, or 

field ttchruaans wth an appropnatc amount of apphcable field expenencc or on-the-job traming 
under the supemon of another qualdied person. All personnel performing &IS procedure are 

requued to have &hour OSHA classroom tramng wh~d meets the Department of Labor 

rcquuements 29 CFR 1910 120 (e)(3)(1) 

I 
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4.0 REFERENCES 

4.1 SOURCE REFERENCES 

The f o l l o w  1s a ht of refernoes rewewed pnor to the mtmg of tius procedure 

A ComDen&um of Sum- Field 0 s  rahons Me&& EPA/540/P-87/Wl December 1987 

ASTMD4630-86 m d a r d  Test M G  of b- 
Bermeablluv Rocks bv In-Situ M e a s u r u o n  T a  December 

1986 

ASTM D 4631-86 Standard Test Method for Determlnurn Transmisslwtv and of Lo W- 

Permeablluv Rocks & In- S 1 tu M eaure ments Us inn the Pressure Pulse T & w  December 1986 

Groundwater Momto m g  U S DOE, Water and Power Resources Servrce, 1981 

Gutd?nce for Conductu Remedal Invest- and Feasib&y&Aes IJJ& C E R U  Intern 

Final October1988 

PCM G r-o nnnT&calE-ceD- EPAOSWER9950 

Waslungton D C September 1986 

Fa& In v-boo G- I n t e r n F d  May1989 

42 INTERNALREFERENCES 

Related SOPS aoss-referenced by ttuS SOP are as follows 

(4011.9x)91 lW)(GW3REV2)(3/2/92)) 

I 
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0 SOP GT.2, Dnllrng and Sampkng Usmg Hollow-Stem Auger TechDlques 

SOP GT 4, Rotary Dr&q and Rock Cow 

0 SOP GW 1 Water Level MeasuremeqtS m W e k  and Pmmneters 

5.0 EQUIPMENT AND PROCEDURES 

A packer test IS an m sltu test used to measure the apparent hydraullc wndudlvlfy of the sod or 

rock surroundmg a borehole by mcasunng the flow rate of water pumped mto or out of a clscrete 

depth mtervd of the borehole that IS mlated by r u b b e d  dlatable packers under known 

pressures Tlus SOP addresses "pumpm" tests, m whch water IS U I J C C ~ C ~  rat0 the test m t e d  at 

constant applled pressure (constant head), or a constant rate of flow, or as a prcssurt pulsc Packer 

tests wdl be conducted m pomons of boreholes dnlled m bedrock m&cated by the Field Sampkng 

Plan (FSP) Water mjected mto boreholes dunng packer testrng will be RFF' potable water or 

commeraally avadable &Ned water RFP tap water wdl be used unless the FSP or a SOPA states 

otheme The Qual~ty Assurance Addendum (OM)  wdl address tap water twbng requuements 

S q l e  packers, double packers, or straddle packers wdl be used to d a t e  a dtsvcd length of 

borehole for t w t q  Downholt packer test cqlupmurt vnll be dccontarmnatcd between boreholes 

ascordkg to SOP F03, General Eqmpment Dtcontarmaatron. 

5.1 EQUIPMENT 

Packer tests wdl be conducted usmg an arrangement that wdl saw the rqurements of the FSP 
A straddle packer arrangement can be used to test a segment of a borehole isolated between two 

packers, or a slngle packer can be used to test a segment of borehole between the hole bottom and 

the packer In some cases, for mtance when testmg very low-pcrmcabhty formabons, a slnglc 
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packer test tool may be m&cd mto a double packer t a t  tool arrangement that has a pressure 

sensor between the two packers to help detect slow leaks around the packers. Ttus type of double 

packer test tool arrangement may be further expanded and moddied mto a straddle packer test tool 

that has two packers mooned above and two packers below the test m t e d  

I The packers wdl be of a dlameter compahile wth the borehole dmmeter (see manufacturer's 

rccommendahons) so the test zone can be properly d a t e d  (LC., scaled off from other depth 

mtervals m the bow) Elcctromc pressure transductrs wth an accuracy of 0 1 pounds per quare 

mch (pa) or better wdl be placed above, below, and wthm the test zone to momtor test pressures 

and to check for proper &g of the packers The transducers will be attacbcd to cledrolllc data 

loggmg equpment capable of momtonng and recorc3.q pressure versus m e  Example schemahc 

dqrams of packer tests set-ups are mcluded m AppendUtes A and B 

Because of fluuuahons m pressure that can occut nsmg convenclonal pumpiag qurpment, the 

surface equtpment uscd for water mjectron WI.U consst of a water supply r c s e m  pressurized wth 

compressed gas (mtrogen or am) The supply reservon wdl be attached to the test w o n  wth npd 

water-tight steel t u b q  For rehhvely bgh mj-on rates (greater than apprornmately 0 5  gallon 

per rmnute [gpm]), the change 111 water level m the rtscrvolf wrll be used to calculate flow quanhty 

by means of a graduated transparent tube in parallel with the reservoir tirnk. For low injection 
rat- a vanable-area 5ow meter system capable of mt8sunng flow rata  as low as 0.001 gpm wrll 

be used To cover the range m flow rates betwcen 05 and 0 001 gpm, the flow meter system wdl 

consst of at lcast three xndmdual flow meters in a common manifold system WI& appropriate by- 

pass and shut-off valves, so flow may be mtchcd &om one meter to another dunng a test, rf 

necessary The dmneters of the pressure tank and flow meters WIII prmde for overlap m the 

measurement ranges of the qwpment The resemn and flow tanks will bt connected by water- 

tqht steel tubxng through the upper packer(s) to allow m j d o n  of water mto the test m t d  A 

fast-a- remotely controlled shut-m valve wdl be placed appronmately 2 feet above the upper 

packer 

- 

(401142041 loaD)(GW3REV2)(3/2/92) 
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If flow rata are lugb (LC., d the resemou emphes m lcss than the 20-mmute mlnlmum test 

durahon), an dternabve injecbon system wdl be rquucd. In this utuahon, a ccmvcnbod packer 

test sctup usmg Jean water pumpmg qupmcnt and a madold system with an rmpciler-typc flow 

meter and appropmte flow restnction and by-pass valves will be uscd. However, there IS a 

potenhal for large voIumes of water mjeded to alter groundwater chemtstry ILL nearby wells or to 

duence contammant plumes In any case, no more than 50 gallons of water d be mjeded 

s l o w  during a packer test ullthout the approval of the EG&G project manager I 
52 PROCEDURES 

Packer tests wdl be conducted m general accordance wth Subse.c€Ions 63 and 6 4 of ASTh4 D 4630, 

'Standard Test Method for Deterrmtllng TransmisslMty and S t o r a m  of Low-Permeabihty Rocks 

by In-Situ Measurements Usmg the Constant Head Injmon Test,' and Subsect~ons 63 and 6 4 of 

of Low - 
Twhmque' These 

ASTM D 4631, 'Standard Test Method for Deterrrmung 

references are presented m Appendixes A and B, 
pressures, the procedures wdl be constent wth 

referenced methods should be read because they 

Permeabhty Rocks by In-Situ Measurements Usmg the Pressure 

but are not necessarily a requvement of ths SOP 

A borehole d be dnlled and, d requrred, prepared so it IS saable for t 

quahty ob~mves and subsurface condmons will &date appropnate pr 

borehole preparabon are to provlde a borehole that can be sealed WI 

borehole sldewall wth hydrauhc propertm s l m h  to thosc of the 

&e borehole d a r  m phpcal charactensbcs to the formabon 

characteristxs and dnlltng methods, borehole preparation a 

pur= Geophysical and d p e r  borehole logs may be 
and to evaluate whether M i c u l b a  sea- packers are 

(401 1-92001 losaO)(CvW3Rn12)(3/2/92) 
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I IS flushed and/or purged, 24 hours wdl be allowed before testrng to allow induced pressures 

(pressure transients) rn the formahon to k p a t e .  

I After a sutable borehole has been promded, tedrng wdl commence at the rntervals predetermrned 

or detemed based on mformsltron from the geophysical and/or &per logs The packers will be 
lnserted at the desued level 111 the borehole and d a t e d  to sed off the test scctron. If the borehole 

IS not already filled wth water to a level abovc the upper packer, rt will be before the packers are 

d a t e d  A packer d h o n  prwure approxlmately 2Do psi above the maXunUm antrapated test 

pressure should be used However, If there are problems wth mptunng packers due to peldmg 

of the rock at t h ~ ~  pressure, lower &hon pressures may be used The probabilllty of leakage wdl 

be mcreased at lower packer dahon pressures 

Once the test IS set up as described above, vanous procedures may be used, dependtng on proJect 

reqmements The three basc types of tests are 

1 Constant head 

2 Constant rate of flow 
I1 

3 Pressure pulse 

In general, the constant head and pressure pulse tests are preferred for relamly low-ptrmcabiity 

formabons whde the constant rate of flow test IS frquently used m formabons anth relatmly h&- 
permeabhty I 

(401 1-92041 I-) (GW3REV2)(3/2/92) 
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53.1 Constant Head Test 

After the packers have been set and the test scctmn and supply tube 6lle-d anth water ia a manner 

such that there IS no entrapped (UT, the downhole valve wd be shut and the shut-m test &on 

pressures allowed to dtssipate (as detemed from the pressure trausduccr in the test e o n )  

I 

I 
I 

After the shut-m pressure has h p a t e d  and the stable pressure rccorded m PSI, the reservoll 

pressure wdl be maeased to the dtsved test pressure and the downhole valve opened Rcad~ngs 

of flow rate versus tune wdl be obtamed whde the pressure (head) IS mamtamed at appronmately 

a constant value A record of pressure versus tune for each of the three pressure transducers d 
also be kept Injedon of water mto the test w o n  wJ1 conmue at a constant head untd the flow 

rate stab-, or a m m u m  of 20 mmutes Con&hons wd be considered stable when at least 3 

consecutwe five-mmute flow rea- do not vary by more than 10 percent Test durahons wd 

frequently be 30 to 60 mmutes However, durahons of as long as 4 to 6 hours may sometunes be 
reqwed for condmom to stabdue If test durabons longer than 60 minutes occur regularly on a 

project, the EG&G project manager should evaluate the cost-effedmness of the tWmg program 

and mod@ it d warranted If either of the pressure transducers above and below the test -on 

show a rapid pressure response to a pressure ancrease m the test -0% the packers d be 
reseated to elmmate leakage around them The test mterval depth will have to be moddied If the 

packers cannot be properly seated at the origrp;rl targct depth. The EG&G projcct manager OVllI 

be involved m determmng any offset test mtervals unless the offset IS amall. 

I 

The project-spcufic test program may reque several maeaslng pressure mcrements for 'Stepped" 

tests After each mcrement, the downhole vaive wd be shut m and the test &on shut-m pressure 

allowed to dssipate The manmum mjmon pressure at the test -on must not exceed the 

ef€ectwe overburden pressure at the test W o n  to avoid hydraullc fradumg. Hydraullc fradunng 

wdl normally be avoided d the total hydrauhc pressure m the test -on does not cxceed 05  psi 

per foot depth to the center of the test sectJon Smce the head of the column of water UI the tubmg 

(4011 9&011esP)~GW3REV.2)(3/2/92) 
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9 

IS appronmately 043 psi per foot ([624 lb/ff/ft depthJ/[144 m2/@ = 0431b/m2/ft depth), this 

mcans the sum of the reseryolr head above the ground surfaa and the pntuma&c pressure appked 

to the reservoir &odd not exceed 007 pa per foot of deptb to the test se&oa In other words, 0 5  

p/ft depth (total dowable) mus 043 p / f t  depth (bead in tub-) = OM psi/ft (maxunm 

apphed pressure above ground surface) 

Constant Rate of Flow Test 

The procedures for a constant rate of flow test are essentdy the same_as for a anstant head test 

except that the mjcchon rate IS held constant and rcadmgs of pressure versus tune arc obtamcd. 

Injecuon of water mto the test W o n  wdl contmue at a constaut rate untd the pressure s tabks ,  

or for a mrnunum of 20 mmutes Chnchhons WIII be consdcrcd stabdued when at least 3 

consecutwe five-mmute pressure readmgs do not vary by more than 10 percent. Test durahons wdl 

frequently be 30 to 60 rmnutes. However, durauons of as long as 4 to 6 hours may sometunes be 
requued for mndhons to stabhe If test durahons longer than 60 rmnutes ouw regularly on a 
project, the EG&G project manager should evaluate the cost-effodmness of the testrag program 

and mod@ it d warranted. The automahc data a q u h o n  qupment wdl record pressure versus 

tune As for the constant head test, the project-spcafic test program may require stepped tests 

provlded that the maxunum test pressure does not exceed the maximum dcscribtd in S u h o n  

5 2 1 to avoid hydra& fractunag 

I 

If relatndy h&~ flow rates (that IS, d the rcscmar empbu rn less than the 2Chunute mlnlmum test 

durahon) are encountered, it may not be prac td  to use the pttssunzed resewoar and downhole 

pressure transducer test setup described herem. In tlus case, testmg wdl use a more amvenbonal 

packer test setup consrsttng of pumpmg equtpment and a m d o l d  system wth an ~mpcllcr-typt flow 

meter and appropnate flow rwtnaon and bypass valves If the transducer m the test e o n  IS 

rneffectrve due to turbulence, a pressure gauge on the manifold system may be used. Twtrng wth 

thts equlpmcnt may also follow the mnstant head test procedure, however, m either case, it may 
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be difficult to accurately control flow rates and pressures 

5.23 PrrSsmPulseTest 

Borehole preparabon and packer placement wdl be the same as dtsaibed ID Subsccbm 5 1  The 
pressure puke test can use the same test setup as d w a i  for the amstant head test, provldd the 

downhole shut-m valve can be opened and closed rapidly Altuatmly, the downhole shut-in valve 

may be replaced wth a fast-a- valve between the pressure source and water supply tube 

Smdarly, the pressure transducer m the test seaon may be relocated to the water-supply knc at 

the top of the borehole between the fast-a- valve and the test -on (see Figure 2 rn ASTM 

D 4631) 

Once the packers are m place, the water supply tubmg will be rapidly prwurrzed and then shut m 
by ope- and closing the fast-actmg valve The resulclng pressure pulse and decay transsent d 
be recorded by the elcctromc data logpg eqwpment starttng at the bme the valve 1s dosed The 

transducers above and below the test seaon wdl also be read to check for leaks around the packers 

If leakage occurs, the packers w31 be reseated to elmmate leakage around them The test depth 

mterval wd have to be moddied d the packers cannot be properly seated at the or&d target 

depth The EG&G project manager d be mvohred m deternurung any OM test intervals. I 
- 

53 METHODS OF ANALYSIS 

For each mjectton test, data andysls d be conducted uslog a selected analyt~cal procedure 

appropnate for the hydraulic condhons and estimated flow patterns The project hydroplopt 

respowble for mterpretmg the test results wdl select the analyhcal methods used The a p p c n h  

 ISC CUSS some avarlable analyttcal technrques The methods uscd may mdude those presented m the 

followmg publded hterature 

(401 1-1 10920)(CW3RW2)(3/2/p2) 
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6.0 DOCUMENTATION 

Documentabon for &IS SOP wJ1 d u d e  a schcmabc dragram of the test setup. Thrs dragram wrll 
show the relabve poslt~ons of all gauges, valves, transducers, and packer elements w r h  the test 

tool stnng The *am 4 accompany the data records for each test For each type of test, a 

data form wdl be developed to record flow/tune/pressure data Form GW3A IS a pump-m 

borehole packer test summary sheet that wd be uscd to document borehole dormat~on and test 

type It lndudes a checkkt for requucd data 

The followmg dormahon d be documented 

Propt ~dcntdkahon 

Date 

Borehole identdicaaon/Elevatton 

Drdlmg and/or Parker Testu~g Subcontractor 

Responsible gcologist’s/enpcer’s name 

Type of test 

Formahon/rock type tested 

Top and bottom depths of Test Interval (below ground M) 

Descnphon/Elevabon of Depth Reference 

(401 I ~ l l o a O ~ G W 3 W 2 ) ( 3 / 2 / 9 2 )  
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0 Water level m borehole before t e s t q  

0 Packer dabon pressure 

0 Shut-m pressure/Stab&ed pressure 

0 Data logger file name for pressure versus bme data 

The documentabon ch&t addresses the followmg 

0 Diagram of test tool setup 

0 Cahbrabon documentation 

0 Rccords of pressure and flow rates with tune for constant-head and constant ratesf-flow 

tests (attach to test summary form) 

0 Pulse pressure and pulse decay tune records for pressure pulse tests (attach to test 

summary) 

(401 1-1 1092lXGW3REV2)(3/2/92) 



US. DEPARTMENT OF ENERGY ROCKY FWTS PLANT FORM GW3A 

PUMP-IN BOREHOLE PACKER TEST SUMMARY SHEET 

Project No Date 

Borehole Identdlcation 

Dnllmg and/or Packer Tcstmg Subcontractor 

Geologst/Engraeer 

Type of Test 

Formahon/Ro& Type Tcsted 

Top and Bottom Depths of Test Interval (below ground level) 

Desmpbon/Elcvabon of Depth Reference 

Water Level m Borehole Before Tes- 

Packer Inflabon Pressure 

Shut-m PressurejStabhzed Pressure 

Data ko9aer F i l e  Name 

Diagram of test tool setup prepared? (Y/N) by (Contractor's Representative) 

Docunentation of calibrations received? (Y/N) by (Contractor's Representative) 
Docunentstion of flow meter calibration checks receiveU? (Y/N) by (Contractor's Representative) 

Docunentation of gauge/transbcer calibration checks received? (Y/N) by (Contractor's Representative) 

Pressure versus time data for each gauge/tr.nsduccr obtained/recorded? <Y/W) by (Contractor's 

Representative) 

Flow rate versus time data &taind/ruordtd? (Y/N) by (Contrutor's Representative) 
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STANDARD ?EST MET?IOD FOR DETERMINING TRANsMIssIvlTy AND SIylRATIYlTy OF 
LOW PERMEABILITY ROCKS BY IN-Sllv USING 

THE C O N S "  HEAD IpUEcTION TEST 



Designation 0 4630 - 86 

Standard Test Method for 
Determining Transmissivity and Storativity of Low- 
Permeability Rocks by In-Situ Measurements Using the 
Constant Head fnjection Test' 

1. scope 

1.1 This test method co\en a field procedure for detemin- 
ing the mnsmissiwty and storatiwty of geologxA formations 
hamng permeabilities lower than IO" pm' (I  mrllrdarcy) 
uung con~an! head injection "ha?' ,/x \*\., 

by this test method prowde a good approximation of the C- capacity of the zone of interest to transmit water, if the test porosltjt I intervals are representative of the entire zone and the sur- 
.'2.2.1 C-bulA r o c A  comprersibility (M3T2) rounding rock is fully water-saturated 

standard 3. (M-iLT~) 1 3 T h e  values stated in SI units are to be regarded as t5C 4* 222 C-mprrssibrlity 

2 2 3 Gdimens ionlm function I 4 This slandard iuat intoli c lra,-ardow rnaicrrals opy  
atrow and cqurpnierir This siandard does noi purpon to- 
uddress all oJrhr saJc1j problcnis associaled wrh 11s use II is 2 2  5 f-cxcess teff hole pressure (ML"T2) 

7 Q-maximum exass water flow rate (L'T') the responsibilrry o/ rhe user OJ this standard to establish 
appropriale safely and healrh practices and determine rhc 

218  '&&oratiwty (or storage coefiaent) (dimension. applicabrliry of regularory limitations prior ro y e  --\ 

The ebrs  is the spcclfic storage of a matenal if it welt 
homogeneous and porous over the entire interval The 

nonge is Pen as foilows 
f 'N. S, - ps (G + nc,) 

1.2 The tlanSmlSiW1)' and StolatiVlty d u a  determined C, = .pk  rock CoTprtrubllrty, 
nuid comprra,blIi@and 

%\.= 

I 22 Synbds 

J'2 2 4 AI-hydraulic conductivity (LT") 

6 , Q - e x a s s  water flow rate (L?) 

"-w c -4- 

222 9 s,--spanfic nofage (L-') 
"+3.2-1 o 7-transrnisiwty (LV) 

-+__  

i 2 2. Terminologj 

22 1 1 Lfonnat ion  thickness (L) 2 1 De~crip~rons of Term5 SDecific lo This Standard *yf I 
2 1 1 fra<miss,vriy 7-the transmissiwty of a formation 

' 4 t  of thickness, 6, is defined as follows ,e -- 
< I  ---- # - -  / '  u hcrc 

K = cquibalcnt formation h)drauli; cond/uIclivu&hc) d 
The efhc is the hydraulic'kqdimjvyy Bf a matcnal<if i t  

wherc 

where 
S, = equivalent bulk rock spmfic norage (ebns) 

'Thu tcIt mcihod is under ihcjundinion o f m M  Commit= D l 8  on Sal 
and Rock Jnd IS the dwm rrrponvkf~iv of Sukomrniricc Did 12 on Rock 
Meckmia 

Current edition approvcd OCL 31 I986 Published Dmmbcr 1986 

2.2 12 +fracture apenure (L) 
2 2 13 g-acceleration due to grawtj (LT-') 
2 2 14 A-permeability (L') 
2 2 15 n-porosity (dimensionless) 
2 2 I6 r.-radius of test hole (L) 
2.2. I7 r-time elapsed from stan of test (T) 
2 2 I8 a-dimensionless paramerer 
22 19 p--vlsconty of water (ML'IT'') 
2.2 20 d e n s i t y  of water (ML") 

3. Summary of Test Method 
3.1 A borehole IS fist dnlled into the rock mass, intQsCc1. 

m g  the geologd formauons for which the transmtor&y 
and noratiwty arc desired The borehole IS cod  through 
pountral z o n a  of r n t e m  and IS later SUbJected to geophp 
ical borehole loggtng over t h e  intervals. Dunng the taf 
each interval of i n t e n s  IS packed off at top and bottom wth 
mflafable mbber packers attached to high-pressure std tub 
'W 

3.2 The lest itself involves rapidly applying a 00-t 
pnssure to the water In the packedoffjnterval and tubing 
stnng and recording the resulting changes in u a t u  flow ntc 
The water flow rate IS measurcd by one of a xrics of flow 
metas of different senativitics located at the surfaa. T h e  
initid transient water now rate IS dependent on the mnm* 

816 
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TABLE 1 Viscosrty of Water as a Functron of Temperature 

mP. 5 

1 0 1 79 
2 
4 
6 
8 

10 
12 
14 
16 
18 
20 
22 
24 
26 
28 
30 
32 
34 
36 
38 
40 

1 67 
157 
1 47 
1.39 
1 3 1  
1 2 4  
117 
1 1 1  
1 0 6  
1 0 0  
0% 
0 91 
0 87 
084 
080 

0 74 
0 71 
068 
066 

on 

avity and ~torativity of the rock surrounding the test mtewal 
and on the volume of water contained in the packedsff 
interval and tubing stnng 

4. Significance and Use 

. 4 1 Test Merhod-The constant pressure injection test 

5. Apparatus 
NOTE-A schematic of Ihc rm qurpment IS show in Fig I 

5 1 Source 01 Constant Pressure-A pump or pressure 
intenwfier shall be capable of prowding an addiuonal amount 
of water to the water-filled tubing stnng and packcd-off test 
interval to produce a constant pressun of up to 1 MPA (145 
psi) in magnitude, preferably wirh a nse tfmc of less than 1 % 
of one half of the flow rate decay (Q/Q. = 0.5) 

5 1  Puckers-Hydraulically actuated packen are ream-  
mended because they produce a positive seal on the borehole 
walI and because of the low compresn’bdity of water they are 
also comparatrvely npd. Each packer shall seal a portion of 
the borcholc waU at least 0.5 m m length, wth an applied 
pressure at lean equal to the urotss constant pressure to be 
applied to the packeddf interval and less than the formation 
fraaurc prrssure at that depth 

5.3 Pressure Traruducers-The pressure shall be measured 
as a funcuon of,time, &th the vlnsduar located in the 
packedoff test snt&f -;ihc~ressurc tnnsduar shall have 
an accuracy of at, Ikt 2 3 y a  (20.4 pub mdudmg mors 
introduced by !he recording system:’and a resolution of at 
lean 1 kPa (0. I5 pu). 

5.4 Flow,Mefers-Suitablc flow metes shall be provided 
for measunng water flow rates in the range from IO’ cm’/s 
to IO-’ cm’/s. Commcraally available flow meten arc capa- 
ble of measunng flow rates as low as 10’ cm’/s w t h  an 
accuracy of fl X and with a resolution of 10’’ cm’/s. t h e  
can  test permeabilities to 10” md based on a 10-m packer 
spaang-P?sitive displacement flow metes of either the tank 
type (Haimson and Doe (4) or bubble-type (Wilson ef al (3) 

od IS used to determine the transmiuiwty and doratt6ty W& aWble of mauring  flow ntts as low as 10” a ’ / S ,  
on a 1O-m 

nlr Advantages of the method are (0)  it avoids the cffba“-qf *. packer 
\ 5 5  Hydraulic Sysfcms--The inflatable rubber packers 
shall be attached to high-pressure stel tubing reaching to the mlJ-bon sorage, (6) 11 may be employed over a wdc range‘, 

in duration than the conwntronal pump and slug t c ~  uxd ’, me pump Or pressure bslng a stparaie hydraulic 
m more permeable rocks ithensifier providing the constant pressure shall be attached 

to thesteel tubing a! thc surface A remotely controlled down- 
using the suggested test method arc e\tlua$cd by ‘3‘ O J r v h h o l e  valve, located in the stel  tubmg immcdiatel) above the 
matching technique descnbed by Jacoband.&ohman (I)’;md--u$pcr packer, shall be used for chutting in  the t a t  interval 
extended to analysis of single fractur&’by Doc& al (2) I f  
the water flow rate attains 
calculate the u;lnsmissinty of the t a t  

formations surrounding packed-off it&- w-sb.Qn-ta h a b l l l t l a  to lo4 md 

of rock F ~ ~ b i l 1 t i ~ ,  and (c) 11 1s conaderably Shoner *,surface. ne packe= themxi= shall jnhld with wtcr 

/’ -.-* 
notLr & d k  obtained 4 2 AnfdlJrJ-ThC WmSlCnt 

and for instantaneous starting of tesu 

6. Roccdures 
6 I Drdling Test Holes 
6 1 1 Number and Orientation-The number of t a  holes 

be sufficienl to supply the detail r c q u i d  by the scope 
of the P r o l a  The test h o k  shall be dleaed 10 I n t e r n  
ma~or fmaure p d m b * y  at an@= 

6 12 TCW Hole Qdity-The dnlling procedure shall pro- 
wde a borehole suffiatntly smooth for packer seating, shall 
contain no rapid changes in direction, and shall mlnimlzt 
formation dam* 
- 6  13 Test Hdes Cored-Core the ta t  holes through zones 

J 

is 
43 Units 

(Io1 cm (lo 
COmsponds to 0 987 pm’ For 
mc a condudiMty 
a permeability o f  1 &cy. 

water as a function of temperature 
4 

.Ithnrrrndard 

of potenual merest to provide tnfonnation for locatlng t a t  
i n t d s  

6.1 4 Core D c s c r p f i o t ? - ~ b e  the rock core from the 
test holes with pamcular emphasis on the lithology and 

6. IS Geophysical Borehole Loggng-Log geophysically 

4.32 Vmosify o/ Warer-Table I shows the vk%si tY  Of 

5 
7- boldface n u m h  in pzrcnfhcrcr refer to t h ~  u c h ~  ~ n d  natural d l m n u n u i b ~ ~ .  
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TABLE 2 Values of G(a) for Valuer of u Between lo4 and 10’’’ 

104 lo-’ lo-’ lo-’ 1 10 lC? 1P 
- 
- - 1 569 18 34 6 13 2249 0 9B5 0 5 3  0 3 6  0251 

2 404 13 11 4 47 1716 0.803 0 461 0311 0232 
3 331 10 79 3 74 1 477 0 719 0 427 0.294 0222 
4 28 7 9 41 330 1.333 0667 0 405 0283 0215 
5 25 7 8 47 300 1234 0630 0 3 9  0274 0210 
6 23.5 777 278 1160 0.602 0.377 O H  0206 
7 21 8 723 260 1103 0.580 0.367 0263 0203 
8 204 6 79 246 1057 0562 0 359 0258 0200 
9 19.3 6 43 235 1018 0547 0.352 0254 0 198 
10 18 3 6 13 225 0985 0.534 0.346 0251 0 196 

lff 1OL 1V 10’ 1Q 1Q 10‘. 10” - 
1 0 1% 0 1608 0 1360 oiin 0 la37 0 0927 00838 0.0764 
2 0 1841 0 1524 0 1299 01131 0 r o m  00899 0 0814 0 074.4 
3 0 1m 0 1479 0 1266 0 1106 0.0982 0.0883 0 0001 0 0733 
4 0 1733 0 1449 0 12u 0 lo89 00968 0 0872 0 0792 0 0726 
5 0 1701 0 1426 0 1227 0 1076 0 09% 00864 0 0765 0 0720 
6 0 1675 0 1408 0 1213 0 1066 0.0950 0.0857 UoT19 0 0716 
7 0 1654 0 1393 0 1202 0 11x7 0.0943 0 os51 o on4 0 0712 
8 0 1636 0 1380 0 ‘1192 0 1049 0.0937 00846 00110 0 0709 

10 0 1608 0 1360 o iin 0 1037 00927 / -0.m38 0 0764 OD704 
9 0 1621 0 1369 0 1184 0 1 0 0  00932 t‘. 0- 0 0761 0 0706 

>‘ 5 

Presswe 
v.n-m 
rror- 

I 

rain any m a t e d  that could be washed into the permeable 
pones dunng testing, thereby changmg the mnsmiuivtty and 
storativity Flush the test holes w t h  clean uatcr until the 
return IS free from cuttings and other dispersed solids 

7 \ 6.2 Test Intenals 
6.2 I Se@ion o/Tcrr Znrervals--Detcrmine test intervals 

from ~e~corc&saipt~ons, geophysical borehole logs, and, d 
ncocssary>-from nsual mpectron of the borehole wth a 

6.L2-Chonges in L.uhologpTcsc each major change ~t 
AlithoIogy that a n  k isolated ktwcen packers 

462.3 Sampling DiKonlinuitics-DiKonunuities are ofica 
/’he major permcable fcsturts in hard rock Ten joinrcd zona, 
gault zones, bedding planes, and the like, both by isolating 
indindual features and by evaluating the combined ciTecu of 
several featurn 

6 2 4 Rcditndanc 1 of Tcus-To ekaluaie knnabllrty in 
./ transmlssinty and siorativity. conduct three or more tests in 

ach  rock type, I f  homogeneous If the rock is not homoge- 
ncous, the sets of tens should encompass similar types of 

Fbw meter Conslant pressure 
rcDldmg xMce 

Transuucec 
c-1lCJ-g 

--c;Yalw” ~~~-.bortscopc or TV camera 
rr#rvar 

Rock 
mass dlscontr nuitis 

6.3 Tea Woter .. 
6.3.1 QudifpWata ustd for pressure pulse tests shall be 

dean, and wmpallble mth the formation Even mall 
amounts of dlspcrstd solids In the injection water could plug 
the rock face of the test m t d  and result in a mcasuftd 
transmisslvlty value that is arontously low 

6 3 2  Tmpwufure-The lower limit of the test water tern- 
pcratun shall be 5% below that of the rock mass 10 be tested. 
Cold water injected into a warm rock m a s  a u s Q  air to come 
out dsolution, and the mulung bubbles 4 1  radically mob@ 
the pItsurc lnmslent ChuaacrisLlCs. 

6 4  Tcrrrng- 
6 4.1 FJIIng and Purgrng Sysfem4nct  the packen have 

k e n  SCS dOdy fill the tubing stnng and packed-off r n t e d  
Wth water to ensure that no air bubble wll bc trapped in 

the test interval and tubing Close the downhole valve to shut 
in the test Intcrvll, and allow the test section prrssurcs (Y 

FIG 1 EquipmcntSchenubc 

the zona of potentla1 intern In panleujar, dccurcal- 
rnducuon and gamma-emma density 1- Whenever possi- 

Bbls also use sonic logs and the acoustic telcwmer Run other 
”logs as rquired 

6 1.6 Wathing Tal Holes-The tcn holes must not Con- 
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determined from downhole pressure transducer mding) to 
dlsspate 

6 4 2 Comfunf Pressure Test-Prmunzc the tubing, typi- 
plly to between 300 and 600 kPa (50 to 100 psi) above the 
hut-in prcssurc Ths range of pnssures IS in most cases 
rufiaently low to minxmlze &omon of fractures adjacent 
11 the test hok, but in no case should the prmurc excced the 
minimum pnnapal ground strm, It IS nccmary to provide 
m a e n t  volume of prcssunzed water to maintam constant 
~nssure dunng testing. Open the down-hole valve, maintam 
Ibe constant pnssurc, and rccord the water flow rate as a 
function of ume Then dose the down-hole valve and repeat 
b test for a higher value of constant test pnsrurc. A typical 
W r d  is shown in Fig. 2 

-%dculations and Interpretation of Test Data 
7 1 The solution of the differenttal equatton for unsteady 

State now from a borehole under consrant pressure located in 

1 

an extenme aquifer IS given by Jacob and Lohman (1) as' 

where. 
Q = watqrflowrate, 
T 
P 
p = waterdensity, 
g 
G(a) = function of the drmensionless parameter a 

a 13 TC f Sr,' 

where 
I = ttme elapsed from start of tcst, 

Q = 2rTP G(u)/pg. (1) 

= transmisinty of the test interval, 
= excess test hole pnssure, 

= deration due to gravity, and 

(2) 
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S = storativity, and 
r,. = radius of the borehole over the test interval 

7 1 I In  Fig. 2, the flow rate in  the shut-in, packed-off 
interval IS considered constant. In those cases where the 
response of the shut-in interval is time dependent, interpn- 
tabon of the constant prmurt test is unaffected, prondcd 
the ume depcndency is linear. 

7 2 To determine the txansmissiwty, T, and storativity, S, 
data on the water flow rate at constant pnssure as a funaon 
of tlmc are plotted in the followng manner (1). 

7 2 1 E a  plot a type CUNC on logarithmic paper of  the 
funmon G(a) versus a where values of G(a) arc gven in 
Table 2 

7 2 2 Second, on transparent loganthmic paper to the same 
scale, plot vaIues of the flow rate, Q, versus values of  ume, t 

7.23 Then, by plaang the expenmental data over the 
theoretical curve, the best fit of  the data to the curve can be 
made 

7.2 4 Determine the values of transmimnty. T, and sto- 
minty, S. using Eqs 1 and 2 from the coordinates of any 
point in both coordinate systems 

, 

8. Report 
8 1 The report shall include the followng 
8 I I Xntroducrron-The introductory w o n  is intended 

to present the scope and purpose of  the constant pressure t a t  
program, and the charactenstin of rock mass tested 

8 1 I 1 Scope o/Tesring Program 
8 I 1 1 1 Report the Imtron and onentatron of the bore- 

holes and test intervals For tests in many boreholes or in a 
vanety of rock types, present the matnx in tabular form 

8 1 I I 2  Rationale for test location selection, including 
the reasons for the number, Iocauon, and size oftest intervals. 

8 I I 1 3 Discuss in general terms limitations ofthe testing 
program, staung the areas of  interest which are not covertd 
by the testing program and the limitations of the data wthin 
the a r m  of application 

8 1. I 2 BrreJ Descrrplion 01 rhe Tesi Inlcrvols-Descnbe 
rock type. structure, fabnc, g n i n  or crystal size, dixontinui- 
tics voids. and wcathenng of the rock mass in the t a t  
intervals A more detailed descnption may be needed for 
certarn applications In a heterogeneous rock mass or for 
several rock types, many intervals may be described, a tabular 
presentation is then recommended for clanty 

T& 
5 * 

8 I 2 res[ Mcrhod 
8 12 I Equrpmenr and Appororus-Include a list of the 

equipment used for the test, the manufacturer's name, model 
number. and basic specifications for each major item, and 
the date of last calibration, if applicable 

8 1 2 2 Procedure-State the steps actually followed in the 
procedure for the test 

8 I 2 3 Varimions-If the actual cquipment or procedure 
denates from this test method, note each vanation and the 
reasons Discuss the effects of any deviations upon the test 
results 

8 1 3 Theoreircal Background 
8 1 3 1 Data Reduction Equariom-Clearly present and 

fully define all cquauons and type curves used to reduce the 
data Note any assumptions inherent in the equations and 
type curves and any limitations in their applications and 
discuss their effects on the results 

8 1.3 2 Site Specfic Influences-Dscuss the degree to 
which the assumptions conmncd in the data reduction equa- 
tions pertzun to the actual test location and fully utplun any 
factors or methods applied to the data to corrtct for depar- 
tures from the assumptions of the data reduction cquatrons. 

8.1 4 Resulls 
8 1 4 1 Summary Table-Present a table of  results, indud. 

ing the types of rock and discontinuiua, the average values 
of the transmissivity and storativity, and their ranges and 
u n a r l a m l a .  

8 14.2 Individital Results-Pnxnt a table of results for 
individual tesu. mcluding test numbcr, i n t d  length, rock 
types, value of constant pressure transmisnvity and storauv- 
ity, and flow rate as a function of time 

8 I 4 3 Graphic Dura-Present water flow rate VMUS ume 
curves for each test, together wth the appropnate type CUM 
used for their interpretation 

8 1 4  4 Orhcr-Other analyses or presentations may be 
included as appropnate, for example (a)  discusson of the 
charactenstic of  the permeable zones. (b) histograms of re 
sults, and (c) companson of results to other studies or pn- 
vious work 

8 1 5 Appcndcd Data-Include in an appendix a com- 
pleted data form (fig. 3) for each test 

9. Precision and Bins 

9.1 Error Enimatc 
9 1.1 Analyze the results using standard statistical m& 

ods Calculate all uncertarntrcs using a 95 5% confidence in- 
tcrval 

9 1 2 Mc.nrimtnm[ i.~rr~~r-Evaluatc the errors in tnw 
musivity and storativity ~sociatcd wth a single test Ths 
includes the combined effects of flow a t e  determination, 
measurement of ume, and type curve matching. 

9 1 3 Sample Vanabilirj-For each rock or disconttnuity 
type, calculate, as a minimum, the mean transmlsslnty and 
storativity and their ranges. standard dtnauons, and 95 96 
confidence limits for the means. Compare the unccmnty 
associated wth the transmissivity and storaunty for tach 
rock type wth the measurtment uncertainty to deteminC 
whether measurement error or sample vanability is the dom- 
inant factor rn the rtsults. 
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STANDARD TEST METHOD FOR DETERMINING TRANSMISSIVITY AND SKlRATIYITy OF 

LOW PERMEABILFn ROCgS BY INSITU MEAsuREMENls USING 

THE PRESSURE PllISE TECHNIQUE 
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Designation: 0 4631 - 86 (STE, 
Standard Test Method for 
Determining Transmissivity and Storativity of Low 
Permeability Rocks by In-Situ Measurements Using the 
Pressure Pulse Technique' 

1. scope 
1 I Ths test method covers a field procedure for dcter- 

mining the transmisslvlty and storativlty ofgeologcal forma- 
aons havlng pcmeabllitles lower than IO" pm2 (1 
didarcy) m n g  the prcssure pulse technique. 

1.2 The transmlsslwty and stomhvlty values determined 
by t h s  test method provlde a good approximation o f  the 
capaaty of the zone of interest to tnnsmit water, if the test 
intervals are rcprcscntahve of the enure zone and the 
surrounding rock IS fully water saturated. 

1.3 The values stated in SI units arc to be regarded as the 
standard 

1 4 Thls standard may involve hazardous materials. oper- 
ations, and equipment Thls standard does not purport to 

the responsibility oJthe user of thu standard to establish 
appropriate safay anti health practices and determine the 
apphcability of regulatory Itmitations prior to use 

I address all of the safify problems assmiated with ifs use It is 

9 
2. Terminology 

2 1 Descriptions of Term Specific to This Sfandard 
2 1 1 trammtssivrty. T-the transmissiwty of a formation 

of thicknm, 6, IS defined as follows 

where 
K = equivalent formation hydraulic conducuvity (efhc) 

The efhc is the hydraulic conductivity of a matenal if it 
were homogeneous and porous over the entire interval The 
hydraulic conductiwty, K, IS related to the equivalent fonna- 
hon, k, as follows 

where 
p = fluid density, 
p = fluid viscosity, and 
g = acceleration due to gravlty 

of a formation of thickness, b, is defined as follows. 

where 
S, = equivalent bulk rock speafic storage (ebrss) 

T - K b  

K- bwp 

2 1.2 sforafivity. &the storatmty (or storage coeficient) 

S - S ' b  

s 
9 - 

Thu M method u u- the junsdrcuon of ASTM Cimrnitter D-1 8 on SOII 
and R a k  a d  IS the d i m  rerporr~klaty of S u b m m r i u c  Dl8 I2 on Rock 
Mahania 

Cumnt adition rpp~~vad ocl 31 1986 Published Deotmbcr 1986 

The ebss IS defined as the specific storage of a matenal if it 
were homogeneous and porous over the entire interval T h e  
speafic storage is even as follows. 

when 
C, = bulk rock comprrsubihty, 
C, = fluid comprcmbtlity, and 
n = formauonporosrty. 

s, = Pg C G  + nC,) 

22 Symbols 
2.2.1 Cb-bulk rock comprtssibility (M'ILT') - 
2.2 2 C,--compresnbiltty of water (M"LT*) 
2.2 3 K-hydraulic conductivity (LT') 
2 2 4 G-length of packed-oKzone (L) 
2.2.5 P--exccss test hole phssun (ML-'T2) 
2 2  6 P,,-initd pressure pulse (ML-IT') 
2.27 S-mrahvlty (or storage cocflicient) (dime* 

2.28 S,--specfic storage (L"') 
22.9 T--tranunissivIty (L-1) 
2.210 V,-volume of water puked (L3) 
2.2 I I &fornuon thickness (L). 
2 2.12 e-fmun aperture (L) 
2.2 13 g-aculeration due to grawty (LT') 

2 2 I5 n-porosity (dimensionless) 
2.2 16 r,-mdius of lest holc (1) 
2 2 17 I-time clapscd from pulsc initiation (T) 
2 2 18 a--dirnennonlcss, parameter 
2.2 19 +dimensionless parameter 
2 2 20 ~ - V I X X K I ~ Y  Of Water (ML-'T') 
2 2 21 p-densrty of water (ML-') 

3. Summary of Test Method 

3 I A bonhole IS first dnllcd into the rock mass, inter- 
sccUng the gcolog~cal formaaons for which the transmrssiwly 
and storatiwty are desired The borehole is cored through 
potential zones of interest, and IS l a ta  SUbJccted to 
geophysical borehole logging over rhcse intervals Dunng the 
test, each interval of inteest LS packed off at top and bottom 
wth inflatable rubber packers attached to high-prmure std 
tubing. After inflating the packm, the tubing stnng 
completely filled wth water. 

3 2 The test itself involves applying a prtssurc pulse to the 
water in  the packedsff interval and tubing stnng, and 
recording the rcsultlng prmurc transient. A pmsure traw 
duccr, located either in the packed4 zone or in the tubing 
at the surface, measures the transient as a function of tlmc 
The decay charactenstics of the pressure pulse are dependent 

sonless). 

2 2 14 k-pmabillty (L2) 
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on the transmissiwty and storatiwty of  the rock surrounding 
the interval being pulsed and on the volume of water being 
pulsed Alternatively, under non-artesian condiuons, the 
pulse test may be performed by releasing the pnssurc on a 
shut-in we11, thereby subjecting the well to a negatlvc 
prcssun pulse InterpretatJon of this test method IS slmilar to 
that described for the positive pressure pulse 

4 Significance and Use 
4.1 Test Mefhod--The pulsc test method IS used to 

determine the transmlssiwty and storatlwty of low-perme- 
kdity formauons surrounding the packdoff  intervals. The 
,& method is comderably shorter in dumbon than the 

pump and slug tests uscd xn more permeable rocks To 
obmn results to the destrcd accuracy, pump and slug tests in 
bwgermeabihty formauons arc too umc consuming, as 
mchcated in fig. 1 (from Bredehoeft and Papadopulos (1)) 

4.2 Analysis-The transient prmure data obmned uung 
the suggested method are evaluated by the curve-matching 
technique descnbcd by Bredehoeft and Papadopulos (I), or 
by an analytical technique proposed by Wang et a1 (2). The 
h e r  is particularly useful for interpreting pulse tests when 
only the early-time transient prcssure decay data arc avail- *. 

4 3 Unrn 
4.3.1 Conversions-The permeability of a fonnauon IS 

often expressed In  terms of the unit darcy A porous medium 
has a permeability of I darcy when a fluid of WCcKity 1 CP (1 
mPa-s) flows through it at a rate of I m 3 / s  (IO4 m3/s)/l 
an2 (IO+ m2) cross-sectrond area at a pressure &fferentlaJ 
of I atrn (IO1 4 kPa)/l cm (IO mrn) of length One darcy 
Eomsponds to 0 987 pm2. For water as the flowng fluid at 
WC, a hydraulic conductinty of 9.66 pm/s corresponds to a 
Pameability o f  I darcy 

4.3.2 fiscosffy o/ Wafer-Table I shows the vrscosity of 
Wter as a functlon of temperature 

5 Appamtus 
- NOTE-A schemauc of the test equipment IS shown in Fig. 2. 
T 

5 I Source of Pressure Pdse-A pump or pressure men- 
sifia shall be capable of inJectlng an addiuonal amount of 
water to the water-filled tubing String and packcdoff test 
interval to produce a sharp pressure pulse of up to 1 MPa 
(145 psi) in magnitude, preferably wth a rtse trme of less 
than 1 96 of one half of the pressure decay (P/P' = 0.5). 

5 2 Pucken-HydrauhcaIly actuated packers are m o m -  
mended because they product a posltive stal on the borehole 
wall and because of the low comprcsslbility of water they art 
also companuvdy n e d  Each packer shall seal a portron of 
the borehole wall at least 0.5 m in length, with an applied 
pressure at least equal to the excess maximum pulse pressure 
to be apphcd to the p a c k d o f f  i n t d  and less than the 
formation fraaurc prcssurc at that depth 

5.3 Pressure Trantducers--The test prcssurc may be mea- 
sured duectly in the packdoff test intervat or at the surf= 
with an electronic pressurc transducer. In either case the 
pressure shall be recorded at the sudacx as a funaon of 
ume. The pressure transducer shall have an accuracy of at 
least 23 kPa (20 4 psi). including emrs introduced by the 

TABLE 1 Vrcorw of Water as a FuncoOn of Temperature 

Tenqxmtue 
*C 

0 1?9 
2 187 
4 1 4  
6 1 47 
6 1.39 

10 131 
12 1 2 4  
14 117 
16 111 
l6 1.06 
20 11K) 
22 0.96 
24 091 
26 om 
28 0.84 
30 080 
32 077 
34 0 74 
36 0 71 
38 060 
40 066 

823 



04631 

FIG 2 Schembc of Test Equipment 

recording system, and a resolution of at least I kPa (0 I5 psi) 
5 4  Hydraulic Systems-The inflatable tubber packen 

shall be attach4 to high-pressure steel tubing reaching to the 
surface The packers themselves shall be inflated wth water 
unng a separate hydraulic system The pump or prcssurr 
intensifier prowding the prrssurt pulse shall be attached to 
the steel tubing at the surface I f  the pump is used, a 
fast-operatrng valve shall be mounted in the tubing at the 
surface near the pressure pump 

6. Procedure 
6 1 Drtlhng Test Holes 
6 1 I Number and Orrenfatron-The number of test holes 

shall be suficient IO supply the detail required by the scope 
of the project The test holes shall be drrtcted to intersect 
major fracture sets, preferable at nght angles 

6 I 2 Tesf Hole QualitpThc dnllrng procedure shall 
provlde a borehole suffrclently smooth for packer seabng. 
shall contain no rapid changes in direction, and shall 
minimize formation damage. 

6 1.3 Test Holes Cored-Core the test hola through 
zones of potenual interest to provlde information for lo- 
catlng test intervals 

6.1 4 Core Descripfion-knbe the rock con from the 
test holes with particular emphasis on the lithology and 
natural discontmuiues. 

6.1.5 Geophysical Borehole Loggmg--Log gcophystcally 
the zones of  potenual Interest. In pamcular, run electrical- 
induction and gamma-gamma density logs Run other logs 
as required 

6 16 Washing rest Holes-The test holes must not 
conmn any matenal that could be washed into the perme- 

able zones dunng tesbng. therrby changmg the trans 
missiwty and storativity. Rush the test holes wth clan 
water until the return IS fm from cuttings and o,hrr 
dispersed solids 

6 2 Test Infervals 
6 2 1 Selecfron of Test Inlemals-Test intervals are dcltr- 

mined from the core dcscnptJo% gwphpcal borehole 
and, ifnccessary, from v l ~ u a i  inspection ofthe borchoieWvnh 
a borescope or 'N camera 

6.22 Changes in Lithology-Test each major change In 
lithology that can be solated between packers 

6 2 3 Sampling DiK.orurnuities-Disn~nuitl~ oftcn 
the major permcable featurn in rock. Test jointd 
zones, fault zones, bedding planes, and the like, boa by 
isolating indiwdual features and by evaluatmg the mmbind 
effccu of several fcaturcr 

6 2 4 Redundancy 01 Tests-To evaluate vmab&ty In 
uansmissinty and storauvlty, conduct several tests IU 
rock typq if homogcntous I f  the rock IS not homogcm~us, 
cach sct o f  tesu should encompass slmilar typa of 
dlsconbnuiues. 

6 3 Test Waer 
6 3.1 Quality-Water used for pressure puke tuts shall k 

clean, and compaziblc wth the formation Even small 
amounts o f  dispersad solids in the inJection water could plug 
the rock face of the test interval and rrsult in a measured 
transmissivity value that IS erroneously low 

6 3 2 Temperarurc-The lower limit o f  the test water 
temperature shall be 5% below that of the rock mass to bt 
tested Cold water injccted into a warm rock mass cam au 
to come out of solution. and the resulting bubbles MU 
radically modify the pressure transient characttnsucs 

6 4 Testing 
6 4 I Fihg and Purging S'tcm-Allow sufiaent time 

after washing the test hok for any indued formation 
pressures to dissipate Once the packers have been set, slowly 
fill the tubing stnng and packed4ff interval wth water to 
ensure that no air bubbler will be trapped in the test interval 
and tubing 

6 4 2 Prcttrrrc P ~ h e  7ctr-Rapidly pressurize the tubing. 
typically to bctwccn 300 and 600 kPa (50 to 100 psi), and 
then shut in  This range o f  prrssurcs is in most ca3es 
sufioently low lo minlmite distortion of fractures adjacent 
to the test hole, but In no case should the pnaurc a d  the 
minimum pnncipal ground stress Record the nsultrng 
pressure pulse and decay tranucnl detected by the prssurC 
transducer as a funaton of time A typical m r d  IS ShoWn 111 

7. Cllculrtion and Interpretation of Test Data 
7 I The type of matching technique developed by 

Bredehocft and Papadopulos (I) involves plotting normal- 
ized prcssun (the ratio of the excess borehole prtssurc, p, at 
a p e n  ume to the iniual pressure pulse, P,) against the 
loganthm of time, as indicated in figs 2 and 3 The pUk 
decay is pven as follows. 

P (1) - - 4aS) 
p, 

Fig. 3 

where 
a and B = dimensionless parameters lyven by 

, 
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where. 
V, = volume of water bang pulsed, 

I = bme elapsed from pulse initiaoon, 
C, = comprrsnbility of water, 
T = transmlsnwty, and 
s = storatlvlty 

I, = ~UladIUs,  

7 1.1 In Fig 3, the pressure of the packed-ff inttrval and 
hng fdled wth water IS considered constant In those cascs L the nsponse of the system to filling IS time dependcat, 

atcrpn%auon of the pressure pulse test IS d i  pro- 
ndcd the bme dependency IS linear. N e d  (3) has proposed 

a modification to the Bredehoeft and Papadopuivo procedure 
for interprcong test data when the raponse of the system to 
fiikng IS non-time dependent and when the comprcsslbility 
of the shut-in well IS significantly larger than that of water 
Tables of the function F(a, 8) have been prowdad bb Cooper 
d d (4). Papadopulos (S), and Brcdehocft and Papadopulos 
(1). 

7.2 The method for analyung pulse decay data depends 
on whether the parameter a IS larger or smaller than 0.1. 
Since the value of a IS not known a pnori, the test data art 
first anal@ by the method applicabk to a < 0 1. If h 
analysis indicates that a > 0.1, then that method P used 

71.1 For a < 0 1, the data are anal@ by the method 
descnbcd by Cooper ef d (4). in whch the family of curves 
shown in Fig 4 for F(a, B) as a funmon of B for vanous 
Vlluts of a art used Obstrved ~ U C S  of PIP, art plotted a~ 

a hnction of ame, I ,  on semilogarithmic paper of the same 
scale, and art matched wth a type cum by k&ngthc B 
and r axes coincident and mowng the plots honzontally 
732 The cxprrsslons corrcspondmg to a and 6 in Eqs 1 

and 2. the a d u e  of the matched type cum, and the @ and 
t values from a match point art used to detarmnc the 
transmuslvity, T, and the storage diacnt, S, of the tested 
mtaval. Bdehoeft and Papadopulos (1) indicate that thu 
proadurn ylelds good estimates of the txansmrsslwty when a 
I 0. I ,  but that the storage cocfliaent could be of question- 
able diability for values of a < 

72.3 For a > 0 1, Brcdehocft and Papadopulos (1) 
recommend the use of the family of curves shown zn Fig. 5 

(;:c:;j to 
for F(a, B) as a funaon of the product ag = 

. . -- I -. 
rnterpm the data. Matching of the observed values of P/P, 
plotted as a function of with a type c w e  is ptrformaj in 
the same manner as indicated pmousiy for a s 0.1. In this 

FIG 4 Type Cwves of tht Funcbon F(u, 8) Against the Parameter 8 for Difierent Values of a 
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way, the product Ts and S art detrrrmned Analysis wth the 
type curves shown in Fig 5 provides an indrcauon as to 
whether the data arc adequate for identifying both a and B 
and hence, determining both S and T, or whether the data 
fall in the range where only the product TS can be 
determined 

7.3 Wang m d (2) present an alternative method of 
analyzzng pressure pulse data involnng analytical solutions 
for pulse dacay in nngle fractures of  both infinite and finite 3 extent Reoognxung that firute fracture geometry introduces 
m r s  in the interpretation of the pulse decay data, Wang 
suggests a method that uses data from ekpsed times before 
the fracture boundants bcgn to influence the pressure data. 
Wang found by linear regression of  calculated d a y  pressure 
versus time an empirical expression for the fracture aperture 
of the fotlowng form 

log (ello') = -0 32 log ( I )  -+ C 
+ 0 32 [Z 1% ( r A  0Qt2 (4) 
+ 1  (2.394pCwX 10 )] + 0333 log (Ln) 

= parallel-plate equivalent aperture, m, 
where 
e 

- I = bme,s, c 

r,, = borehole radius, m, 
p = watcrvlsconty, mPa.s, 
C,, = watcrcompmsibility, 1/Pa, 
L = length of the packcd-off interval, m, and 
C = a constant that depends on the fraction o f  pulse 

F ~ c o o l l d p ~ k d m y  (fa- PYP. 005 0 IO 0 is 

decay, as follows 

WaagOnuml~ c 109 1 2 0  127 

7.3 1 Wang shows that in test zona contsurung two 
fraUurcs of dlffmnt apenurcs, the wder fracture dominates 
the earfy t~mc behawor The early pressure pulse decay 
therefore rcflccu the major fracture only. Dot, et d (6) new 
hdmdual fractures as confined aqiufers whose 
transmmvlues an gven by the cubic rclat~onsh~p = 

T = pge3/12p (5) 

Thus, Eq 5 prowdes transmlmvlty in tenns of a panrllel- 
plate equivalent fracture apcrturt calculated from Eq 4 

7.32 Eqs 4 and 5 can be solved for the early-tune pnsnut 
puke decay data to provide a transmissinty value for the test 
interval from the calculated parallel-plate equivalent apa- 
turt 

8. Report 
8 1 The report shall include the following: 
8.1 I Introduaron-The introductory -on IS mtendcd 

to prescnt the scope and purposc of the prsturt pulse test 
program, and the characttnstlcs of the rock mass tested 

8 1.1.1 Scope o/T&ing Program. 
8 1.1 I 1 Report the location and onentauon of the 

bortholes and test intervals For tests in many boreholes or 
in a vanety of rock t y p ,  present the test matnx in tabular 
form 

8 I 1.1 2 Rationale for test location selccuon, includrng 
the reasons for the number, location, and SIZC of test 
intervals. 

8.1.1.1.3 DISCUSS in general terms the hmitauons of tbe 
m n g  program, staung the areas of intaest which 4n not 
covered by the tcstmg program and the limitations Of* 
data wthm the artas of application 

8.1.12 Bntf Dmption o/ the Tat  I n t e r v a h - ~ ~  
rock type, s t r u c t u ~  fabnc, grain or crystal * 
dscontinuities, voids, and wtathmng of the rock mas5 u1* 
tcst intervals. A mort d&uled descripuon may be nccdCd for 
cutam applications In a heterogeneous rock mas Or for 
scvaal rock types, many intervals may be desenbed, a 
tabular prcsentauon is then recommended for claW 

8 12 Ttsl Methoti 
8.121 Eqtctpmenf and Apparatus-Include a ltH oftbc 

qmpment usxi for the test, the manufacturer's name, mod' 
number, and basc speafications for each major item. and 
the date of last calibrauon, if applicable 

8.1.22 Procedure-State the steps actually followed in the 
procedure for the test. 
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8 12.3 Variations-If the actual equipurcnt or p r d u r e  
denates frop this test method, note each vanatlon and the 
zasons DISCUSS the effects of the devtatlons upon the test 
bulu 
8 1.3 neorelical Background 
8 1.3 1 Data Reduction Equafrons4early prcsent and 

fully define all equanons and type curves used to reduce the 
data. Note any assumptions inhmnt in the equations and 
type curves and any hrmtatlons i p  their apphcanons and 
 ISC CUSS their effects on the results 

8.1.3.2 Site Spec@ In/lunces-Dxus the degnt to 
whch the assumptions contaxned in the data redumon 
&~uatlons pertam to the actual tcst locauon and fully expliun 
any facton or methods apphed to the data to correct for 
departures from the assumptlons of the data redumon 
I X p t l O n S .  

8.1 4 Residlu 
8 1.4.1 Summary Table-Prcsent a table of d t s ,  m- 

du&ng the types of rock and dswntmmtles, the average 
values of the transmtssvtty and storatlvtty, and thur ranges 
and uncertamtlcs. 

8.1.42 Individual R e s u l t s - k n t  a table of results for 
m&wdual tests, including test number, interval length, rock 
typts, transmwiwty and storauwty, and pressure pulse 
amplitude and decay Qme (or recording tlme, if the decay is 
mcomplete) 

, 

8 14.3 Graphic Data-Present pressure pulse decay 
vmus tlme curves for each test, together mth the appro- 
pnate type curves used for their interpretatloo 

8 1 4  4 Other-Other analyss or presentatlons may be 
mcluded as appropnatc, for example (I) dlxusslon of the 
charactenstics o f  the permeable zones. (2) hograms of 
results, and (3) companson of  results to other stud~es or 
pnvtous work. 

8 I 5  Appended Data-Include in an appendu a com- 
pleted data form (Fig 6) for each test 

9. Recision and Blls 
9.1 Emor Esttmmte 
9.1 1 Analyze the results using standard stamcal 

methods Calculate all uncertiuntles uung a 95 % confidence 
interval 

9.12 Measurement Error-Evaluate the mors in trans- 
mlssiwty and storatiwty assoaated wth a single test Thts 
includes the combined effects of prcssurt determination, 
measurement of bme, and type curve matching or early 
decay time analysrs 

9.1.3 Sample Vanabiliry-For tach rock or discontinuity 
type, calculate, as a minimum, the mean transmisiwty and 
storatlvity and thtlr ranges, standard demtlons, and 95 % 
confidence limits for the means Compare the unctrtainty 
assoaated wth the transmssiwty and storatiwty for tach 

FIG 6 Data Sheet for In SIRI Measurement of Ttansmtswvtty and Storatrwty Uwng the Pressure Pulse Techtuque 
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rock type wth the rncasuremenl uncertainty to determine 
whether measurement error or sampIe vanabihty IS the 

dominant factor in the results 
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SLUG TESTS 

EG&G ROCKY FLATS PLANT Manual. 5-210oO-OPS 
EMD MANUAL, OPERATION SOP Procedure No.: GW.4, Rev. 2 

page: 2 d 7  
Effectrve Date: March 1,1992 

Category 2 OcgaJuzatlon: Environmental Management 

2 0 PURPOSE AND SCOPE .. 
The purpose of this standard opera- procedure (SOP) 15 to pronde the t e h c a l  gtudance and 

methods for perforrang slug tests on piezometers at the Rocky Flats Plant (RFP) 

The procedures 111 the followrng secbon d be unplemented for conductmg the slug tests 

3 0 QUALIFICATIONS 

Personnel perforrmng slug test procedures wdl be geolopts, hydrolopts, hydrogeolopts, 

eqpeers, or field t e h a a n s  wth an appropnate amount of apphcable field expenence or on-the- 

job tramng under supemion of a q u ~ i e d  person All personnel perforrmng ths procedure are 

requred to have 40-hour OSHP classroom trsm,no whlch meets Department of Labor regulatton 

29-CFX 1910 120 (e)(3)(1) 

4.0 REFERENCES 

4.1 SOURCE REFERENCES 

Phe followq 1s a h t  of references renewed pnor to the mtmg of ths procedure 

Cooper, H H , Jr , J D Bredehoeft, and I S Papadopulos, 1967, Response of a Fmte Diameter Well 

to an Instantaneous Change of Water Water Resources Research, 3(1) 

Hazardous Waste Management Pradce Site Inveshgatton Basehe Procedures, Woodward-Clyde 

Consultants, August 1982 
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Hvorslev, MJ , 1951, Tlme Loe and So 11 Permeabhtv 111 Groundwater Observahons, Bulletm No 

36, Waterways Expenment Stahon, Corps of Eqpeers, Vicksburg, MISS 

4.2 INTERNAL REFERENCES 

Related SOPS cross-referenced by ttUS SOP are as follows 

e SOP F03, General Equpment Decontammahon 

SOP GW 1, Water Level Measurements m Wells and Piezometers 0 

5 0 PROCEDURES FOR SLUG INJECTION/WITHDRAWAL TEST 

A f h g  head slug test shall be performed by "mstantaneously" mtroducmg a sobd slug below the 

water level mto piezometers, or momtomg wells Slug tests wdl not be performed slmultaneously 

m adjacent piezometers (1 e ,  wlttun 50 feet verbcally or honzontally) 

5 1 PRETEST DATA RECORDING 

A Slug Test Data Form (Form GW 4 4  see Sectton 6 0 - Documentabon) WJU be completed pnor 

to conductrng each test The followrng donnabon wrll be obtamed m the field or from txlstmg 

well logs pnor to performance of the slug test and v d  be recorded on the Slug Test Data Form 
I 

0 I C a s q  hameter (check m field) 
0 Borehole hameter 

0 Locahon of surveyed measuring pomt 

Total casmg depth (check L L ~  field) 

Stahc water level, H o  (pnor to mtroducmg slug) (measure LII field) 

e 

e 

e Screen depth and lnterval 
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Locabon of gravel pack 

Lsthology of screened mterval 

For 4rnch h e t e r  wells, a 5-foot-long, frnch &meter, stamless steel slug wdl be used to prowde 

the "mtantancous" head change For 2-mch h e t e r  wells, a 5-foot-long, 15-mch Ckameter, 

stamless steel slug wdl be used 

5.2 FIELD PROCEDURES FOR SLUG INJECTION TEST 

An excess head, large enough to provlde mesnlncrful data for slug test analysu, will be created m 

each piezometer or well tested dunng the slug mjecbon test Before use at each piezometer, all 

eqmpment and cables wdl be decontarmnated accordq to SOP F03, General Eqlupment 

Decontammabon 

The stam water level wdl be measured m accordance with SOP GW 1, Water Level Measurements 

rn Wells and Piezometers The measunng pomt shall be the survey pornt where the surface 

elevahon was measured, o theme the pornt of reference wdl be the nm of the top of caslng 

Water levels WLU be recorded to the nearest 0 01 foot 

The total casmg depth d be deternuned wth a wetghted measuMg tape 

Water levels dunng the slug test prill be measured with the H e m t  Enwonmental Data Logger, 

Model SE1000B, or a d a r  measuring devlce. The operabons manual for the mcasunng devlce 

wrll be a d a b l e  XLI the field for reference Usxng the manufacturer's opcrahon manual, the 

appropnate transducer probe WIII be selected for the piezometer or well to be tested 

The transducer probe wdl be set m the piezometer at the appropnate depth as deterrmned by the 

semihvlty of the transducer, he& of the water column m the well, and length of the slug to be 

(401 1-1 1 l-pP)( GWlRBV2)(07.2442) 
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mtroduced mto the piezometer The probe cable will be secured to the outside of the piezometer 

casmg h t ~ d y ,  the transducer probe pressure readout (reference level) wrll be set to zero whle 
the probe IS ID the water The depth to water on the data logger from statxc water level to 

transducer probe WJU be checked wth the knom depth of submergence to mnfy that the probe IS 

worlung properly The probe wdl then be referenced to appropnate datum A pre-run checkout 

test wd be performed by settmg the data logger to the appropnde parameters (as outhed ID the 

owner’s manual), mhatmg recordmg of measurements on the data logger, and rasmg and lowenng 

the transducer probe m the well to smulate water level changes The measurements of the 

changmg water levels wdl contmue for 10 m u t e s  The data wdl then be reviewed to venfy that 

equpment IS ope raw properly 

After complehon of the mhal pre-run checkout, the sobd slug wdl be lowered rnto the piezometer 

so that the bottom of the slug 1s appronmately 2 to 3 feet above the u t r a l  statx water level 

Imme&ately pnor to mtroduaon of the slug below the water level m the piezometer, water levels 

wdl be recorded wth the data logger The slug d then be quckly lowered so that It 1s posihoned 

1 to 2 feet below the stauc water level m the piezometer or well and above the transducer probe 

If there IS lnsufGaent water m the piezometer or well to allow complete submergence of the slug, 

the slug wdl be mmersed as fully as possible wthout dsturbmg the transducer probe The 

transducer probe shall r e m a  stabonary dunng and after the proccss bf lowenng the sohd slug 

The test wdl contmue untd water levels return to 10 percent of thev stat~c water level or untd 48 

hours have elapsed 

The water level recordmg mterval wdl be set to the 10ganthm.1~ mode 

measurement w.U be approxmately as follows 

The frequency of 

(401 1-9ZM1114Zl)(GW4REV2)(0%%92) 
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Elapsed Tme(after lowerq slug) 

0-2 scc 

2-20 sec 

20-m sec 

2-10 mLll 

10-100 mm 

100-1OOo Illltl 

lE3-lE4 mm 

Log Sample Interval 

02 S t C  

10 sec 

5 0  sec. 

3 0  sec. 

2mm 

10 rmn 

100 rmn 

The water level ~ f l  the piezometer or well w14 be checked p e n d d y  wlth the water level mdmtor 

to verify that the data logger is funct~ormg properly The test complebon tune requued d depend 

upon the hydraullc conductmty of the surroundmg formahon 

If a pnnter IS avdable, all data generated by the pressure transducer and recorded by the data 

logger shall be pnnted out m the field The pnntout of the slug test data shall be stapled to the 

correspondmg Slug Test Data Form (Form GW 4A) 
- 

Slug tests performed m piezometers or wells that are expected to &%it slow pressure falloff (as 

mhcated by piezometer dcvelopment records) wdl be measured wth a water level mdmtor 

Changes in water levels are expected to be slow enough that a suffiaent number of water level 

measurements can be recorded manudy usmg the water level mdlcator 
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53 SLUG TEST METHOD OF ANALYSIS 

The slug test data will be analyzed usmg the appropnate analyt~cal method Methods wdl lnclude 

Hvorslev (1951), or Cooper, Bredehoeft, and Papadopulos (1967) 

6 0 DOCUMENTATION 

Informahon requved by &IS SOP wdl be documented on the Slug Test Data Form (Form GW 4A) 

Borehole dunensions and other mfomabon requved on t h ~ ~  form can be found on apphcable 

borehole log sheets 

Use of field logbooks to supplement the data form documentahon IS ophonal Logbooks may be 

used to descnbe field con&hons, lnstrument rea- and other event spec& dormahon 



U S .  DEPARTMENT OF ENERGY ROCKY FLATS P U N T  

SLUG "EST DATA FORM 

Locabon 
Borehole No 
Test Date/Tune 
Measumg Pomt 
Type of Test 
Transductor Probe Send No 
Datalogger Test Run No 
(mclude tune and date for 
identdicabon purposes) 

Actual Tunc Elapsed Tune 

mRM GWAA 
Page 1 of 2 

Name 
Groundwater Elevabon Before T e s t m o ) ,  
Total Cas= Depth 
Borehole Diameter 
Casmg Dmmeter 
Saeened Interval 
Sand Pack Interval 

Lathology Tested 

Depth to Water H 
from Top of Cas= Excess Head 

(fr) (ft) H/HO 

(401 1-92&0111-920)(GW4FtEV2)(0MWZ) 
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Actual Tune Elapsed Tune 

Depth to Water 
from Top of Cas% 

(fi) 

H 
Excess Head 

(fi) 
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2 0  

3.0 

4 0  

4.1 

PURPOSE AND SCOPE 

Chemical and physical data colledon on locahon durrng the samphng of groundwater d 
supplement analflcal data Data collected m the field wdl be referred to as field parameters Thrs 
standard opera- procedure (SOP) descnbes measurement procedures that will be used for the 

collechon of the followrng field parameters pH, speufic conductance, &solved oxygen, 

temperature, mtrate and N, and tubidty 

The collechon frequency of these field parameters speufic to mctvldual projects wdl be detaded m 

mlvidual field samphg plans However, some cntena for the collechon of field parameters wdl 

be conslstent for all programs Those cntena will be descnbed rn t h s  SOP 

RES PONS I BILITIES AND QUALIFICATIONS 

All personnel performq these procedures are requed to have 40-hour OSHA classroom traumg 

whxh meets Department of Labor Regulahon 29 CF’R 1910 m(e)(3)(1) In ad&hon, all personnel 

are reqwed to have a complete understandmg of the procedures descnbed WI~~III t h ~ ~  SOP and 

receive speclfic tramng regardmg these procedures d necessary 

REFERENCES 

SOURCE REFERENCES 

The followq LS a lst of references renewed pnor to the w n t q  of t h ~ ~  procedure 

A Compenlum of SuDerfund Field Operahons Methods EPA/540/F’-87/001 

Data Oual~tv Obiective for Remedal Amnties DeveloDment Process EPA/540/G-87/003 1987 
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HACH DR/2000 SD ectroDbotometer Handboo k HACH Company Loveland, CO 1988 

HACH Water Analms Handboo k HACHCompany Loveland,CO 1989 

RCRA Groundwater Monitorme Technical En forcement Gu idance Document 

EPA,OSWER-9950 1 September 1986 

Standard Methods for the Exammation of Water and Wastewater 16th Ehhon Method 212 1985 

The Enwonmental Survev Manual DOE/EH-0053 Appendm E, "field Protocols and Gludance " 

1987 

4 2  INTERNAL REFERENCES 

I Related SOPS cross-referenced by t h ~ ~  SOP are as follows 

0 SOP FO3, General Eqlupment Decontammabon 

SOP FO 7, Handkng of Decontammahon Water and Wash Water 

SOP FO 13, Contamemng, PreseMng, Handl~ng, and Shppmg of Sod and Water 

samples 

0 

c SOP GW 6, Groundwater Sampling 
0 

5 0 FIELD MEASUREMENT PROCEDURES 

Several of the parameters requred to be measured are physically or chermcally unstable and must 

be tested either m the borehole usmg a probe (m situ) or rmmtdlately after colledon usmg a field 

test lut or lnstrumcnt (EPA 1986) Examples of unstable parameters rnclude pH, redox potenhal, 

&solved oxygen, and temperature Although speufic conductmty of a substance 1s relahvely stable, 
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it 1s recommended that thu charactenstic be measured m the field. Most mstruments measuMg 

conductmty requue temperature compe.nsabon, therefore, the temperature of the samples should 

be measured at the tune conductrvlty 1s measured 

The spectrophotometnc methodology u&d m ths SOP 1s apphcable to a wde range of chemical 

analyses Turbidrty, mtrate/mtnte, and many other parameters may be measured usmg thu 
methodology If analyses not addressed m thu SOP are needed, and may be performed usmg thu 
methodology, they wdl be added as addenda to tius SOP All field analyses wdJ meet the data 

quahty Objectives spedfied m the subcontractor’s Qua@ Assurance Project Plan (QAPjP) 

The standardzabon/dbrahon of 111 situ momtonng equlpment or field-test probes and krts wdl 

be completed accordmg to the manufacturer’s speaficahons, at the frequency spcafied m the 

appropnate work plans or at the mmmum frequency speclfied m Table GW.5-1 of t h s  SOP 

Instruments wluch meet the acceptance cntena speafied m Table GW5-1 or more stnugent mtena 

speclfied m the work plans are acceptable for use m the field Instruments not meettng the 

speclfied cntena must be cahbrated pnor to each use, so that the acceptance cntena are met 

Samples wdl be collected for field parameter measurements accordmg to SOP GW 6, Groundwater 

SamPk3 

Soluhons used for standardrang, cahbratmg, or btrattng will be checlred pnor to use m the field to 

d e t e m e  rf the expuabon dates have been exceeded. Any qrcd solubons will be &carded and 

replaced wth new soluhons 

Forms apphcable to tius SOP are contamed m SOP GW 6, Groundwater Samplrng 
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TABLE GWS-1 
C.libnation/Standtion F ucndcs and 

Minimum Acceptance Criteria for Fie "9 d Messunments 

Parameter 

PH 

zz-%ncc 

Temperature 

Dissolved Oxygen - 
Electrode Sensor 

R Z ' Z E Y E l m e b  

Total Alkaluuty 

Nitrateptnte as N 
Basehe 

Nitnte 

Blank Value on each 
new lot of mtraver 
5 ampuls 

Muurnurn 

Each well 

Each well 

Freaumcv 

WW 

Each well 

Each Sample 

For each new 
lot of titrant 

Each sample 
Each lot 

(landfill O W )  

Each lot 

Each sample 

each new lot 
of ahbration 
reagent 

procedure bcceotana Cntena 

calibrate 

Calibrate standard value 2 1096 

Standard Value f 02 pH mta 

2 l O T  Merencc between measured 
value and ST calibrated thermometer or 
thermometer calibrated a p m t  an MST 
traceable thermometer) 

Calibrate Standardvalue 2 10% 

6 Calibrate. 

Zerolnstrument O O m g / l  

standardize StandardValue a 10% 

Zero m m e n t  0 0  mg/L 

Rea ent 

Standardue each Standard Value f 10% 
new lot of 
mtravcr 5 ampul# 

D a e m e  <10 mg/l 

Callfrate 0 0  ms/l 

zero 0 m s  
Instrument 
Check Standard 2 2 FTus 
Solution 

' Instruments that wdl be uthzed to measure temperature stnsit~~e meters H, sptafic 
conductance, and D 0 ) wdl also rcqwe wcelcly dbrabon or standardnabon d tr cy are utllK3tomcasure 
temperature to adjust the assoaated temperature sensit~ve parameter value 

Some of these lnstruments may allow for actual field caliirabon w€ule others WIU not be capable of 
tem rature ad ustment and may therefore only be standardued Instruments whch allow for actual field 
ahgabon WIII be dbrated weekly Instruments that do not allow for dbrauon WIU be standar- If 
the standardnabon 1s outslde the acceptance bits,  the lnstnrment should be returned to the manufacturer 
for marntenance and repau 

pnor to measurement of the c%mcally trtated sample 
A chcrmcally untreated rtion of the sample mll be used as a blank to cstabhsh a zero level for the parameter 

Follow manufacturer's recommendations for standardmq the reagent lots, to be utilaed for field measurements 

(401 1-91[Ulllt-PaD)(GWSREVl)(~/UZ/92) 



FIELD MEASUREMENT OF GROUNDWATER FIELD PARAMETERS 

EG&G ROCJCY FLATS PLANT Manual. 5-21000-0Ps 
EMD MANUAL OPERATION SOP Procedure No.: GWS, Rev. 2 

page 7 of 21 
Effectw Date: March 1,1992 

Category 2 Organization: Environmental Management 

5 1  TEMPERATURE 

Ternpetahye measurements wdl be made with a hgh quahty mercury-filled thermometer or t h m s t o r  

havmg an analog or distal readout device that has been s- by compu1son with a 

thermometer calibrated a g m t  a Nahonal hst~tute of Standards and Techtrology (NIsr) calibrated 

thermometer Smce the temperahlre on the HACH pH meter is capable of bemg d b r a t e d  by field 

personnel, mtead of only standardid, the pH meter will be ut~hzed to d e t e r n e  water temperatures 

m the field unless a standardid mercury thermometer is used All temperahrre merrsunng devices 

wlll be scaled to mdicate degrees Celsius m mcrements of 1°C or less as appropnate to meet data 

quality objechves Glass 

thermometers wdl be transported m a protective case to prevent breakage Field thermometers wdl 

also be enclosed m an armored casmg to prevent breakage 

'Ihermometers will be the T e f l o n @ d  safety type of thermometer 

Temperature measurements made for the purpose of providmg adjustment factors for other field 

parameters wlll be conducted srmultanbously with those related measurements Volumes and methods 

of collection wdl be deterrmned by the procedural rcqwmcnts of the pnmvy field mtpsurtmeIlt 

taken Thermometers or themustors used m the field wdl be standardized at least weekly a g w t  an 

NIST traceable thermometer 'fhls standardmtion will be vmfied weekly. Venficahon will consist 

of comparing the temperature measured with the field instrument q m t  an NIST traceable 

fhermometer If the m a l t  of d b r a h o n  venficahon shows a vu~ance of more than 1 0 degrees 

Celsius, the thermometer or themstor wdl be taken out of m i c e  Tbeimometers and thcxm~stors 

that cannot be calibrated witiun the vanance cntena will be replaced 

(401 1 9aO4112-920)(GW'SREVZ)(U3/02/92) 
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5.1 1 Temperature Measurement by Thermometer 

The followmg p d u r e  wdl be used when collcctmg tempennve mersuremcnts usmg a thermometer 

0 Samplrng pnr~nnel wdl W ~ P T  chemd-mistant gloves, Whch will be disposed 

between sites, when perfomg field temperature measurements The Site Health 

and Safety Plan wdl be followed at all tunes 

0 A mercury-filled stan- thennometer wdl be used 

0 Standard= the thermometer at least weekly to the cntena specified rn Table GW 5- 

1 

thermometer so that the acceptance cntena presented m Table GW 5-1 arc met 

If the acceptance critena specified m Table GW 5-1 are not met, replace the 

0 The thermometer wdl be lnspectcd before each field tnp to ensure that there are 

neither cracks m the glass nor sur spaces or bubbles m the mercury 

0 A portion of well water wdl be t ransfed  to a beaker previously nnsed with 

distded water The thermometer WLU be 1III1crt.d mto the sample collccbon 

contuner, and the sample m the contuner wdl be swrrled The temperature d m g  

wdl be taken when the mercury column s t a b h  

0 The tempaturc measurement wdl be recorded to the n m  0 5°C 

0 The thermometer wdl be dacontamlnatrrl m rccordance with SOP FO 3, General 

Equipment Dcmntammatm 

(401 1-92041 12.970)(GWSREV2)(03/02/92) 
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0 Lqutds and matends from dccontammation opcrahons wlll be handled KI accordance 

with SOP FO 7, Handlmg of Decontrrrmn&on Water and Wash Water 

5.1.2 Temperature Mepsurement by HACH ONE pH  Meter 

0 Samphg ~ ~ ~ O I U J C ~  will wcw Chermcrl-~istant gloves, Whch WIU be d i w d  

between sites, when performmg field temperature messurcments 

and Safety Plan will be followed at all hmcs. 

The S~te Health 

0 Standardlze the probe at least weekly to the cntena specified KI Table GW 5-1 If 
the acceptance cntena specified m Table GW5-1 are not met, cahbrate the 

mstrument following the manufacturer’s rnstruchons 80 that the acceptance cntena 

presented KI Table GW 5-1 arc met 

0 A porhon of well water wlll be transferred to a beaker previously nnsed with 

distdled water The probe wdl be mertad loto the sample collcchon contamer, and 

the sample rn the contamer wlll be swlrled The d r n g  wIU be taken 

when the digltd readout s t a b i h  

0 The temperature wlll be recorded on the field logsheet to the nearest f 0 1°C 

0 The probe wIU be dacontarmnated 111 accordllllce with SOP FO 3, G e n d  Equipment 

DeCOntamlnatlon 

0 Lquids and matends from decontirmnation O ~ C T ~ ~ O M  wlll be handled UI accordance 

with SOP FO 7 ,  Handlmg of hntarmnation Water and Wash Water 
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5.2 DISSOLVED OXYGEN (D.0.) - SPECTROPHOTOMETER 

l h s  procedure describes the mtasuftmMt of D 0 usmg the mgh Range D 0 AccuVac Ampul and 

measurrng the color change m a spectrophotometer at 535 nm Tbe hgh range D 0 AccuVac Ampul 

contam a reagent vacuum scaled m a 12-ml ampul When the ampul is broken open m a sample 

contauung D 0 , it forms a yellow color whch then turns purple The method is apphuble to D 0 

measurements up to 13 0 mg/l O2 The followmg method will be used to measure D 0 conccntrabons 

m groundwater when usmg the HAC" DRUKK) Spectrophotometer 

0 Press "445" and then "READENTER" to enter the stored program number for D 0 

When the display shows "DIAL nm to 535," rotate the wave length dial untd the 

display shows "535 nm " 

0 b s  the "READENTER" key The display wdl show "mg/lO, HRDO " 

0 Fill a blank zeromg vial with at least 10 ml of sample, and fill a blue ampul cap with 

sample 

0 Pnor to collection of the -le water for D 0 musurement, the sample beaker 

shall be nnscd with &stdad water Fdl a hgh-range D 0 AccuVac Ampul with 

sample by holdmg the ampul with the pomted bp down m a beaker contamng 50 to 

100 ml of sample and brralung the bp of the rmpul with your gloved finger Be 
sure to keep the bp of the q u l  mmcrscd m the water at all tmes whde the ampul 

fills completely 

0 Immediately after fillmg and without mvertmg the ampul, securely place the blue 

ampul cap that has been filled with the sample over the bp of the AccuVac ampul, 

(401 1-9200112.9p)(GWSREV3)(U3/02/92) 
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and shake the ampul for rpproxlmately 30 seconds Secunng the cap i s  important 

m order to prevent contammataon with atmosphenc oxygen If the seal betwbea the 

ampul and cap i s  breached, d i d  the ampul and start agam 

0 Press the "SHIFT" and then the "TIMER" keys A two-mmute reaction p o d  will 

begn 111 whch oxygen, whch was degassed dunng aspmbon, i s  allowed to 

redissolve and react Wipe the outside of the ampul with a paper towel to clean off 

finger pmts and any hquld present, and then place the sample ampul mto the 

AccuVac vial adapter Place the vial adapter contammg the sample mto the cell 

holder The gnp tab on the vial adapter i s  placed to the rear of the cell holder 

0 When the timer beeps and the display shows "mg/lO, HRDO," remove the adapter 

ampul 

from the cell holder and shake the ampul for 30 seconds by contmumg to mvert the 

0 Place the blank IXI the cell holder and close the hd 

0 Press 'zero" and the display wdl show "wat' then ' 0  Omg/L O2 HRDO " 

a Remove the blank and place the AccuVac vial adapter contauung the sllllple mto the 

cell holder with the gnp tab on the vial adapter to the rear of the cell holder 

0 Close the hd, and after wrutmg approxunately 30 seconds for the rut bubbles to 

lspnse from the hght path, press the "READlENTER" key 

0 Record the displayed result as mgll of D 0 
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5 3  p H  

l h s  procedure describes the method to be utdmd to measuzc p H  m the field usmg a HACH ONE 

(model 43800-00) p H  meter If an rnstNment other than the HACH ONE p H  meter is  used, the 

manufacturer’s lnstnrchons wdl be followed for cahbrahon and use All p H  meters wed for field 

measurements will be temperature compcnsatlng 

Measurements m the field will be performed m the followmg manner 

0 Meters will be d b r a t e d  M y  pnor to the start of field achvihes followmg the 

manufacturer’s mstrucbons 

buffers of p H  7 and p H  4 

The automatic calibration mode wdl be used with 

0 Before each field activity, the meter wdl be checked for cracked or fouled electrodes 

and battery condition m accordance with the manufacturer’s recommendabons 

0 Calibrabon will be venfied Immediately before the p H  mersurement i s  taka 

Venfiubon wrll consist of recordmg the instrument d m g  of a p H  7 standard 

ooluhon 

0 The pmbe and sample beaker wdl be thoroughly nnsed with distrlled water and the 

exccss water removed 

0 The probe wdl be p l d  mto the beaker contammg 100 ml of sample, the dispenser 

button pressd, and the electrode swlrltd at a constant rate untd the meter d m g  
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s t a b h  The stunng rate should be mau~tmncd 80 as to mllllrnla the surface 

dlsturballce of the Sample 

0 The pH wdl be read and recorded to the nunst  f 0 01 pH untt 

0 The probe WIII be d thoroughly with distdled water and stored rn accordance 

with the manufacturer’s recommendations 

0 Samplrng tools, snstruments, and eqrupment wdl be pmtectod from s o w  of 

contanunatlon before usc and wdl be decontamln.tcd after use as specified m SOP 

FO 3, Gmeral Eqmpment Decontanunatlon 

0 Calibration will be venficd at the end of each work day Venficatlon will consist 

of m r d l n g  the rnstrumcnt &g of a pH 7 standard solubon If the mstiument 

r d m g  vanes from the standard by mort than f 2 pH uruts, the lnstnrment wlll 

be checked for a malfunchon If the vanmce conhues for two consecutive days, 

the frequency of calibrnbon of that instrument wdl be mcnesod Wbmtion will 

then be performed pnor to usc at each site 

5 4 SPECIFIC CONDUCTANCE 

Conductance i s  the reciprocal of resistance, and, therefore, i s  often reportad rn uruta of reciprocal 

ohms or mhos The rntcmat~onal system of un~ts, the eiemen (S), wdl be usad to report conduchvity 

for h s  program Most waters have a specific conductance much leas than 1 sicmen, therefore, data 
will be reported m mcrosiemcns (pS)lcm Muwnments should be made pnor to conductrng the pH 
measurement sequence 
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l b s  procedure describes the method to be utllrzad to musure specific conductance m the field usmg 

a HACH ConduchvitylTDS Meter (model 44600) If UI lastrument other than the HACH meter i s  

used, the manufacturer’s mstruct~ons wdl be followed for cdhrat~on and usc All conduchvity meters 

used for field measurements wrll be temperature co-g ’ I h s  will allow for the recordmg of 

specific conductance measuremmts d m t l y  from the meter All conduchvities wdl also have 

adjustable rcadmgs whch wdl allow for accurate cabbration to a known standard 

The followmg method wdl be used to measure specific conductance m the field usmg the HACH 

conductivity meter 

e The meter wdl be calibrated at the start of each day pnor to any field activihes 

Calibration wlll be performed accordmg to manufacturer’s mstruchons and the 

guidance gven m Table GW 5-1 All three lnstrumcnt ranges wdl be cahbrated with 

one standard solution A solutJon of 1 99 d / c m  NaCl is preferred 

e Before each field achvity, the meter wdl be checked for h g e  to the probe and for 

weak batteries m accordance with manufacturer’s recommendations 

0 Tbe pmbe and sample beaker wrll be thomugbly nnsed with drstdled water, md 

excess water wdl be removed 

e The probe wdl be lmmersad m the sample to a depth of at least 1 mch below the 

surface of the sample ‘Ihe probe wdl be agtated v c r t ~ d y  to dislodge my trapped 

ur bubbles and to allow the meter rcadtng to stabdm 

(411-92041 12-920)(GwsRw2)(cO/~/92) 
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0 The temperature and the temperatummpcnsatcd conductance readrng wlll be 

recorded on the field form 

0 "he probe wlll be thoroughly nnsed with dishlled water after use 

0 Samphg tools, mstruments, and equipment will be protected from 8ources of 

conhumahon before use and wlll be decontarmnattd after use IS specified m SOP 
FO 3, General Equipment Decontarmnahon 

0 Calibration wlll be venfied at the end of  each day Venfication will consist of 

rccordmg the mtrument readlng of a standard solution If the instrument nadmg 

vanes by more than 10 percent of the standard, the instrument will be checked for 

malfunction If the vmancc contmues for two consecutive days, the cabbration 

frequency for that mtrument wlll be lncrcascd Calibrahon wdl then be performed 

pnor to each samplmg event 

5 5 TOTAL ALKALINITY- ORION TOTAL ALKALINITY TEST KIT 

"Ius section describes the procedure that wlll be utllrzed to mewre total allrnllnlty m the field usmg 

ID ORION Total Alkahty Test f i t  and HACH ONE The ORION test h t  mcludes a w e n t  

composed of several acids and a conversion wheel Aftcr the pH of  a soluhon is recorded, the reagent 

is added to the soluhon, and the pH is recorded agam Usmg the conversion wheel, the pH difference 

is convertad to total allrilmlty as ppm CaCO, The procedure for dctcrmmmg total allralmty is  as 

follows 

0 Samphg pers~nnel will wear chemd-resistant gloves, wbch will be disposed 

between sites, when performmg total nltnllnlty measurements 

(401 1-92001 1~20)(t,WsRcvZ)(rn/02/92) 
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The pH meter will be cabbrated as descnbcd m Subsechon 5 3 Dunng the d d y  

cahbmhon of the pH meter, venficahon of proper dk.llnrty musuremmt wdl be 

performed followrag manufacturcr*s instructions If the venficahon musurement 

vanes by more than 10 percent, the reagent and standard wlll be replaced 

At the appropnate porat dunng a samplmg event, transfer 100 ml of sample mto a 

clean beaker 

Measure and record the pH of the sample usmg the HACH ONE pH meter as 

described 111 Subsection 5 3 

Dispense 10 ml of Total Alkalmty Reagent mto the sample and stu well usrag the 

pH probe 

Measure and record the resultmg pH of the sample as dwcnbcd m Subsechon 5 3 

Usrng the gray side of the Total A l k a h t y  Conversion Wheel, find the d t m g  pH 

value and m r d  the total alkahuty of the sample 

If the llknllnlty 1s off d e ,  the meruurement wlllbe xepukd UBlug. fresh sample 

The sample and reagent volume wlll be Sajusted rrccordmg to the mmufacturer’s 

lnstruct1ons 

(401 14xM11~20)(Gw5Rev2)(03/02/92) 

Upon completion of all lllrnilnlty measurements, the probe wlll be thoroughly nnscd 

with distdlcd water after use 
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0 Samphg tools, mtruments, and equpment wlll be protected from sources of 

contarmnatlon before use and wdl be decontuxunntcd after u8e IS specified m SOP 
PO 3,  General Eqlupment Decontrrrmnation 

5.6 NlTRA"E/NITRITE AS N -CADMIUM REDUCTION SPECTROPHOTOMETRIC METHOD 
- 

l h s  procedure describes the measurement of rutraWmtnte mtrogen usmg the HACH DRUW)O 

Spectrophotometer and HACH AccuVac Ampuls The method is a cadmum rcductlon method m whch 

cadmum metal reduces rutrates present m the sample to rutnte The mtnte ion reacts m an acidic 

medium with sulfamlic acid to form an mtermediate d w m u m  salt whch couples to gentisic acid to 

form an amber-colored product wbch is measured with the sptctrophotomcter at 500 nanometers 

Nitmtdrutnte mtrogen from 0 to 30 mg/l may be m d  with h s  method Tests with standard 

solutions and a smgle operator have yielded a standard deviation of f 1 0 mgh rutraWrutnte mtrogen 

The procedure for measuring rutratehtnte as N usmg HACH AwuVac Ampuls IS as follows 

0 Press "360" and the "READENTER" key to enter the stored program number for 

hgh range rutrate mtrogen Accuvac Ampuls 

0 When the display b o w s  "Dud IUD to 500," rotate the wave length did  unhl the 

display reads "500 mn " 

0 After the display reads "mgA N N Q  H AV," collect at least 40 ml of sample m a 

beaker and fill a NitraVer 5 Nitrate AccuVac Ampul with the sample Fdl the ampul 
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by holdmg the ampul with the pomtcd trp down mto the water sample m the beaker 

and brealung the hp of the ampul agarnst the bottom of the beaker Keep the hp 

U M l e r S e d  until the ampul fills completely 

0 Immediately pnss the "Sw;T" and then the "TIMER" keys 

the ampul n p t c d l y  to mur the sample, untll the tuner beeps 

"hs b e p  a 

one-minute mumg penod After prcssmg the " S m  and "TIMER" keys, mvert 

e When the hmer beeps, press the "SHIFT" and then the "TIMER" keys. l b s  begum 

a five-mute reaction penod Dunng t h ~ s  reaction penod, wipe off hquid or 

fingerprints on the ampul, place the ampul mto the AccuVac Vial Adapter, and place 

the adapter contammg the sample ampul mto the cell holder 

0 Fill a blank zerorng vial, previously nnscd with distdled water, with at least 10 ml 

of sample 

e When the tuner beeps and the display shows "mg/l N N0,H AV," remove the 

sample and place the blank vial mto the cell holder 

e Close the hd and press the "CLEAWZERO" key. The display wdl show "Wut" and 

then "0 0 mgfl N NO,H AV " 

0 Remove the blank vial, place the AccuVac vial adapter contmmng the sample mto 

I the cell holder with the gnp tab posihoned at the rear of the cell holder and close the 

lid 

0 Press the "READENTER" key and record the result displayed as mgfl of 

mtratdmtntc as mtrogen 

(401 1-97&011?.-9~)(GWSREV2)(03/02/92) 
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0 A reagent blank value must be detennrned on each new lot of Nitraver 5 Ampuls 

To d e t e r n e  the reagent blank value, repeat the mfssurtlllcllt procedure by 

eubshtuhng disUed water as the nample Repeat the muLsurtmmt for 3 rmpuls 

from the lot and take the average of the thra values as the reageat blank value Use 

tlus value as the r a g a t  blank value for dl m W m t n t e  mwmremcnts performed 

with tlus lot of Nitraver 5 Ampuls 

0 Subtract the value of the reagent blank from the recorded vdue to ob- the actual 

(corrected) mtratehtnte-mtrogen cunccntration m mg8, and rtcord 

TURBIDITY 

"Ius procedure describes the measurement of turbidity usmg the HACH DRUX)O Spectrophotometer 

absorptometnc method ?be turbidity test measures an o p t d  property of the water aample whch 

results from the scattering and absorbmg of hght by the particulate matter present 'Ihe amount of 

turbidity rc@m-cd IS dependent on such vanables as the sue, shape, and refractwe propcrbes of the 

particles "Ius procedure is calibrated usmg formaun turbidity standards, and the ladmgs rue m 
terms of formaim turbidity umts @TU) 

0 Enter the stored program number for turbidity, preu "750 Rcad/Enter " The display 

wdl show "hal nm to 450 " 

Rotate the wave length dial until the small display shows "450 nm " 

0 Press "Rcad/Enicr " The display wllI show "FTU Turbidity " 

(401 1-52041 12-9m) (GWsREv.2)(03/02/92) 
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e Pour 25 ml of d e i o d  water @Id) mto a sample cell 

e Place the b l d  mto the cell holder and close the hght sheld 

e Press "m" and the display wdl show "wmt" and then "0 FTU Turbidity " 

e Aptate the sample designated for turbidity mtssurement so that all sediments arc 

suspended Pour 25 ml of the sample mto another clean sample cell, place mto the 

cell holder and close the hght sheld 

e Press 'Read/Enter" and the display wrll show "wmt" and then the d t  m FTUs 
wdl be displayed 

5.7 1 Accuracy Cheek. Standard Solubon Method 

The stored program has been calibrated usmg a rmlky whrte suspension of a polymer ded formavn 

The turbidity of  thts stock soluhon is 400 I;Tu and it should be preppred monthly Standard formam 

solutions for chackmg the spectrophotometer accuracy can be prepared as follows 

e bssolve-1 Ooo grun of hydrame sulfate m d e i o d  water and Mute to 100-ml 

volumetnc flask 

e hssolve 10 00 grams of hexamethylenetettarmne m deionrzed water and ddute to 

100-ml volumetric flask 

e Mur 5 0 ml of each solution m 8 100-ml volumetnc flask and allow to stand 

undisturbed for 24 hours at 25" f 3°C 

(401 l-paDollW)(C~'SREV.Z)(U3/U2/92) 
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0 DIIU~C to the 100-ml mptk a d  IIIIX 

6.0 DOCUMENTATION 

All records of field mcrrsuremarts wlll be rscorded on the appropnatc forms contained m SOP GW 6, 

Groundwater Samphg 

All lllstrument dbrationlstandardmtion activitm wlll be recorded on a dbr&on/st.ndPrduation 

logsheet or m a bound field notebook specific to each instrument Records wlll be mantamed m a 

locked fillng cabmet and wlll be reviewed periodically by the project QMQC officer 
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PURPOSE AND SCOPE 

Tzlls standard operatmg procedure (SOP) descnbcs procedures that wdl be used at the Rocky Flats 

Plant (RFP) to sample groundwater from momtonng wells All momtonng wells currently sampled 

on a quarterly bass and all new wells whch wdl be mstalled 111 1991-1992 wdl be sampled followmg 

these procedures 
I 

This SOP describes equipment decontammation and transport, site preparabon, detechon and 

samplmg of mmiscible layers, water level measurements, well purpg, sample collechon, field and 

analpcal parameters, quahty assurance/quahty control (QA/QC) reqwements, and documentabon 

that wdl be used for field data collechon 

RESPONSIBILITIES AND QUALIFICATIONS 

All personnel perfommg these procedures are requrred to have 40-hour OSHA classroom trammg 

whch meets Department of Labor regulation 29 CFR 1910 120(e)(3)(1) In addmon, all personnel 

are requred to have a complete understandmg of the procedures descnbed wthm th~s SOP and 

receive speclfic t r w g  regardmg these procedures d necessary 

REFERENCES 

SOURCE REFERENCES 

The followmg 1s a kt of references remewed prior to the wntmg of this procedure 

A(& r 1 n e o EPA/W/P-87/001 1987 

ma Oual~tv Obi ectives for Remelal Activities. Develoument Process EPA/540/G-87/003 1987 

(401 1 92041 11pxI)( GW6REV2)(03/01/92) 
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Enmeerne SuDDo rt Branch Standard Opera- Procedur es and 0 ualltv Assuranc eManu4 EPA 

Regon IV Enwonmental Semce Divlsion 1986 

RCRA Ground Water Momtonne Techmcal Enforcement G r n & p ~  Docume nb OSWER-99501 

September 1986 

Test Methods for Evaluatme Solid Waste, SW-846 Volume II Field Methods Second EdJtion 

EPA 1982 

User’s Guide to the Contract Laboratorv Promam EPA December 1988 

4.2 INTERNAL REFERENCES 

Related SOPS cross-referenced by this SOP are as follows 

SOP FO 3, General Eqwpment Decontammabon 

SOP F05, Handllng of Purge and Development Water 

SOP FO 7, Handltng of Decontammation Water and Wuh Water 

SOP FO 11, Field Commmcations 

SOP FO 12, Decontarmnahon F a d t y  Operahons 

SOP FO 13, Contamerung, Presemng, Handl~ng, and Shppmg of Sod and Water 

Samples 

SOP FO 14, Field Data Management 

SOP GW 1, Water Level Measurements 111 Wells and Piezometers 

SOP GW 2, Well Development 

SOP GW 5, Field Measurement of Groundwater Field Parameters 

(4011 9xM111920)(GW6REV2)(U3/01/92) 
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5 0 GROUNDWATER SAMPLING PROCEDURES 

5.1 INTRODUCTION 

All of the alluvral momtonng wells lnstalled on RFP property 1111986 and 1987 were constructed 

of either 2-mch s t d e s s  steel or Cmch flush threaded PVC Momtonng wells mstalled prior to 

1986 were constructed m d y  of 6-mch PVC Lmited well construchon detads are a d a b l e  for the 

pre-1986 wells at RFP Bedrock wells (post-1985) completed UI the weathered zone were budt wth 

4-mch flush threaded PVC Bedrock wells (post-1985) completed m the unweathered zone were 

constructed of 2-mch s t d e s s  steel or 2-mch flush threaded PVC The screened m t e d  of all post- 

1985 alluvlal momtormg wells extends from approxunately 0 5  foot below the alluvral/bedrock 

contact to a depth above the estunated w e s t  seasonal water level The screened mterval of post- 

1985 bedrock momtomg wells 1s resmcted to solated sandstone lenses Momtormg wells lnstalled 

m 1989 were deep bedrock wells and have a 1-foot sump added to the base of the screen 

Procedures for groundwater samphg are deslgned to obtam a sample that IS representative of the 

formation water beneath the site m quesbon Smce an estrmate of the quahty of formahon water 

IS desued, standmg water wthm the well must be purged before sampllng Also, a measure of the 

static water elevabons is lmportant to determme If horizontal and vert~cal flow gradents change 

durmg site charactemahon acbmbes 

The groundwater samphg procedures can be mbated after talung the reqwed water level 

measurements (SOP GW 1, Water Level Measurements m Wells and Piezometers) and purgmg the 

well m accordance wth h i  SOP Methods for accompllslllng each of these actmhes are mcluded 

m ths  SOP m the followmg sequence 

0 Collecuon of unmsable layers samples, d present 
0 Well pufgmg 

(401 1 9M-01 l3-9ZO)(CWciRN2)(03/01/92) 
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0 Groundwater samphg usmg a bader 

Groundwater samphg usmg a penstalhc pump 

Groundwater sampllng wtb a gas-powered plston pump 

0 

0 

5.2 GENERAL EQUIPMENT REQUIREMENTS 

Downhole sampllng eqmpment Hnll be constructed of mert matenal such as polytetrafluoroethylene 

(Teflon*) or s t d e s s  steel T~IS  equlpment w d  be assessed on an mchdual basls pnor to use m 

the field 

The followmg IS a prunary ht of well samplrng and associated eqwpment 

0 Baders - Teflon', s t d e s s  steel, or other appropnate mert matends 

0 Teflon* coated s t d e s s  steel leaders 

0 Pemtaltic pumps 

0 Water level measmg de1 xes - sufficiently a 

nearest 001 foot 

0 Plashc sheetrng 

0 Dlstdled water 

0 Phosphate-free laboratory grade detergent 

0 Tap water 

(401 1 ~mOll~9aO)(GW6~Z)(Cn/O1/92) 
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0 Orgamc vapor detector (OVD) 

0 Gloves - latex or m y 1  

0 Calculator 

0 Contamers precleaned to EPA speclfcatrons 

0 Coolers wth suffiaent blue ice to cool samples to 4°C 

0 Preservatwes (trace metals grade) 

0 Dlsposable m - b e  0 45-micrometer filters 

0 Logbooks and field forms 

0 HACH portable laboratory eqwpment for measuring field parameters for pH, 

temperature, speclfic conductance, &solved oxygen, total a l k h t y ,  and mtrate 

Additional eqmpment needed to meet the subcontractor’s health and safety standards, personnel 

md equlpment decontammabon, and any s p a a b e d  sampllng eqwpment wdl also be requved 

53 EQUIPMENT DECONTAMINATION AND TRANSPORTATION 

Gmdelmes presented m SOP F03, General Eqwpment Decontarmnatron, d be followed for 

decontammatmg eqmpment mvolved m groundwater samphg operahons Eqwpment associated 

wtb the tasks mvolved m groundwater samphag wdl be decontammated upon amval at RFP pnor 

to use in the field At a m m u m ,  all samplrng eqmpment wdl also be decontammated behveen 

(401 192041 IMZO)(GW~REVZ)(~/O~ /92) 
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sample locations If field conhtions reque more frequent decontarnmahon, the frequency 4 be 

mcreased appropnately 

Transportahon of all equpment wlll be performed UI a manner that elunmates any possibhty of 

source or cross-contammahon Cahbration fltllds, fuel, decontammation, and all other sources of 

contammation wdl be segregated from samplrng equipment durrng transport Purge water bemg 

transported to boldmg areas wdl be kept m closed contamers 

If the decontammahon of downbole equpment 1s not performed at the well, used downhole 

equipment wdl be wrapped m plastic sheetrng and/or segregated from clean equpment to elunmate 

the possibhty of cross contammation 

53 1 Routme Field Decontamination 

Decontammation of dehcate equpment and the routme decontammahon of samphg equpment 

prior to use at each well wdl consst of the followq steps 

0 The eqtllpment wd be vigorously hand scrubbed wth a calutron of a phosphate- 

i %ee laboratory grade detergent and b a e d  water 

e Ruse wth copious amounts of bstllled water by submergmg or spraymg 

e The equlpment wdl then be tnple rinsed thoroughly w~tb approved &Ned water 

0 If the decontammated eqtllpment wd not mmectately be packaged to ehmate  

irny adhesion of au-borne rmpunhes, an adcthonal final rinse should be performed 

unmectately pnor to actual samphg operations 

(401 1 920011~920)(GW6RM~)(~/01/92) 
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532 Decontamination of Sampling Pumps 

The external surfaces of all non-dedmted pumplng cqulpment wdl be dtcontamrnated as desmbed 

m Subsection 5 3 1 Internal surfaces d be decontammated as follows 

Pump a soluhon of a phosphate-free laboratory grade detergent and water through 

the eqmpment 

0 Dlsplace the soap solut~on unmecbately by pumplng approved distdled water, 

eqwvalent to 3 volumes of the pump storage capaaty through the eqmpment 

0 If any detergent solution r e m u  rn the pump, contmue pumpmg dutdled water 

through the system untd the detergent 1s no longer Msibly present Sudsmg wll 

be the common mdicator used to determme mcomplete msmg 

5 3 3  Unusual Decontamination Requirements 

When equpment becomes grossly contammated, routme decontammahon of sampkng eqmpment 

IS not considered sufficient and thus IS not allowed TLus situahon and other unusual eqrupment 

decontammation problems shall be reported to the field site supemor The field site supemor 

vnll then consult wth EG&G representabves for proper decontarmnahon procedures 

(4011 920-01 13-9X))(GW6KEN.2)(03/01/92) 
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53 4 

5 4  

Disposibon of Decontammabon Water 

All water generated dumg the decontammahon of eqwpment used m contammated wells wdl be 

contamerlzed for transport and &charged at the decontammahon pad enwonmental Lquds holdmg 

area Refer to SOP FO 7, Handl~ng of Decontammabon Water and Wash Water for the mtena 

to identdy clean and dnty enwonmental hqmds All decon water Hrlll be contamenzed I 
SITE PREPARATION 

Sheet plastic or my1 sheets whch may be decontammated wdl be used to protect clean eqmpment I 
from contactmg contammated surfaces Plashc or m y 1  wrapped around the well protective casmg 

and staked on the ground where rope or samphg tools are placed ehmates a substanhal amount 

of possible source contammation Pickup tadgates, d used as a work area, may also be wrapped 

m plastic, or my1 sheets, and this plashc or m y 1  wdl be changed or decontammated at each well I 
Plastic bags and sheetmg along wth the segregahon of clean and dnty eqwpment wdl be used to 

reduce the chances of cross contammahon signtficantly If a mechmcal batler retneval system IS 

used the amount of plasbc appropnate for protechon of samphg equpment may be lessened The 

site supemsor wdl have the responsibhty for determmg the amount of plashc sheetmg requued 

Disposable latex or my1 gloves wdl be used at all tunes when handhng samplrng eqwpment Gloves 

wdl be changed between each site and as often as necessary to ensure the mtegrity of clean 

sampling eqmpment 

(401 1 9MOl lrPm)(GWc,REv2)(m/O1/92) 
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55 COLLECTION OF IMMISCIBLE LAYER SAMPLES 

When spedied m the Field Samplq Plan (FSP) and/or the well to be sampled contams mmlscible 

layers, the mmlsable phases must be collected before purgmg amwhes begm The appropriate 

method for detectmg these layers 1s &cussed m SOP GW 1, Water Level Measurements m Wells 

and Piezometers The method of choice for allectmg llght phase mmisables ls a bottom valve 

bder or perlstaltic pump Dense non-aqueous phase hquds (DNAF'L) or "smkers" wdl be collected 

wth a bottom double check valve bder  or penstaltic pump 

In all cases, care must be taken to carefully lower the bder  mto the well so that wtahon of the 

lmmisable layer 1s mmmal Any bader used to collect mrmsable layers wdl be delcated to the 

well whch 1s sampled Pemtalhc pumps wdl be eqlupped entvely wth shceous tubmg when 

samphg lmmisable layers Delcated equpment used for collectxng mmlsable layers wdl be 

decontammated prior and after use as desmbed m Subsection 53 of thu SOP Immlscible layer 

samphg wdl be performed as follows 

0 Delcated baders wdl be removed from the well and deantammated as speclfied 

m Subsemon 5 3  of thu SOP 
decontammated prior to use 

Dedrcated pump tubmg zf used wdl also be. 

e For hght non-aqueous phase kquds (LNAPLs), the bder  mtake or samphg port I 
wdl be carefully lowered to the mdpomt of the lmmlsable layer and allowed to 

fill whde it 1s bemg held at this level The bder  must be lowered mto the 

mumsable layer slowly so that m a l  wtahon of the -able layer occurs 

Perlstalhc pump mtakes wdl also be lowered to the midpolnt of the mmlsclble 

layer 

B 
4 
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0 If a DNAPL layer IS bemg sampled, either the double check valve bader or 

penstalhc pump may be used The b d e r  wdl be lowered rnto the well untd 

bottom IS encountered Penstalhc pump mtakes wdl also be lowered to the well 

bottom Care must be taken not to submerge the pump mtake mto accumulated 

sedments 

0 At no tune should the b d e r  or b e  be allowed to touch the ground or come UI 

contact wth other physical objects that mrght rntroduce contarmnants mto the well 

0 Immedrately after samphg IS completed, all eqwpment wdl be decontammated 

Dedrcated baders wdl be suspended m the well from the well cap The b d e r  wdl 

be suspended above the hgh water level Sd~ceous tubmg used wth peristaltic 

pumps wdl be &carded 

5 6 WELL PURGING 

Purging stagnant water from a well IS reqwed so that the collected sample IS representatwe of the 

formahon groundwater The devlce used (bader or pump) depends upon aqufer properhes, 

rnhvldual well construchon, and data quahty objec~ves Wells whch contam lmmlscible layers wdl 

not be purged A n y  well scheduled for pur= and samptng that subsequently has mmlsable 

layers identified must be reported to EG&G The EG&G project manager wdl be notrfed 

mmehately pnor to contmued actsvlhcs 

Before obtamng water level elevahons or nubatton of purge aavlty, 0bta.m the followmg 

mformahon m reference to the well to be sampled 

3 
f 

0 Well loahon 

e Diameter(s) of well 

(401 1 9~11~9m)(GWaRNZ)(o3/01/92) 
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0 Depth of well 

0 Screen mterval(s) 

0 Information on enwonmental matenal disposal methods (I e., acceptable drsposal 

methods, sites, and receptors) 

Record the well number site, date, samphg team members, mitors, well conhhon, and any other 

pertment mformabon on the field logsheet, or rn the field logbook 

The data collected durrng mtrument ahbration wdl be recorded on the sample collecbon form or 

appropriate ahbration log m order to document that the d b r a b o n  was performed m a sahsfactory 

manner Instruments wdJ be ahbrated as descnbed ID SOP GW 5, Measurement of Groundwater 

Field Parameters 

Water level measurements wdl be collected as spedied m SOP GW 1, Water Level Measurements 

ID Wells and Piezometers Measure the depth to the top of the water column and the total depth 

of the well m order to determrne the he& of the water column ID the well Calculate the well 

casmg volume usmg the well casmg m e r  dmneter and the height of the water column III the well 

The formula for calculatmg the volume m gallons of water rn the well casmg is as follows 

I 

(0 I%) 7 481 = gallons, where Q = 3 142 
r = lnsrde r a d u  of the well pipe m feet 
h = h e a r  feet of water m well 
7 481 = gallons per cubic foot of water 

0 Calculabons of the volume of water m typical well casmgs may be done as follows 

a 2" &meter well 

0 16 gal /ft x - (hear  ft of water) = gallons of water 

(4011 920-01 13-9m)(GW6RFb'2)(03/01/92) 
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b 4" hameter well 

0 65 gal /ft x - (hear ft of water) = gallons of water 

C 6" dameter well 

15 gal /ft x - (hear ft of water) = gallons of water 

5 6.1 Purgmg Durahon 

Purgmg urlll be considered complete If any of the followmg conchhons are met 

(1) At least three caslng volumes of water are removed from the well, and the last 

three consecutwe pH, spec& conductance, and temperature measurements I 
dewate by less than 10 percent If rea- are not s t a b h d  after three volumes, 

conhue purpg untd stabhhon or untd five volumes have been removed Field 

parameter measurements shall be collected after every half casmg volume IS 

removed from the well When cas= volumes are less that 1 hter, parameter 

measurements Vnll be collected after each whole casmg volume IS removed If 
readmgs do not s t a b h  after five well volumes, obtam adhbonal guidance from 

the EG&G project manager concemmg the proper course of action I 

(2) A well IS dewatered when the stabc water level requues more than thuty rmnutes 

to recover to 90 percent of its o n p a l  level For wells whch are saeened m a 

speclfic mterval below the stat~c water level, the mtena of 90 percent recovery m 

less than thuty mmutes, wdl apply only to the screened mterval plus 2 feet 

The recharge rate dunng recovery wd be calculated hearly by determug the 

amount of recharge for a mmmum of 10 mmutes Tlus wdl be accomphshed by 

foliowmg the procedures outhed m SOP GW 1, Water Level Measurements UI 

Wells and Piezometers, to determme water levels The hear  feet of water rn the 

(401 1-92001 l3-920)( CW6REv2)(173/01/92) 
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well d then be dyded either by the o~lgrnal saturated th~dmess or thescreened 

mterval plus two feet, as appropnate Ths percent of recovery IS then mdbpled 

by 3 to determme the recovery rate for 30 mmutes If the value obtamed IS less 

than 90 percent of the well's 0ng111al saturated thickness, pnor to the start of 

purging, then purgmg wdl be considered complete 

Wells that dewater (have a slow recharge rate that IS less than that spenfied m (2) above) wdl not 

be restricted by parameter s t a b h b o n  requlrements Sampllng of these wells wdl follow the 

protocol estabhshed m Subsecbon 5 8 

If a well does not dewater, and the collection method for volade orgamc compound (VOC) sample 

collection IS ddferent from the purgmg method, parameters wdl be measured from the first water 

evacuated by the new method after the collection of the VOC sample If the parameters measured 

are not w t b  the tolerances allowed, as spedied m Item (1) above, the prewously collected VOC 

samples wdl be discarded, and purgmg wth the new evacuation method d contmue und  three sets 

of readmgs are collected that mdicate s t abh t ion  of the parameters w b  the h i t s  speclfed m 

item (l), above The VOC sample wdl then be collected agam followed by the r e m m g  sample 

suite 

**r - 
5.62 Purgng Methods 

Wells wdl be purged by either b a h g  or pumpmg When purgmg a well, care d be taken to 

ensure that the rate of water wthdrawal during pur= never exceeds the rate of wthdrawal at 

whch the well was developed AU purge tunes (mhahon and complehon) and the rate of purging 

wdl be recorded on the field log sheets 

(4011 9~lI~M)(GW6REVZ)(~/Ol/92) 
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5.62 1 Bailing 

Generaked procedures for pur= a well wlth a bader are as follows 

When purgmg a well wth a bader, the site will be prepared as &cussed m 

Subsecbon 5 4  Properly decontammated equrpment wdl then be used to 

deterrmne the static water level of the well The total depth of the well wrll be 

measured Thls dormahon wdl be used to detexmme the volume of water m the 

well casmg 

A 5 foot leader of Teflon''' coated s t d e s s  steel cable wdl be attached to the 

b d e r  New rope of polypropylene or other mert matenal, d be securely tted to 

the leader The rope length should be approxunately equal to the total depth of 

the well If a mechmcal reel eqmpped wth a s t d e s s  steel cable IS used, attach 

the bader &ecf.Iy to the cable The bader wdl be slowly lowered mto the well 

untd water IS encountered Ag~tation of the well water wdl be mllllmlzed 

Lowemg the bader to the bottom of the well wdl be avoided so sedlments 

accumulated an the bottom do not become suspended For wells that dewater, the 

l!mler should not be allowed to stnke the well bottom wth force The bader will 

be r u e d  either by hand, ensunng that the rope or cable does not come m contact 

wntb any potenttally contammated surfaces The bder should be rased and 

lowered slowly to h i t  surge energy Also, the rope or cable should not be 

allowed to drag along the well caslng or agamst other objects that wdl cause 

fraymg The &charge rates and the amount of water purged wdl be momtored 

Wells wth sigruftcant levels of cootammahon may have dedxxted baders xnstalled These wells wdl 

be selected by EG&G Dedcated bader systems wdl constst of a TeflonQ bader wth check valve 

(401 1-92&0113-92O )(GW6REV2)(03/01/92) 
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or double check valve for DNAPLS and a 5-foot leader of Teflon@ coated stamless steel Bder  

sampllng attachments and rope or stamless steel reel cable vnll not be dedtcated to mdtvldual wells 

Pnor to the moation of purgmg all dedtcated equpmcnt vnll be deantammated as desmbed m 

Subsection 53 of t h  SOP Dedtcated eqwpment v d  be decontammated at the conclusion of 

samphg acbvlties and suspended from the well cap above the Ingh water table If the well mtcrval 

above the hgh water table IS not adequate to allow for storage m the casmg, dedtcated eqwpment 

d be stored m labeled and sealed plasbc bags at the eqwpment trader 

56.22 PumDing 9 
Pump designs that meet the followg critena are allowed for p u r p g  

0 The pump is constructed of a matenal that does not mtroduce a source of 

contammabon to the well 

0 The pump dnve system does not mtroduce a source of contammahon mto the well 

0 All downbole parts to the pump can be easdy decontammated 

0 A return check system that does not allow pumped water to return to the well IS 

mtegral 111 the pump design 

0 The pump IS easdy used and docs not reqwe excessive amounts of tune to mstall, 

use, remove, and decontammate 

A variety of pumps are currently 111 use to purge groundwater These mclude penstalbc pumps, 

submersible plston pumps, and memal pumps Procedures for the use of each style of pump IS 

(401 1-9mol13-PZO)(GW6RM1)(03/01/92) 
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spedic to its apphcabons User manuals, whch accompany each pump, wdl be referenced for 

opera- procedures 

Basic operatmg procedures common to all pumps are as follows 

a Regardless of the type of pump bemg uthzed, the site wdl be prepared as 

desmbed m Subsection 5 4 Properly decontammated equpment d be used to 

determme the stabc water level and total depth of the well Tlus mformabon urlll 
be u h d  to determme the volume of water m the well casmg 

a Decontamrnated pumps should be posiboned at the top of the water column As 
the water column 1s drawn down, the pump wdl be lowered an equvalent dlstance 

T b  metbod elunmates the stagnation of water above the pump For wells that 

hstorically dewater or m cases where a permanent dedcated pump has been 

mstalled, the pump may be posiboned near the bottom The &charge rates and 

the amount of water purged d be momtored dunng purgmg Pumps d be 

decontammated as soon as practical after use followrng procedures desmbed m 

Subsecbon 5 3 of ths SOP 

a Tubmg, whcb IS used for purgmg wells, that enters the well casmg sbould be 

constructed of an mert matenal Dlsposable slltcon tubmg d be used m the 

dnve mechamsm of penstaltic pumps and &carded after each well IS purged The 

au suppiy for all au dnven pumps wdl be free of od ( l e ,  no bydrocarbon 

contammg substances wdl be added to the compressor) 

(401 1 -92M)11392O)l GW6REV2)((D/01/92) 
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5.7 FIELD PARAMETERS 

SOP GW.5, Field Measurement of Groundwater Field Parameters, WLU be followed The followrng 

field parameters WID be measured dunng groundwater samplmg 

Parameter Relative Precision M u h u m  Cabbration 

PH 01 pH umts DdY 
Conductivity 10 us/cm DdY 
Temperature 1 “C Weekly 
Dlssolved Oxygen (D 0 ) 

photometnc 1 mg/l Each sample 
Total A l J r h t y  1 mg/l Each well 

unfiltered 
Nitrate as N 

photometric 1 mg/l Each sample 
Turbihty, 

photometnc (FIzr) 2 m  Each sample 

The measurmg eqmpment vnll be stored and handled rn a manner that d mamtam the m t e p t y  

of the eqmpment Speclfic procedures and requuements for dbrabon and use of measwg 

equipment are gwen m SOP GW5, Field Measurement of Groundwater Field Parameters 

Appropriate field manuals urlll accompany each mtrument 111 the field Each rnstrument wrll also 

be gwen an identdkation number All logbook and field form references to mdwdual instruments 

4 refer to thts number for ease of Identdicahon 

field parameters wdl be measured at the followrng mtervals 

0 Conductmty, pH, temperature, D 0 ,  and turbidty WLU be measured pnor to well 

purgrng This urthal bad of water d be carefully removed from the well 7 h s  

water w31 be transferred to a sample beaker by decantmg the bader through a 

bottom control valve Wells purged wth a pump WLU stmdarly have the first water 

nmovtd, and measured for parameters D 0 ullll be measured first to h i t  the 
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sample's exposure tune to the atmosphere Conductiwty, pH, and temperature d 
then be measured 

0 Dunrig purpg operabons, conductmty, pH, and temperature WIII be measured 

after every half wmg volume' of water IS removed from the well Wells that 

have half volumes less than the volume of a sample bader wdl only be measured 

after every full casmg volume of water IS removed from the well D 0 and 

turbiBty d be measured at least once d m g  we1 pur= at the dscrebon of the 

sampling crew 

0 Durmg purgmg, If a well IS dewatered pnor to the measurement of the final 

requved set of parameters, then conducbwty, pH, temperature, and turbidlty d 
be measured mmedlately before the start of sample collectron These parameters 

may be delayed untd sampling IS completed fi, at the dscretron of the sampling 

crew, the well recharge has promded lnsuffiaent water volume to collect all the 

samples and also measure parameters 

0 The final D 0 d be measured mmedlately followmg volatrle sample collecbon 

Water remamug m the bader after the fillrng of VOC wals wdl be transferred to 

a beaker usmg the bottom decanttag valve A deterrmned effort d be made to 

luntt t h ~ ~  water from ag~tabon and exposure to the atmosphere If there IS 

tnsuffiaent water m the bader to perform tlus test, water decanted from the next 

bader of water d be used to measure D 0 pnor to any sample collecbon "bs  

parameter may be delayed und samphg IS completed lf, at the dsaebon of the 

r 

* A half-volume IS defined as the volume of one-half the mhal well casmg water volume, whch wdl 
be calculated as specdied in Subsechon 5 6 

(401 1-92001 1>920)(GWaREV2)(03/01/92) 
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samplug crew, the well recbarge has prowded muffjuent water volume to collect 

ail the samples and also measure parameters 

e Whenever a method used to remove well water 1s changed, a set of field 

parameters wd be recorded from water removed wth the new method 

e Nitrate wd be measured from purge water generated at wells m the wmty of the 

West Spray Field The water tested wdl come from the first purge volume 

0 Total alkahty measurements wdl be collected only once upon complehon of 

purgmg For wells that do not dewater and sample collection proceeds to 

completion unmedlately after purgmg, alkahty wdl be measured after the 

compIetion of all other final purge field parameters Wells that dewater and 

rcqurre repeated wits for the coUechon of samples wdl have alkahty measured 

subsequent to the collection of the sample for morgmc water chemistry 

Alkahty wdl not be measured d sufficient water 1s not avadable 

5 8 GROUNDWATER SAMPLING 

T c c h q u e s  used to wthdraw groundwater samples from a well wdl be based on considerahon of 

the parameters of merest The order of collection, collecbon tedmques, choice of sample 

mntamers, preservatives, and equpment are a4 cnhcal to ensure that samples are not altered or 

contammated The preferred methods for collechon of groundwater samples are either b a h g  

and/or the use of bladder pumps 
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5 8 1 Sample Collecbon 

The followmg ducussion mvolves colle&on of groundwater samples usmg baders, and penstaltx 

or bladder pumps Regardless of the collecbon method, Care wdl be taken not to alter the chemical 

nature of the sample durrng the collection amwty by wtatmg the sample or allourlng prolonged 

contact wth the atmosphere In order to asstst m mlnrmmng the potenhal for a l t e q  the sample 

and maxunlvng the avadable water, the follovmg sample colleaon sequence is preferred 

Ralabon Screelllng 

HSL VOC 

BNA 

Pestmdes/PCB 

TDS, CL, F, SO,, CO,, HCO, 

Nitrate/Nitnte, as N 

TSS 

Gross alpha and beta 

rnIMU, "u, 
Dlssolved Metals - TAL, wth Cs, Li, Sr, Sn, Mo, Si 

Total Metals - TAL, wth Cs, LI, Sr, Sn, MO, Si 
rr9/ro Plutomum, Amenaum 

Tnhum 

"'Strontium 

-Ra&um 

'"Cesium 

Cyamde 

Orthophosphate 
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Upon complebon of purgmg, VOC samples wdl be collected first Samphg should be done as soon 

as possible after the well has been evacuated If VOCs are to be collected by a method other than 

that used for purgmg (I e , &placement or pemtaltlc pump), then all other samples d be collected 

prior to remomg the pump from the well 

For wells that dewater, the well wdl be allowed to recover 50 percent of its o n p a l  volume before 

the start of samphg If a well wdl not recover 50 percent wthm 24 hours after dewatermg, the 

VOC sample wdl be collected when a suffiaent volume of water has accumulated for VOC sample 

collection The calculabon for recovery wdl be performed as desmbed m Subsection 5 6 1  

However, 50 percent recovery wdl be used mtead of 90 percent If a suffiaent volume of water 

for VOC sample collechon has stdl not accumulated wthn 24 hours after the completion of 

purgmg, VOCs wdl not be Collected for that well 

The contamers used for sample collecbon from poor producing wells may M e r  from those used 

for hgh yeld wells m some lnstances due to constramts on obtamng enough sample to fill sample 

contamers In some lnstances smaller contamers may be utdued, or chemical parameters normally 

collected m separate contamers may be combmed mto a smgle contamer Well hstones can be 

used to identify whlch wells may reqlllre the moddied sample swte These wells wdl be sampled 

for a maxunum of 32 hours after the complebon of pur- wth the excepbw of VOC sample I - -  
collection &cussed m the prewous paragraph The complebon of purgmg wdl be considered 0 

hour At the end of 32 hours, parhal samples d be measured If a well IS purged m the a m  on 

day one, then the well can be sampled anytune the next day Accumulated sample wdl be compared 

to the m m u m  volume requrements identdied m Table GW6-1 If the mmmum volume 

requrement for the target parameter has not been actueved, the partral sample and bottle wdl be 

disposed Thls volume may be less than the typical volume collected All parameters whd have 

only m m u m  samples volumes collected and all uncollected parameters Wrll be documented 

I , 
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The order of the parameters m ttus sample herarchy may be changed at the bcrehon of the 

samphg team Changes m the herarchy wdl be based on the predrcted number of paramtters that 

urlll be collected The sampltng team must document theu calculahons that unll substanhate any 

change m the sample order pnor to dewahon from &IS plan 

Sample contamers d be stored away from sunhght and d be cooled to 4°C pnor to fdhg 

Immediately after collechon, samples req- coolrng wdl be cooled to 4OC A M e d  cooler d 
be used as the storage contamer Whenever a sample bottle wbch reqwes ChJlrng IS not bemg 

physically handled, it urlll be placed m the cooler to prevent heatmg or freemg, exposure to 

sunlight, and possible breakage 
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P m  

Ractabon Screen 

voc - CLP 

BNA 

Pesbades/PCB 

TSS 
TDS, C1 IF SO,, CO,, 

Metals - CLP, wth Cs, LI, 
Sr, sn, Mo, si 

k&O, 

TOC 
COD 
Metals - CLP wtb Cs, 4 

Sr, Sn, Mo, Si 

Orthophosphate 

Nitrate / Nitnte as N 
Cyarude 

Gross Alpha / Beta 

m l w ,  mu, mu 
w/yopU 

"'Am 
mP''Sr 

=ImRa 

T S  

'H 

TABLE GW.6-1 
SAMPLE CONTAINERS AND PRESERVATIVES 

FOR GROUNDWATER SAMPLES 

MINZMUM 

6 oz poly 

2 - 4Oml amber glass 

1Lamberglass 

1Lambcrglass 

sz2mwERi 

125 ml poly 

1 L Poly 

1 L Poly 

125 ml poly 

125 ml poly 

1 L poly 

250 ml poly 

250 ml poly 

1 L poly 
550 ml poly 

100 ml poly 

1 L poly 

1 L poly 
700 ml poly 

750 ml poly 

ULpolY 
1 0 0 m l g k  

PRESERVATIVE 
None 
Cool to 4°C 

cool to 4°C 
Cool to 4.c 

Cool to 4°C 

Ntcred, HN03 to pH <2, 
cool to 4°C 

HSO, < pH2 Cool to 4°C 

H$O, < pH2 Cool to 4°C 

Unfiltered, "0, to pH <2, 
Cool to 4" 

Filtered, Cool to 4" C 

H$O, to pH <2, Cool to 4°C 

Na OH to pH >l2, Cool to 
4°C 
"0, to pH <2 
Filtwed, HN03 to pH <2 
HN03 to pH <2 
€€NO3 to pH <Z 

Filtered, €€NO3 to pH e2 
Filtered, "0, to pH e2 
Faered, "0, to pH <2 

The volume hted 1s the m m u m  amount requued for analysls Actual sample volumes may be 
slightly hgher and some parameters may be combmed m a srngle contamer 

I 
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VOC samples wdl be collected usmg a bder equpped wth a bottom-decantmg control valve Vials 

wd be filled by dspensmg water through the control valve and along the mside edgeeof the sbghtly 

tdted sample mal Care d be taken to elunmate aerahon of the sample water The wals d be 

filled beyond capaaty so the resultmg mewcus d produce an artqht seal when capped The 

capped mal wdl be checked for trapped au by llghtly tappmg the mal m an mverted posihon If au 

becomes trapped m the mal, the sample water wdl be &carded, and the wal d be refilled. If two 

consecutive attempts to fill a VOC wal result m trapped au  bubbles, the wal wdl be dscarded 

VOC mals wdl never be filed and stored below capaaty because of muffiaent quantities of water 

m the bder Except for the VOC mals, adequate au space should be left m the bottle to allow for 

expansion 

Sites d be prepared prior to samphg as descnbed m Subsechon 5 4  

appropnate dormation wdl be recorded on the appropnate field forms or m the logbook 

AU necessary and 

Samples d be placed m the appropnate contamers and packed with ice m coolers as soon as 

practical Packagmg, labehg, and preparahon for shpment d follow procedures as specdied m 

SOP FO U, Contamemg, Preserving, Handhg, and Shppmg of Sod and Water Samples When 

m p h g  15 complete, the well cap wd be replaced and locked 

h p l m g  tools, mtruments, and equpment d be protected from sources of contammabon before 

use and decontammated after use as speafied m Subseaon 53 kqluds and matenals from 

decontammahon operahons wdl be handed m accordance wth SOP F05, Handlug of Purge and 

Development Water Sample contamers wdl also be protected from sources of contammahon 

Samphg personnel wdl wear chermcal-resstant gloves when handlmg samples Gloves d be 

decontammated or &posed of between well sites 

(401 1 920-01 1~9zO)(C~WsREv2)(Cn/01/92) 
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5.8 1 1 _Groundwater SamDline Usinn a Bailer 

Thts porbon of SOP GW 6 desmbes the use of a b d e r  for collecthg groundwater samples that may 

be used to obtam physical, chemical, or ractologd samples 

A bader is carefully lowered mto the well by means of a new polypropylene rope or other h e  made 

of mert matenal After f h g  w h  the wed, the bader is wthdrawn by retnevmg the b d e r  h e ,  

and the bader contents are dramed mto the appropnate contamers Certam recommendahons 

and/or constramts should be observed when usmg bders  for samplrng groundwater quahty 

monitormg wells 

e Only bottom-fbg Teflon@ baders or bders  made of other mert matenals d be 

used 

e Only unused, decontammated, or deQcated b d e r  h e  WLLl be used A 5-foot 

leader of Teflon@ coated stamless steel cable wdl be attached to the bader 

0 A reel upon which the bader h e  may be wound is helpful m lowenng and rasmg 

tire b d e r  It also reduces the chance of contammahon 

0 Baders constructed wth adhesive J O ~ ~ S  d not be used 

Lower the bader slowly to the mterval from whch the sample is to be collected A determrned 

effort wdl be taken to mlnlmlze lsturbance of the water column when rumg and lowenng the 

bader m order to prevent aerahon of the water column For VOCs, sample bottles Hrlll be friied 

by allowmg the water to flow out the valve m the bottom of the b d e r  and mto and along the side 

of the sample bottle The remamder of the samphg water d be collected m a s t d e s s  steel 

(401 192041 lW20)(IX"'REV2)(U3/01/92) 
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contamer Sample contamers d then be filled from the water m the s t d e s s  steel contamer 

Samples reqlunng filtrahon wdl be filtered and then contamenzed. 

5.8.12 Groundwater SamDIine Usine a P e n s t a h  PumD 

Use of penstahc pumps d be lunited to collectmg sample abquots for radonucldes, metals, and 

other species that are not subject to v o l a h t i o n  and degassmg Perstalnc pumps wdl never be 

used to collect volade orgarucs or other vo1at.de species All downhole tublng will be composed of 

Teflon" Only the porbon of tubmg w b d  IS mserted mto the mecharucal drive wdl be made of 

shca Ths drive pox-bon of the tubmg d be &carded after each use 

5 8 13 Groundwater Samoling Using a %ennett Gas-Powered hston Submersible Purne 

The gas-powered plston submersible pump is a portable system for purgmg wells wth water depths 

up to 250 feet The system IS operated by compressed gas (au or mtrogen) and dnven by an au 

motor The pump IS self-pnmm, and the gas that dnves the pump does not contact the purged 

water The pump IS constructed from s t d e s s  steel and can be decontammated easdy 

I 

The feasibhty of usmg ths pump for well purgmg and samphg d be the responsibhty of the site 

supemor The fol lowq critena wdl be considered when usmg pump 

The compressor used to power the pump d be located a m m u m  of 15 feet 

downwmd from the well to elunmate the contammatron of eqmpment wth exhaust I 

If the seal located between the motor and the pump IS bndged, au wdl exlt 

through the discharge h e  If ths problem occurs, pump operauons wdl be 

stopped and the seals replaced If the shaft IS worn and a proper seal cannot be 

mamtamed, the shaft wdl be replaced 

(401 I42W11?-920)(GW6RNZ)(03/01/92) 
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0 Upon complehon of purgmg, the pump d be allowed to contmue pumpmg at a 

rate no less than 5 hters per m u t e  AUowmg the pump to stop wdl cause the 

water trapped 10 the &charge h e s  to equhbrate to ambient temperatures This 

1s not acceptable Dunng samplmg, the pump can be slowed to any rate whch 

allows effiaent samplrng 

0 After complehon of sample collecbon, the pump must be removed to allow for 

VOC sample collechon wth a bader W e  remevlng the pump, water used to 

m e  the h e s  wdl not be allowed to trickle mto the well 

5.82 Sample Filtering and Preservation 

I Samples for dissolved metals, Gross Alpha/Beta, m'arUraruum, ?Jrmurn, 238Uramurn, 

"IWStrontium, 'nCesium, 226Ra&um, 228Ra&um, and orthophosphate wdl be filtered m the field at 

the well locahon durrng the samphg event through a dsposable 0 45-micrometer membrane filter 

If a penstdm or bladder pump 1s b e q  uthzed, a bposable filter may be attached cllrectly to 

the sample dehvery h e  so that the sample IS filtered dnectly mto the sample contamer as it exlts 

the dehvery h e  Dlscharge pressure VJlll be gauged so it does not exceed 50 psi Alternatmely, 

sample water may be collected m a stadess steel contamer and filtered wlth a penstahc or vacuum 

pump Samples to be analyzed for vo1at.de orgamc specles wdl not be filtered Before sample 

collecbon, 100 to 200 mdlhters of sample water wdl be passed through the filter m order to m e  

the filter and filtrahon apparatus of possible contarmnatmg substances 

Samples requvlng fdtrabon wdl be Wtered pnor to adhhon of preservatwe &em& Preservatwes 

d be added to sample bottles pnor to the mtroduaon of sample water The preservative wd be 

added m rnulhple 5 ml ahquots appropnate to the slze of the bottle One-hter bottles wdl have 

5 ml of sample added pnor to sample collechon, whde Chter bottles may have up to 20 ml of aad 

(401 1-92041 l~ZO)(GWaREvZ)(~/Ol/92) 
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added After sample collection has been completed the pH of preserved samples wdl be checked 

as follows 

e A small amount of sample d be poured from the sample bottle duectly onto 

approved pH paper Care d be used so that the threaded neck of the bottle 

does not contact the pH paper 

e The Ph paper wrll be checked agamt the supphed color chart If the appropriate 

Ph has not been adueved, adclhonal preservahve d be added to the sample m 

5ml ahquots, and the Ph test wdl be repeated 

5 83 Sample Screening 

A sample for radiahon screewg wdl be collected for each well sampled, as specdied m 

Subsection 5 8 1 Ths sample may be obtamed from statrc well water up to 3 days before the 

samphg event If the raclahon screen bemg collected dunng the samphg event, it may be 

obtamed from the purge water pnor to complehon of purgmg Ths sample wdl be dehvered to 

the EG&G or subcontracted ralatton saeenrng laboratory on the day after collechon The sample I 
wdl be screened for gross alpha, and samples from the correspondmg well wdl be handled accordmg 

to the levels of racloactmty detected 111 the sample, as speclfed m SOP FO l3, Contsunenung, 

Presemg, HanW and Shppmg of Sod and Water Samples 

58 4 QA/QC Samples 

The frequency and types of field QA/QC samples collected dunng groundwater samphg are 

described m the Enwonmental Restorahon Quahty Assurance Program Plan Thls SOP detads the 

apphcable cntena for collectmg QA/QC samples 
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Duphcate samples wdl be collected only from wells that produce enough water to collect two full 
smtes of analytes wthout dewatemg The wells wluch produce suffiaent water wdl be mcorporated 

mto the samphg program such that the reqwed duphcate frequency can be mutamed 

Wells scheduled for duphcate sample collechon wdl be sampled as descnbed m Subsection 5 8 of 

ths SOP After collection of a complete surte of samples, all downhole eqmpment d not be 

decontamrnated Duphcate collechon d be performed usmg the same eqmpment used for the 

o n g ~ ~ ~ a l  sample collechon The duphcate sample sute d be collected m the Same order as the 

oripal  sample sute begmug wth VOCs Ad&honal field parameters wdl not be measured 

durlng duphcate sample collechon 

When a pump IS bemg used for sample collection, all samples collected through the pump wll be 
collected first VOCs, collected usrng a bder, d follow After collechon of the origmal VOC 
sample, the bder wdl be emphed The bder d then be lowered rnto the well and allowed to fill 
a second m e  Water from the second fu d be used for the duphcate VOC sample 

Ef a well 1s bemg used for matnx splke (MS) and matnx splke duphcate (MSD) samples the 

duphcate d be collected after collemon of the MS and MSD 

All duphcate samples d be p e n  a sample number Werent from the ongmal sample 

58 4 2  Matnx h i k e  and Matnx SDike Du~licate 

MS and MSD samples d be collected only from wells that produce enough water to collect the 

reqwed smtes of analytes wthout dewatenng The site supemor d asslgn MS and MSD 
samples to reflect the Merent groundwater mahces estabhshed by EG&G 

(401 1-920-01 I3-920)(GW6REV.2)(03/01/92) 
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MS and MSD samples Wrll be collected as follows 

The well wdl be purged as descnbed m Subsecbon 5 6 of ths SOP 

0 After completron of purg~~g, VOC samples wd be collected The o n p a l  sample 

urlll be collected followed by the MS and MSD These samples w31 be collected 

m unmehate succession AII D 0 parameter measurements w31 be taken after 

f w  the last VOC wal 

0 The remamag parameters not reqwmg filtemg urlll be collected For each 

sample parameter, the orqpxil sample, MS, and MSD wJ1 be collected 

concurrently The o n p a l  sample bottle wdl be filled one-thud full followed by 

the MS and MSD sample bottles whch wdl also be filled one-thud full Each 

bottle wrll be rotated m the sequence, f h g  m o n e - b d  full untd all three bottles 

are full For analytes not requvlng a MSD, only the o q p a l  sample and the MS 
wdl be collected 

After the onpal sample, MS, and MSD (where appropnate) are collected for one 

parameter, the process anll be repeated far the next parameter 

0. Farameters requmng filtering WIII be collected smdarly When a bader s used, 

a s t d e s s  steel bucket will be filled wth sample water As samples are collected 

and the resewow of water m the bucket IS depleted, addmonal water may be 

added at the dscrebon of the sample crew When a pump IS used, the fiter wdl 

be attached drrectly to the &charge h e  Sample bottles wdl be filled as 

descnbed above, partially filhug the ongmal sample, MS, and MSD m rotatmg 

sequence untd each parameter bottle 1s full 

(401 1-92001 13-920)(GW 6REv2)(03/01/92) 
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5 8  43 

5 8 4 4  

Rahochemlstry samples may have more than one bottle for each parameter group 

In thrls case, w q u x e d  bottles WLU be mduded m the rota- sequence 

0 Field Parameter measurements vnll not be rcquued for MS and MSD samples 

MS and MSD samples wdl retam the onpal sample number However, a suff'~'~ of MS or MSD wJ1 

be added to the sample number to correspond wth each QA/QC sample 

ReDlicates and SDlits 

Replicate and spht samples WIII be collected UI the same manner as described for the MS and MSD 

Rephcates and sphts exceedmg three samples d be referred to EG&G for further mstrucuons 

Field EcluiDment knses 

Field equipment mses wdl be collected m a manner deslgned to reflect samplmg techmques All 

equipment used dunng samphg wdl be m e d  wth dstdled water The resultmg m a t e  WID be 

collected 1p bottles identical to those used for the ongmal sample 

5.8 4 4 1 Bailed Wells After complebon of samphg, all equpment wdl be decontammated Pnor 

to leavlng the well Iocauon, the equpment m e  wdl then be collected as follows 

0 The bader WIII be filled wth &Wed water by pounng the water mto the top opelung 

When polypropylene rope 1s used, the water should be allowed to m e  a short s eaon  of 

clean rope whde W g  the bader 

0 The m e  water should then be decanted to the VOC VI& through the bottom valve Th~s 

Hnll be done m the same manner used dumg sample collecbon 

(4UI 1 92M)113420)(GW&EVZ)(03/01/92) 
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0 For the remammg unfiltered parameters, the b d e r  4 be filled wth dstded water each 

tune adhtional m a t e  1s needed The nnsate d then be transferred to sample bottles 

m the same manner used dunng collecbon 

s Filtered parameters wdl also be collected m an idenbcal manner to the orqpal samples 

The bader wdl be filled wth dstdled water The m e  water wdl then be transferred to 

a stamless steel bucket The m e  water rn the bucket WIII then be filtered through a new 

dsposable filter 

0 Ruse samples wdl be preserved to the same Ph levels as ongmal samples 

5 8 4 43 Pumwd Wells Only samphg eqlupment used durrng the pumpmg of wells wdl be 

mcluded m the field equipment rmse VOC m e  samples wdl be collected usmg a bader as 

described rn Subsecbon 5 8 4 4 1 Dlstdled water wdl be pumped from a stamless steel bucket when 

sunulatmg samphg conhhons for all other parameters These samples d be collected as follows 

s W e  f h g  the bucket, b a e d  water wdl be poured over the lower secbon of pump 

power and &charge h e s  

0 The volume of stored water m the pump h e s  d be purged at least once wth the w e  

water before sample collecbon 

0 Sample bottles wdl be filled duectly from the pump &charge h e ,  slmulatrng actual 

samplmg techmques Filtered nnsate wdl be passed through a duposable Wter attached 

duectly to the &charge h e  

(401 I-9Mo113920)(GW6REV2)(03/0l/92) 



GROUNDWATER SAMPLING 

EG&G ROCKY FLATS PLANT Manual: 5-210o0-OPS 
EMD MANUAL OPERATION SOP Procedure No.: GW.6, Rev. 2 

Page: 35 of 38 
Effectwe Date: March 1,1992 

Category 2 Organmtnon: Enwonmental Management 

5 8 4.5 Distilled Water Blanks 

Distdled water used for the fmal decontammabon of equpment wdl be transferred duectly to 

sample bottles to determrne any basehe contammauon they may have mtroduud rnto the samples 

Five gallon bottles of water d be opened rn a controlled area such as the bottle storage room 

Dlstdled water d then be poured duectly from the 5-gallon bottle mto the appropriate sample 

bottle A Teflon@, glass, or stamless steel funnel may be used to help control flows mto small 

mouth bottles Blank samples wdl be preserved to the appropnate Ph requved for each analyte 

5 9 SAMPLE HANDLING AND CONTROL 

Pre-cleaned sample contamers wd be obtamed from the contract analybcal laboratory Preserving 

solution wd be added to the bottles by either the laboratory, the sample manager at the sample 

trader, or preferably, the sample techcian m the field If preserving solution IS added by the 

sample manager, the sample manager wrll also label the bottles to mdute the type of sample to 

be taken 

The samplmg containers, preservation requuements, and holdmg tunes for the vanous types of 

analyses are shown m Table GW 6-1 Addhonal dormation on contamemq, preservmg, and 

handhg of the water samples IS gtven m SOP FO 13, Contamenzuig, Presemng, Handl~ng, and 

Sluppmg of Sod and Water Samples Groundwater samples wd be properly labelled so that they 

can be easdy identrfed The sample numbenng system has been asslgned by EG&G Sample 
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identlficahon (ID) numbers d be assqped to each physical sample The sample ID number d 
contam the followrng mformahon as part of a m e  to twelve character, alpha-numenc code 

Characteds) PesmDho n w 
1 and 2 Project ID GW 

3 through 7 Sample Number ooool to 99999 

8and9 Subcontractor ID Alpha (eg IT = Internahonal Technology 
COT 1 

10, 11, and 12 QA/QC MS for matm splke, MSD for matm sprke 
duplicate 

Sample numbers d be assigned on a dady bass by the subcontractor's sample manager Numbers 

w11 be assigned consecuhvely, be-g wth oooO1 Assignment of sample numbers d be tracked 

and rnamtamed on the subcontractor's computer at the subcontractor's base ofice I 

6 0 DOCUMENTATION 

All field actiwties d be recorded on Form GW6A, Field Actsvlty Ddy Log, Form GWSB, 

Groundwater Sample Collechon Log, and Form GW 6C, Well Status Form Summary lnformat~on 

of the days achwhes or needed mformahon not recorded on the field forms should be recorded III 

a bound field logbook Logbooks and field forms d be asslgned to field personnel and d remam 

ID then custody d m g  all samphg achwhes The cover of each logbook d contam the followmg 

dormahon at a rmnunum 

. -  

0 Name of the orgamzahon to whch the book IS assqped 
0 Book number 

0 Project name 

0 Start and end dates 

(4011 9mOl1&9aO)(GW6REV2)(03/01/92) 
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Logbook pages d be sequentially numbered before any data recordmg All data and dormahon 

pertment to field samplmg d be recorded m the logbook or on the field forms that iden* all 

requlred data entnes Enough d e t d  must be mcluded m the documentahon to reconstruct the 

samphg event Field form entnes wdl mclude the followmg mmmum mformauon 

Date and tune 

Names of field personnel 

Names of all witors 

Locahon of field achwhes 

Desmption of samphg sites mcludmg weather condhons 

All field observations and comments 

Field parameters 

Sample identdkation dormation 

References to all prepared field achwty forms and cham-of-custody records 

Field logbooks d normally be kept only by the field samplrng team leaders and the site supemsor 

and wdl be used only to summarue field actiwhes and to document project dormahon not reqwed 

by the SOP field forms 

Permanent mk d be used for all entnes IJI the logbooks and on the field forms Mstakes d be 

crossed out wth a slngle h e ,  whaled, and dated Unused pages or p m a l  pages wdl be voided 

by drawrng a h e  through the blank secbons and mhallmg Any dewahon from ths SOP d 
reqwe documentation m the site supemor's logbook 

The field achwty dady log narrahve should create a chronologd record of the meda team's 

actiwhes, mcludmg the tune and locahon of each achwty Any descnphons of problems 

encountered, personnel contacted, dewahons from the SOP, and witors on site should also be 

d u d e d  The weather conlhons, date, spature  of the person responsible for entnes, and the 

(401 1-92LM113-920)(GW6REV2)(03/01/92) 
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number of field actmty M y  log sheets used to record me&a team achwhes for a pvcn day wdl also 

be mcluded 

The Groundwater Levels Measurement/Calculahons Form (see SOP GW 1, Water Level 

Measurements 111 Wells and Piezometers) and the Cham of Custody Record (see SOP FO 13, 
Contamermng, Presemg, Handl~ng, and Shppmg of Sod and Water Samples) d also be 

completed for each site All blank fields on the forms must be completed or voided 

I) 
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Form GWAB 

PURGE METHOD - TYPE USED: 
0 PUMP 0 PERISTALTIC a OTHER 

0 BAILER n TEFLON 0 OTHER - 

Us DEFAKfhiEhT OF ROCKY FLATS PLANT Page 1 of 2 
GROUND WATER SAMPLE COLLECTION LOG Revlslon 1 

PURGE VOLUMES & RECHARGE 
Actual purged volume (gallons) = Purged d r y ?  ( Y I N )  = 
SOX of IC = 0 9 x I C ( o r  A C )  = 0 9X . 
10 minute W a t e r  Level R e c o v e r y  Time Start. Time Slop 
ER = Estimated 3 0  minute recharge - (TO-10 minute m ) X 3 = (  - 1 x 3 -  

PURGING REaUlAEMENTS L CALCULATIONS - Datum: Top of Wolf Caring (TOWC) PURGE DATE 

ID = W e l l  Caring Inrido Diamotor (inchor) - 
UV = Unit Caring Volumo (gol/linoar foot) = 
WD - Depth to Water ( f e e t )  - 
TO - Total Oepth (feet) = Measurod Total Depth (MTD)+Probe E n d  
IC = Initial Water Column (feet) = To - VH) = - 
I V  - Initial Water Volume (gallons) - uv x I C  - X I 

SO - D e p t h  to Top of Screen = - 2 1 1  - 
- 

- 
It WD lets than SO - 2 f t 7  (Y IN)  I f  Y thon 

AC - Adjutted Water Column(ft) * TO-SO - - I 

AV - Adjutted Casino Volume(ga1) - UVxAC - x I 

1 1  N o  then 3 x I V  = 3 x I 

I Checked b y  

1 Crocked b y  I 
rfp,09 2101191 
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2.0 PURPOSE AND SCOPE 

Ths standard opera- procedure (SOP) discusses equpment and procedures that wdl be used at 

the Rocky Flats Plant (RFP) to conduct aqurfer pumpmg tests m drrven well pornts and/or d d e d  

and completed wells Tlus SOP addresses "stepdrawdown" and "constant rate &charge" pumpmg 

tests, and IS based upon mformabon contamed m references presented m Section 4 0 

' j  -.- 

An aqurfer pumpmg test 1s an m sthc test used to assess hydraulic charactersbcs representatwe of 

the aqurfer bemg tested Tlus IS accompbshed by s t r e w  a subject aqder  through the removal 

or admuon of water and measurmg hydrostabc pressure response Typically, a producbon well 

pumped at fractions of full capaaty wth pumpmg rates ch-g m a tune step faduon, "step- 

drawdown", and/or at a constant rate, wth water levels measured at frequent rntervals rn the 

production well and one or more observation wells (Walton, 1987) Tune-drawdown and distance- 

drawdown data are recorded and used to calculate aqufer charactersbcs through type-curve 

m a t h g ,  straght-lme matching or mflection-pomt t e h q u e s  

3.0 PERSONNEL QUALIFICATIONS 

I 

iersonnel conductmg the aqulfer purnpmg test wdl be geologtsts and/or engmeers wth backgrounds 

m hydrology, or field techcians wth an appropriate amount of apphcable expenencc or on-the-job 

lrvrung under the s ~ ~ p e m i o n  of other q u d e d  personnel 
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4.0 REFERENCES 

4.1 SOURCE REFERENCES 

The followg IS a h t  of references reviewed prior to the wntmg of &IS procedure 

Bear, J ,1979, Hvdradics of Groundwater McGraw-HdI, New York, 567 p 

Brrsoy, Yuksel L and Summers, W IC, 1980, Determmabon of Aqufer Parameters From Step 

Tests and Intermittent Pumpmg Data Ground Water, Vol 18, No 2, pp l37-145 

Boulton, N S ,1963, Analysfi of Data From Non-equhbnum Pumpmg Tests AUowmg For Delayed 

Yield From Storage Proc Inst Civ Eng [London], Vol 26, pp 469-482 

Cooper, H H , Jr , and Jacob, C E., 1946, A Generahed Graptucal Method For Evaluatmg 

Formauon Constants and Summanzlng Well Field Hstory Am Geophys Umon Trans, Vol 27 

No 4,pp 526-534 

Cooper, H H, Jr , 1%3, Type Curves For Nonsteady Radial Flow 111 an Infmte Leaky Artesian 

Aqder, m BentaU, Ray, compder, Short-cuts and S p e d  Problems m Aqder Tests U S Geol 

Survey Water-Supply Paper 1545-C, pp C48-C55 

Dnswll, Fletcher, G , 1986, Groundwater and Wells Johnson Diwsion, St Paul Mmnesota, 1,089 

P. 

Freeze, R A ,  and J A Cherry, 1979, Groundwater Prentice-Hall, Inc, Englewood, NJ ,604 p 
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Gnngarten, A. C, 1982, Flow-test Evaluahon of Fractured Rwervovs Geologd Soaety of 

Amenca, Speual Paper 189, pp 237-263 

Hantush, M S ,1955, Prehmary Quanhtatwe Study of the Roswell Ground-water Reservov, New 

Mexlco New Mexlco Inst Mmmg and Technology, 113 p 

Hantush, M S ,1960, Moddication of the Theory of Leaky Aqufers Jour Geophys Research, Vol 
65, NO 11, pp 3713-3725 

Hantush, M S and C E Jacob, 1955, Nonsteady Rala l  Flow m an I h t e  Leaky Aqwfer Am 
Geophys Umon Trans, Vol 36, No 1, pp 95-100 

Harlan, R L ,  K. E Kolm and E D Gutentag, 1989, Water-Well Desien and Construction 
Elsemer, New York, 35 p 

Jacob, C E, 1963, Determmng the Permeabhry of Water Table Aquders, in Bentall, Ray, 

comprler, Methods of Determmmg Permeabrltty, Transmlssibhty, and Drawdown U S Geol 

Survey Water-Supply Paper 1536-1, pp 272-292 

Kruseman, G P, and N A De Ridder, 1983, Analvsis and Evaluation of P u m m m .  

International Institute for Land Redamauon and Improvement, Wagewgen, The Netherlands, 200 

P 

Papadopulos, S I ,  1%5, Nonsteady Flow to a Well m an Infimte Amsotropic Aqiufer Proceedmgs, 

JubroMlk Symposium on the Hydrology of Fractured Rocks, International Assouation of Scientific 

Hydrology, pp 21-31 

I (4011 9D016B910)(GWREV l)(OS/o6/92) 
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Pnckett, T A ,  1965, Type-curve Solubon to Aqufer Tests Under Water-table Con&tions Ground 

Water, Vol 3, No 3, pp 5-14 

bhman, S W ,1979, Ground Water Hydradm U S Geol Survey Prof Paper 708,70 p 

Theu, C V , 1935, The Relation of Lowermg the Piezometnc Surface and the Rate and Durabon 

of Dlscharge of a Well Usrng Groundwater Storage h e r  Geophys Union Trans, Vol 16, pp 

519-524 

U S Enwonmental Protection Agency (EPA), Ground Water Handbook, Ofice of Research and 

Development, EPA/625/6-87/016, March 1987,212 p 

Walton, W C ,1962, Selected Analytical Methods for Well and Aqwfer Evaluation State of Illrnols 

Department of Registration and Education, Bulletm 49, p 6 

Walton, W C , 1970, Groundwater Resource Evaluation McGraw-Hd Book Co , New York, 664 

P 

Wdton, W C ,  1987, Groundwater Purnpine Tests National Water WeU Assouation, Lews 

Publtshers, Inc , Chelsea, Michlgan, 201 p 

4.2 INTERNAL REFERENCES 

Related SOPS cross-referenced by tius SOP are as follows 

SOP FO 3, General Equipment Decontamrnation 

SOP FO 5, Handhng of Purge and Development Water 

SOP FO 7, Handlmg of Decontammation Water and Wash Water 

0 

., 
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page: 

0 SOP FO 15, Photoionuabon Detectors (PIDs) and Flame Ioxuzation Detectors 

( m s )  
SOP GT 6, Momtomg Wells and Piezometer Installabon 

SOP GW 1, Water Level Measurements m Wells and Piezometers 

SOP GW 2, Well Development 

SOP GW3, PumpIn Borehole Packer Testmg 

SOP GW5, Field Measurement of Groundwater Field Parameters 

SOP GW 6, Groundwater Samphg 

0 

0 

0 

0 

0 

0 

5 0 EQUIPMENT AND PROCEDURES 

5 1  EQUIPMENT 

Aqulfer pumpmg tests wdl be conducted using an arrangement of equipment that wdl satlsfy the 

reqvlrements speafk to the test conQtions The followmg IS a general hst of equipment needed 

to perform aqufer pumpmg tests 

A reliable power ulurct 

Submerslble or suction pump (pumpmg rates may range from 001 gpm to 10 

w m )  
Row meter 

Borehole flow meter (optional) 

Drscbarge control equipment 

Water &charge h e  

Temporary holding tank 

Pressure transducers 

Data loggers 

Elecrronic water level mdmtor 
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0 Tuneclock or watch wth second hand or *tal readout of seconds 

Field notebook and/or field forms 0 

Spedic eqmpment and matemils requrements wdl vary wth the type of aqufer pumpmg test bang 

performed 

Guidehes presented m SOP FO3, General Equipment Decontammation, are to be followed for 

decontammatmg eqmpment mvolved m aqurfer pumpmg tests 

5.2 WELL INSTALLATION AND DEVELOPMENT 

All wells should be mtalled per gudelines 111 SOP GT6, Momtormg Wells and Piezometer 

Installatron, except for spedic design requrements as set forth m this SOP Newly mtalled wells 

wdl be checked for the presence of an irnrnlsuble layer pmr to well development The method for 

detectmg these layers m monitormg wells IS dscussed m SOP GW 1, Water Level Measurements 

111 Wells and Piezometers If an immmble layer of 5 mm or greater IS detected m a newly mtalled 

well, well development procedures WIU not continue untd the EG&G Project Manager has been 

noMied In the case where unmisublt layer 1s not identified, a water level measurement wd be 
taken accordmg to SOP GW 1 and well development actinties wdl continue The water level 

measurement along wth the total well depth measurement WIU be used to determme the volume 

of water xn the well w m g  Well w m g  calculatrons are presented m Section 5 2 11 of SOP GW 1 

5.2 1 Determination of Aquifer Pumping Test Well Locahon 

When selectmg a site for an aqulfer pumping test, consideration vnll be gwen to the characterstics 

of the site as it  relates to possible potentiometnc surface fluctuations as a resuk of nearby surface 

loadmg (traffic, etc), and to the expected gradient of the water table 

(401 1-9iSOl689ZO)(GU" 1)(05/06/92) 
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522.1 

5 2 2 2  

5 2 2 3  

5 2 3  

Aquifer Pumping Test Well Installation 

AU pumpmg wells d be fully penetratmg. The heterogentity of the alluwal matenals, Arapahoe 

Formahon, and Laramie Formatron at the RFP reqlure that the well screen be strategrcally placed 

Well TvDe 

Drdled wells wdl be constructed accordmg to SOP GT6, Momtormg Wells and Piczometcr 

Installabon and d have a slx-mch to one-foot sump of unscreened casq at the bottom of the well 

The base of the well casmg d be capped Dnven well pornts may be used for shallow aqurfcr 

pumpmg tests and wdl be developed according to speclficahons set forth m t h s  SOP Dnven wells 

may be lnstaIIed m soft formations free of cobbles and boulders (Harlan and others, 1989) 

Well Diameter 

The well casmg &meter d be as small as possible reducmg the volume of water rn the we4 yet 

large enough to accommodate pumpmg and measurrng eqmpment 

Filter Pack Construction 

In wells drdled specifically for aquifer pumpmg tests, fdter pack construction wdl follow the 

procedures o u h e d  m SOP GT 6, Momtormg Wells and Piezometer Installation 

Aquifer Pumping and Observation Well Development 

Well development IS the process of remowng drdlmg fluids, sedmeat and smeared or bdt-up 

materials from the borehole walls, filter packs, and/or well screens It also IS a process whereby 

frnes w t h  the formation adjacent to the borehole can be removed, thus enhancmg well efficiency 
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and allowmg the &ow of physlcally and chemically representative ground water from the formahon 

adjacent to the screened rnterval of the well T ~ I S  process wdl be used for all obscrvahon and 

pumprng w e 4  whether they are old wells or newly mtalled wells 

523.1 Matenals and E~IIIDIII~II~ 

The followmg IS a ht of well development and assoaated equrprnent 

Mechmcal reel equlpped wth a steel cable 

Submersible or suction pump, pump cables and hoses 

Water quabty test kit (pH, SC, T) 
Wash/Rmse tubs 

Clear plasbc sheetmg 

Disposable latex or wnyl gloves 

Non-phosphate, lab-grade detergent (e g , kqwox) 

Contamers for development water (see SOP FO5, Handhg of Purge and 

Development Water) 

Water level probe - sufficiently accurate to measure water levels to the nearest 

001 foot 

Dlstdled Water 

Field notebook and/or field forms 

Health and safety equpmcnt 

Orgamc vapor detector (OW)  

Calculator 

(4011 paM)16g92o)(GWW 1)(M/M/92) 
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5 2 3 2  Yell DevtloDment Proc edures for PurnDine and Obse nation Wells 

Well development for new pumpmg test wells wdl be conducted no sooner than 48 hours and no 

longer than two weeks after rnstallatlon All aqlllfer pumpmg and observabon wells, new and old, 

wdl be developed u b g  a wgorous development method known as backwashmg The pumpmg 

eqmpment of choice for well development, 1s a submersible or sumon pump 

Backwashmg rnvolves alternatwely t m g  a pump on and off to sundate a surgmg actlon m the 

well (EPA, 1987) Bahashmg should be conducted at a pumprng rate only sllghtly hgher than 

the well can sustam to avoid cloggmg the well screen If necessary, RFT tap water or formation 

water that has had the sedment removed, wdl be added to the well bore dunng the backwashmg 

process to augment the volume of water depleted by penolc pumpmg to waste The process of 

backwashmg mvolves rmrng a column of water almost to the surface, shuttrng off  the pump and 

allourlng the water to fall back into the well T h  process IS repeated, startmg and stopping the 

pump as rapidly as possible To m m m m  the possibhty of damagmg the pump as a result of 

sedunent-lockmg, the pump should mtially be started at reduced capanty and gradually mcreased 

The control box should be eqmpped wth a starter lockout to avoid damage to the pump that may 

result when an attempt to start the pump IS made whde the pump IS backspmmg. Dunng the 

baclcwashmg procedure, the well should occasionally be pumped to waste to remove sedment 

brought into the water column by the surgng action (Drlscoll, 1986) 

EG&G WIIJ determrne whether a pump wU be dednted to a spec& well based upon verlfied 

orgaxuc vapor detector (OW) realngs obtamed dumg the d d h g  of the well OVD readmgs are 

described rn SOP FO 15, Photoionuation Detectors (PIDs) and Flame Ionrzation Detectors (FIDs) 

Development eqmpment WIIJ be protected from the ground surface wth clear plastic sheetmg 

Development equipment wdl be decontammated before well development begms and between well 

sites accordmg to SOP FO 3, General Equipment Decontammation 

( 4 0 1 1 4 a M l ~ ) ( G w e R E v  1)(05/06/92) 
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Decontammahon and development water Hrlll be handled awrdmg to SOP F07 ,  Handl~ng of 

Decontaminahon Water and Wash Water, and SOP FOJ, Handllng of Purge and Development 

Water, rcqect~vely 

5233 -a 

The criteria for adequate development of the well wd be determmed by the project hydrogeologrst 

or engmeer and Wrll be approved by the EG&G Project Manager Development crrtena set forth 

m SOP GW 2, Well Development, Seaon 5 21, may be used as pdelmes, but 4 not necessarily 

be bmdmg In addtlon, three consecuhve well casmg volume rea- of pH, temperature, and 

speafic conductance d be recorded ( I  e ,  consecutive temperatures that are w h  1"C, and pH 

readmgs that are wthm 0 2 units) and consecutive conductimty readrngs fall wthm 10 percent of 

each other The &bration and use of these field mstruments IS described m SOP GW5, 
Measurements of Groundwater Field Parameters 

53 PROCEDURES 

The selection of an agulfer pumpmg test wll be based upon the estmates of hydraulrc parameters 

tliat are bemg assessed A test VnlI be selected that wll gave the deslred dormation whle 

mimmmg the complexly and time required to conduct the test 

Detded geologrc and hydrogeolopc dormation of the test area d be gathered and syntheswd 

mto the aqufer pumpmg test plan The amount of tune avdable for the test should be considered 

h to the bepnnmg of any aqurfer pumpmg test, the followng must be assessed 

0 Design of Test 

0 Desired Information 

(4011-91001~WZ20)(GWBREV 1)(05/06/!32) 
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e GeoIopc Condtions 

0 Analyt~cal Solutton and Boundary Condlhons 

53.1 Aquifer Pumping Test Design 

To mcrease the probabhty that a proposed test site and m a t e d  equlpment wdl yeld acceptable 

results, and to mrnrmlze uncertainttes m data collection and analys~~, the followmg pumpmg test 

design critena must be evaluated, to the extent that avadablc data allows 

0 The &meter, depth, and pitton of all mtervals open to rbe aqwfer system, as 

well as total depth 

0 Radd dlstance and duection from the producbon well to each observabon well 

and from any mterfermg boundary 

0 Radral distance and dlrection from any known boundanes to each observation well 

0 Depth to, thickness of, and areal and vertical h i t s  of the aqder  system 

0 The order of magmtude of pertrnent aqulfer system hydraubc charactenstics 

(Walton, 1987) 

It IS essential to the success of a pumprng test at the RFP that the relatively low hydrauhc 

conducbwties expected to exlst UI the materials bemg tested, be considered m the design of the 

pumpmg test The low hydraulic conductiwtles wd affect all aspects of the test design, mdudmg 

radius of mfluence, observation well spacing, pumping rate, length of tune to pump well bore 

storage, duration of the effects of delayed yeld, etc In addition, some formations may exst m both 

confined and unconfined con&tions throughout the RFP site It IS Uely, wMe conductmg a 

(401 1 4 W l W m )  (GWBREV 1)(05/06/92) 
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pumpmg test on such formahons at a site whch has been charactenzed as ewtrng under confined 

condhons, that heads may draw down m the pumpmg well below the top of the m a  layer, 

causlng a change to unconfked condmons If this posslbhty 1s suspected, then the test mtially 

should be desqned wtb unconfined conhhons m mmd If it 1s dearable to mamtam confined 

con&hons d m g  the test, for example, to do away wth the long tunes pottnhally requucd to 

overcome delayed yeld effects and thereby shorten the tune requred to complete the test, then an 

mjection pumpmg test should be considered 

The deslgn for a pumpmg test should b e p  wth the selection of hydraSc parameters that are 

beheved to represent the matenal bemg tested Thu assessment w31 be obtamed from laboratory 

analyses performed on sod and rock samples representattve of the aqder, or by packer tests 

conducted at or near the proposed test Ute The deslgn also may be guded by the results of a 
pretest slngle hole aqufer test Drawdown m the pumpmg well w31 not excced 20 percent of the 

saturated thckness If the aquifer IS unconfined and wdl not go below the top of the aqurfer If the 

aqufer IS confined 

The Them equabon can be used to determine the pumpmg rate as follows 

*re R - - radius of duence, (a large number, usually greater 
than loo0 feet, see Bear, 1979), (L), 

rlV - - radius of the well (L), 
H - - lrutial head (L), 
S - - drawdown m the pumpmg well (L), 
K - - hvdrauhc conductivity (L/T), and 
Q - - pumping rate (L3/T) 
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Confined aqufer 

where m - - thxkness of the aqufer 

T ~ I S  may be repeated for a range of hydra& conductivlhes to estabhsh a range of possible 

pumpmg rates The pumpmg rates can then be used to deslgn the spaung of the observation web 

from the pumpmg weU by assummg var~ous d u e s  of r (dstance between observation well and the 

pumpmg well) and s o h g  for values of s Ths process can be repeated uslng vanous pumpmg 

rates The results can then be plotted wth r versus s for various values of Q From thrs graph the 

optmum pumprng rate and observation well spactng can be chosen based on an acceptable 

mtnrmum drawdown observable m the observation well most &stant from the pumpmg well It IS 

recommended that the mlnunum observed drawdown for an observahon well be at least 0 1 foot 

The effects of well bore storage can be si&icant m low hydrauhc conductivity materials To 
determme the tune after pumpmg b e p  beyond whcb well bore storage =pacts are neghgible, the 

followq equation can be used (Walton, 1987) 

*ere 4 - - tune beyond whch effects of storage are neghgblc (less 
than 1 percent of drawdown values)(mm), 

rw - - production well effective radw (ft), 
re - - pump-column pipe radius (fi), and 
T - - transmissiwty (gpd/ft) 

At least three observation wells should be installed in the same aqufer as the pumping well and at 

vmous dstances and duections from the pumpmg well Observation well spaung wd be 
logarithmic and designed to provlde at least one logarithmic cycle of dstance-drawdown data 

(Walton, 1987) 

(4011-92041fM~)(GWEREV 1)(05/06/92) 
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In the event that boundary condrtions prevad, observation wells should be spaced along a b e  

through the productlon well and parallel to the boundary to mtlllmn the effects of the boundary 

on dstance-drawdown data If boundmes arc of mtcrest, it 1s dewable to space observahon wells 

on a b e  perpendicular to the boundary and at vanable dstances and duecbons from the rmage well 

assoaated wth the boundary (Walton, 1987) 

The open, or screened porbons of both the production and observahon wells should be open to the 

same mterval of the aqulfer unless leaky condrtions are anhupated Where leaky condrtions arc 

anticipated, at least one aqurfer observation well wdI be open to the same mterval of the aqurfcr 

as the production well, and one aqutr observation well should be open to the lower porhon of 

the aquitard Where possible these wells wll be fully penetratmg. 

In order to determme the appropriate duration for runrung a pumpmg test under water table 

condmons, one of the followmg equations should be used 

where t - - tune after pumpmg started beyond whch delayed gravlty 
perd impacts are n e h b l e  (mm), 

- - aqulfer horizontal hydra& conductiwty (gpd/fP), and 
- aqlufer water table storativlty (specrfc yeld) 

@miensionless), 

m - - aquiler thrckncss (ft), 
?, 
9 - 

t, = 5 4  x ld(r;)S,/T (Walton, 1987) 

where 

(402 1-9Z416%9W)(GW8REv I)(USlO6/92) 

t, - - pumping test duration whch must be exceeded d 
boundary unpacts are to be clear (one logarithmic tune 
cycle after unpacts become appreciable) (mm), 
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r, dstance from observation well to boundary wage well 

s, - - aquder water table storatmty (speclfc yeld) 

T t aqder transmissivity (gpd/ft) 

- - 
@I* 
(dunensionless), and 

The equahon whch gwes the greater duration IS the equauon that should be used 

Tune mtervak for observauon well water level measurements vary from short at the start of the test, 

when water levels d e h e  rapidly, to long at the end of the test, when the tune rate of drawdown 

IS small A typical range of tme mtervals for observabon well, water level measurements are shown 

rn Table GW 8-1. 

TABLE GW 8-1 

TIME INTERVALS FOR TIME-DRAWDOWN DATA COLLECTION 

Tme After 
Purnplng Started 

Tune 
Intervals 

1 - 2 mmutes 

2 - 5 mrnutes 

5 - 15 mmutes 

15 - 50 mmutes 

50 - 100 mmutes 

100 - 500 minutes 

500 - lo00 mmutes 

IO00 -5ooo minutes 

5000 - end 

16 seconds 

30 seconds 

1 minute 

5 mrnutes 

10 mmutes 

30 mmutes 

1 hour 

4 hours 

1 day 
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A stepdrawdown test (Drrxoll, 1986) IS used to assess well performance under wnd&ons of 

turbulent flow Also, the data obtamed from a stepdrawdown test can be used to determme the 

speafic capaaty of a well This mformauon can be used to select the optrmum pumplng rate and 

pump-settmg depth for a constant-rate hscharge test Transmlssivlty and storatimty values for the 

aqwfer can be assessed from tune-drawdown and dstance-drawdown graphs plotted from data for 

the first step, and/or for any other step together wth data for the prccedmg steps (Birsoy and 

Summers, 1980) 

Once the pump has been installed m the production well, and the dscbarge control equpment. flow 

meter, pressure transducers, and other previously mentioned equlpment have been mstalled, static 

water levels at each of the production and observahon wells wdl be collected and recorded After 

t h s  has been performed, the data logger wll be programmed, pre-test water level data recording 

mhated, and the test IS ready to begm 

I 

During a stepdrawdown test, the produrnon well wll be pumped at several successlvcly lugher 

pumplng rates d u q  wtuch tune-drawdown data wd be collected for each rate, or step Generally, 

a stepdrawdown test should be completed wthin one day, however, m matenals of low hydrauhc 

conductmty, effects due to well bore storage may signficantly lncrease the time requred to 

complete the test The pumping tunes for each step of the test wdl be the same (appronmately 0 5  

to 2 hours rn duration) m order to simpirfy calculations Dunng the performance of these tests, 

between three and eight pumpmg steps 4 be used 

Electroruc pressure transducers and a data logger wll be installed ln the production well and the 

observabon wells to record tune-drawdown data durmg both the pumplng and recovery phases of 

the test In addition, hand measurements wdl be collected as backup data i n  addition to collection 

I ( 4 0 1 1 - 9 Z M l ~ \ ( G W J R E V  l)(OS/OS/92) 
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of me-drawdown data, flow rate data also WIU be collected The dormation collected durmg the 

durauon of ths test wdl be recorded on the data sheet provlded 111 Appendu GW& 

533 Constant-Rate Discharge Tests 

A constant-rate &charge test, w~th one or more observation wells, can be used to assess the 

drawdowns m a well at future tunes and drfferent &charges, the radms of the cone of duence  for 

mdmdual or multipIe wells, as well as the transmlsslvlty and storativlty of the aqder  The pumplng 

rate to be mamtamed for the duratron of the test, the pump-settmg depth, and the test duratron wdl 

be determrned prior to commencement of a constant-rate &charge test 

Once the pump has been installed IZI the produchon we4 the &charge control equipment, flow 

meter, pressure transducers, and other prevlously mentioned eqmpment are mstalled, statx water 

levels at each of the production and observation wells wdJ be collected and recorded After thls has 

been performed, the data logger vnll be programmed, pre-test water level data recordmg rrutlated, 

and the test is ready to begm 

The pump belng ut- for the pumping test wtll becpn pumping at a prevlously determmed tune 

In order to sunpllfy calculations, the tune in which the test commences should be on a ten-mmute 

rnterval The data logger wdl be set to b e p  collectmg data just before or at the same tune the 

pump b e p  pumprng Once the pumprng test be- hand collected tune-drawdown measurements 

d begm These measurements should begm at the produchon well and conmue at the 

observation wells m a pattern that d allow for the most rapid collection of data from well to well 

The tune for collectmg hand measurements should follow the tunes prowded 111 Table 1 as closely 

as practicable 

D u r q  the pumping test, the flow meter wll be momtored regularly to ensure that a constant flow 

rate IS berng mamtaxned In the event that a constant flow rate IS not bemg marntuned, adjustments 
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to the pump, power source, or &charge control eqmpment may need to be performed. Flow rates 

WIII be momtored at regular trme lntervals throughout the duration of the test, wth the tune 

mtervals bemg small at the be- of the test Records of flow rate versus tune and tune- 

drawdown data Vnll be mamtamed throughout the durabon of the test 

M e r  completion of the pumpmg test, recovery data wdl be collected The procedures for data 

collection durmg the recovery phase of the test wrll be identical to those preformed durmg the 

pumpmg phase of the test The dormation collected d m g  the duration of ths test wdl be 
recorded on the data sheet provlded III Appendur GW 8A 

I 

- 5 4 METHODS OF ANALYSIS 

For each aqulfer pumpmg test, the analytical solution wd be consistent wth the condtions at the 

test site, the dormation desired, and the test design The project hydrogeologtrt wdl be responsible 

for choosmg the analytical method and mterpretmg the test results The methods used may mdude 

those presented m the pubbhed hterature presented in Section 4 0 

AnaIyticaI solutions of pumping test results are based upon the type of flow encountered d m g  the 

test and the type of aqulfer being tested Ths section wd1 first discuss analytical methods €or 

analyvng pumpmg test data wth steady-state flow condrtions, and followed by transient analytical 

solutions These solutions are further subdivlded according to aqufer type 

5 4.1 Steady-State Solutions 

5 4 1 1 ConfinedlUnconfined Aauifers 

The most wdely used solution IS based upon the Thiem equation (Lohman, 1979) Two different 

forms of the R e m  equation are avadable One IS to be used for confined aqulfers and one for 

(401 l9BOlsgsaO)(OWFSV 1 )(M/o6/92) 
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5 4 2  

5.42.1 

uncoufined aqwfers If the aqwfer 1s unconfined, the drawdown should be adjusted us~ng the Jacob 

(1%3) method (Walton, 1970) 

where sa - - drawdown that would occur m an equivalent non-leaky 
confined aqwfer (ft), 

s, - - observed drawdown under water table condmons (ft), 
and 

m - - mhal saturated thckness of the aqrufer (ft) 

Transient Solutions 

Because transient analytical solutions consider aqulfer storage, the analytical solutions can yeld 

d u e s  for spedic yeld or storatinty 

Confined Non-Leah Aauifen 

TransmlssiMty and storatiwty can be determmed mth the Thels (1935) solution usmg data drawn 

h m  plots of drawdown versus tune on log-log paper Curve matdug techniques wth a type-curve 

(avadable m Lohman, 1979) render values of time (T), dimensionless tune (u), drawdown (s), and 

dimensionless drawdown [w(u), well function of u] which are then used to solve for values of 

hydra& parameters Assumptions for the use of ths solution are as follows (Lohman, 1979) 

The aquifer LS homogeneous and isotropic, 

The aqufer is infimte 111 areal extent, 0 

Water is released from storage instantaneously wth dechne in head, 
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The aqwfer IS of d o r m  thckness over the area influenced by the aquder test, 
0 The &chargmg/mjectmg well m a m m  a constant ctscharge rate, .. 
0 The dmhargmg/mjectmg well 1s fully penetramg; and 

The potenhometnc/phreatic surface IS hormntal pnor to pumpmg 0 

Corrections are avadable to compensate for vlolations of some of these assumptions (Kruseman and 

De Ridder, 1983), mdudmg corrections fur partial penetration, barometric pressure fluctuations, 

and well-bore storage 

The Thels method also can be apphed to andpng recovery data (Jacob, 1963) The solution 1s 

dcnved by using unage well theory and supenrnposmg an mjection well upon a dwchargung well A 

semi-log plot of draw-down versus t/t’ (where t = tune since pumpmg began and t’ = time smce 

recovery began) yields a stratght line through the origm (assuming storage E the same for pumpmg 

and recovery) Transmissivlty is determined from the slope of the h e  (Kruseman and De Ridder, 

1983) 

If the value for dunensionless tune, u, is less than or equal to approxlmately 0 01, the Cooper and 

Jacob (1946) stratght line method 1s vahd A semi-log plot of drawdown versus tune ylelds a 

stratght h e  for later time values The slope of the h e  and its extension to mtcrcept wth ztro 

drawdown can be used to solve for transmissimty and storativlty respectively 

If three or more observation wells have been mstalled at dlfferent duections from the pumpmg well, 

and the aqder IS of suffiaent homogeneity, then duectiond hydrauhc conductivlty may be obtamed 

from the analysls of the tune-drawdown data The dlrectional hydrauhc conductivlty may be 

obtamed by the method described by Papadopulos (1965) 

(401 1-9BOI6&9~)(GW8REV 1)(05/06/92) 
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5.422 Confined L,eaQ Aaurfeq 

There are many solutions avadable for leaky confined aqwfers (Kruscman and De Ridder, 1983) 

Lohrnan (1979) dscusses the Hantush (1955) and Cooper (1%3) method, whrch docs not consider 

storage LII the confinlnP umt, and the Hantush (1960) method wbch docs consider c o n f ~  unit 

storage. Standard curve m a t h ,  t e b q u e s  are used to solve for transmssimty and storatmty 

If codhung umt thckness o known, the Hantush-Jacob (1955) method wdi yeld vert.ml hydraulic 

conducbmty in the codmng umt 

5 4 2 3  y- 

Unconfined aqwfers subjected to pumpmg go through three &tract phases (Freeze and Cherry, 

1979) D w g  early stages of pumping, the response of an unconfined aqutfer wdl resemble that 

of a confined aqwfer due to the expansion of water and compaction of the aquger The second 

phase shows the effect of gravlty dramage Tune-drawdown curves wdl &play a decreased slope 

due to the delayed yeld response of unconfined aqlufers Durmg the thud phase, tune-drawdown 

curves wd agam resemble the Thels-type curve 

The The& type-curve may be used for early and late pumpmg test data However, storage 

parameters calculated during the early stages of pumping tests may be I I ~  the range for that of 

anfined aqulfers and must not be used to prehct long term drawdowns (Pnckett, 1965) Boulton 

(1963) p e s  a curve that allows the estunatlon of the tune at wbch panty effects are negltgrble and 

the Thels type-curve may be used to match late pump test data The storage parameter calculated 

wth ths later data can be used to predxt long-term effects of aqulfer pumpmg (Pnckett, 1%5) 

Boulton (1963) and Pnckett (1%5) have developed methods of a n d m  pumpmg test data subject 

to delayed yeId Famihes of delayed yeld type-curves based upon Boulton’s method are avadable 

m Lohman (1979) wth whch standard type-curve matchmg techruques are used 

(401 19WIWQ)(GWBRM l)(W/W/92) 
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5.4.2.4 Fractured Rock Aauilen 

Avadable methods for mterpretmg pumpmg tests in fractured (fmured) aqwfers have been 

summanzed by Gnngarten (1982) These pumping test analyss methods are usually based upon 

soluclons for an "eqwvalent" porous media aqder, which attempt to relate the actual fractured 

aqufer behavlor to that of a known theoret.mil model, homogeneous or heterogeneous, of lower 

complexity The double-poroslty concept may be apphcable to the types of fractured aqwfers whch 

may be encountered at the RFP Ths concept IS a possible analysls tool for fractured aqders In 

double-porosity aqders, the fractures and rock m a m  blocks form a dual system for transmrttmg 

water, wth the fractures hamg a hgh hydraulic conductmy and low storatiwty and the rock m a w  

havlng a low hydradc conductivlty and hgh storativlty 

Both confined and unconfined type-curve models may be used to analyze pumpmg test data from 

fractured aqlllfers For double-porosity analyses, the type curves gwen by Boulton (1%3) for 

delayed yeld are identical to those correspondmg to the tme-drawdown curves for a confined, 

double-porosity fractured rock aqlufer (Gnngarten, 1982) and may be used to a n a l p  the fractured 

aquder In t lu  case the flwd released from the fractures occurs fast, wth the flwd released from 

the rock matm appearmg as "delayed" ycld 

5 4 2 5  Conclusions 

For each pumpmg test performed, the analytical solution wdl be consistent wth the condmons at 

the test site, the dormahon desaed, and the test design The project hydrogeolopt wdl be 

responsible for choosmg the analytical method and interpreting the test results 

Many addtional methods to analyze aquifer tests are avadable It IS recommended that more than 

one method be used to analyze each aqlufer test Thls 4 allow cornparson of values for Merent 

methods since no two methods WLU yeld the exact same results To a d  m analysls, several 

(401 192041WaO)(GWBREV 1)(05/06/92) 
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commonly used analpcal methods have been outbed m Appendur GW8B along wth the 

references from whch they were obtmed Methods that assume that an aqwfer IS codbed may 

be used when analymg UnconGned aqufer test data, however, corrected drawdowns must be used 

(Jacob, 1963) A rewew of the reference should be made before analyzmg the pump- test data 

6 0  DOCUMENTATION 

Documentabon for this SOP wdl mdude an aquifer pumpmg test approval form developed to a d  

m successful aqufer pumpmg test desqp Thu form should be completed as a part of the 

procedure for developmg an appropnate aqurfer pumping test design and IS attached as Appcndm 

GW 8C Once the aqlufer pumping test approval form IS completed, it must be rewewed approved 

by the EG&G Project Manager pnor to the start of the aqwfer pumpmg test 

(401 1-9M4168-41o)(GWBRM l)(aS/O6/92) 
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f AQUIFER PUMPING TEST ANALYSIS 
THIEM STEADY STATE METHOD 

WELL # 
HYDROSTRATIGRAPHIC UNIT 
SCREENED INTERVAL ft to ft 

Reference Lohman (llw9) 

Assumpb0ns 0 Those h t e d  m reference 
0 Steady state flow 

K = hydraullc conductmty (L/T) 
T = tran~mmiwty (L2/T) 
r, = dstance from pumplng well to momtorrng well +1 (L) 
r, = dstance from pumpmg well to momtormg well X2 (L) 
h, = water level m momtormg well #1 (L) 
h2 = water level m momtorrng well #2 (L) 
s, = drawdown m momtonng well #l (L) 
s, = drawdown m momtomg well #2 (L) 
b = Aqlllfer thdmess (L) 

- 
UNCOFJFINED AQUIFER 

CONLlNED AQUIFER 

(4011 92041&920)(GU" 1)(05/06/92) B-2 



s&ElFER PUMPING TEST ANALYSIS 
CURVE MATCHING METHOD 

r 
- -31 reference 
--Leaky Aqder 

-Q=u Q 
-0 e to molutomg well (L) - 
33zz - = &/4*T*t (Dmenslonless) 
-Dimensionless) 

I- -_ 

(Dmensionless) 

B-3 



AQUIFER PUMPING TEST ANALYSIS 
THEIS RECOVERY METHOD 

WELL x 
HYDROSTRATIGRAPHIC UNIT 
SCREENED INTERVAL €t to ft 

Reference Kruseman and De Ridder (1983) 

Assumptions Those h t e d  m reference 
Confined non-leaky aqlufer 

0 CoeBEiuent of storage 1s the same for pumpmg and recovery 

s = drawdown m morutomg well (L) 
t = tune smce pumpmg began (T) 
t’ = tune smce recovery began (T) 
T = transmlssimty (L2/T) 
ds = drawdown over one log,, cycle of t/t’ (L) 

(401 !-9aM)1669201(GWBREV I)(m/06/92) B-4 



AQUIFER PUMPING TEST ANALYSIS 
COOPER AND JACOB METHOD 

WELL # 
HYDROSTRATIGRAPHIC UNIT 
SCREENED INTERVAL ft to ft 

Reference bhman (1979) 

Assumptions Those kted rn reference 
e u s o 0 1  
e Confined non-leaky aqlufer 

s = drawdown m momtormg well (L) 
ds = change m drawdown for correspondmg change rn tune (L) 
t = tune smce pumpmg began (T) 
dt = change m tune for correspondmg change m drawdown (T) 
to = tune at whch drawdown IS 0 - from extrapolation of straght h e  through the X mterccpt (T) 
r = htance from pumpmg well to momtormg well (L) 
r,, = &stance from momtormg well at whch drawdown 1s 0 - from extrapolahon of strarght h e  

T = transmlssivlty (L2/T) 
S = storatimty (Dunensionless) 
t( = dunensionless parameter = &/4*T*t (Dunensionless) 

* 

through the X rntercept (L) 

"r" IS CONSTANT 

Caecku r o o 1  

"t" E CONSTANT 

(LZ/T) - T =  - 2 3 0 0  - 
2nds/dlog,,r 

Chechu s 001 

s = 225T(t/I),= (Dimensionless) 

u = &/4*T*t = - (Dunensionless) 

s = 225T(t/?),= (Dimensionless) 

u = &/4*T*t = (Dimensionless) 

B-5 



AQUIFER PUMPING TEST ANAL+YSIS 
COOPER METHOD FOR CONFINED LEAKY AQUIFERS 

WELL+ 
HYDROSTRATIGWHIC UNIT 
SCRFSNED INTERVAL ft to ft 

Reference hhman (1979) 

Assumptions ' Those b e d  in reference 
Confined leaky aqder 

s = drawdown in momtonng well (L) 
t = tune mce pumpmg began (T) 
r = dtrtance from pumpmg well to momtomg well (L) 
S = storatiwty (Dunensionless) 
T = transmls~ivlty (L2/T) 
K' = vemcal hydra& conducbwty of cod ing  mt (L/T) 
b' = thickness of confinrng u t  (L) 
u = dunensionless parameter = &/4*T*t (Dunensionless) 
v = CLmenslonless parameter = r/2(K'/bT)'/' (Dunemonless) 
L(uy) = Leakance function of u and v (Dunemonless) 

MATCH POINT 

Q =  (L3/T) 
u =  (Dunensionless) 
L(u,v) = (Dunensionless) 
v =  (Dun ensionless) 

t =  m 
s =  (L) 

T = Q*L(u,v)/~xs = (L2/T) 

K' = (4Jb'*T/I = (LP) 
s = W€*ul?  = (Dunensionless) c 

B-6 
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APPENDIX GWSC 
AQUIFER PUMPING TEST APPROVAL FORM 

DATE PROJECT NO 
SUBCONTRACTOR 
GEOLOGIST/ENGINEER 
LOCATION 
HYDROSTRATIGRAPHIC UNIT TYPE OF AQUIFER 
DESCRIPTION OF AQUIFER AND ITS SHAPE 

ESTIMATED/ASSUMED HYDRAULIC PARAMETER DESIGN VALUES 
K ( L P )  source 
K (Lrn source 
S (Dunenslodes) source 

Sat Thckness (L) source 

Q (L3rn Source 

DEVELOPMENT METHOD 
CRITERIA USED TO DETERMINE WELL IS DEVELOPED ADEQUATELY 

Rtadw 1 Readin9 2 R e a d i n L  
Temperature (“C) 
pH (std uts)  

Spedic Conductance (US/-) 

ATTACH WELL COMPLETION DATA SHEET FOR PUMPING AND OBSERVATION WEUS 

PUMPING RATE (L3m 
MAXIMUM DISTANCE OF OBSERVATION WELL (0 1 FT DRAWDOWN) (L) 
TIME AFTER WHICH AFFECT OF WELL BORE STORAGE IS NEGLIGIBLE ~ (TI 

(TI DURATION OF EFFECTS OF DELAYED YIELD 
PARTIAL PENETRATION EFFECTS 
SOLUTION METHOD 
VIOLATIONS OF ASSUMPTIONS 
OTHER 

APPROVED 
EG&G PROJECT MANAGER 

c-2 


