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PURPOSE AND SCOPE

Thus standard operating procedure (SOP) descnibes procedures that will be used at Rocky Flats to
measure water levels in wells and piezometers at the Rocky Flats Plant (RFP) Water level data can
be obtamed from wells, piezometers, or from surface water manifestations of the groundwater

systems such as springs, lakes, and streams

Groundwater level measurements will be recorded to the nearest 001 foot and the accuracy of
repeated measurements will be wathin 0 05 foot Each well wall have a permanent, easily identified
measurmng pomt (MP) from which the water level measurement 1s taken For the purpose of this
SOP, the MP 1s defined as the surveyed point notched on the inner polyvinyl chlonde (PVC) casing

from which water levels wall be measured

This procedure describes various acceptable methods for measuning water levels in wells and
piezometers which will meet regulatory gudehnes of accuracy Ths procedure 1s intended to be
sufficiently detailed so that conformance will result mn rehable data which are collected mn a

consistent manner
RESPONSIBILITIES AND QUALIFICATIONS

All personnel performing these procedures are required to have 40-hour OSHA classroom trammng
which meets the Department of Labor requirements 29 CFR 1910 120(¢)(3)(1) Personnel are also
required to have a complete understanding of the procedures described within this SOP and receive
specific traiming regarding these procedures, as requred For example, personnel who do not have
prior experience wn the use and cahbration of electric sounders will be given oral nstructions and

field demonstrations on the use of this equipment

(4011 920-0094-920)(GWIREV.2)(03/01 /92)
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Only qualified personnel will be allowed to perform these procedures Required quabfications vary
depending on the activity to be performed. The subcontractor’s project manager will document
personnel qualifications related to this procedure 1n the subcontractor’s project QA files

REFERENCES
SOURCE REFERENCES

The following 15 a list of references reviewed prior to the wniting of this procedure

A Compendium of Superfund Field Operations Methods EPA/540/P-87/001 December 1987

Freeze, R Allen and John A Cherry Groundwater Prentice-Hall, Inc Englewood Chffs, N.J
1979

Gudance for Conducting Remedial Investigations and Feasibibty Studies Under CERCI.A Interim

Final October, 1988

National Handbook of Recommended Methods for Water-data Acquisiion Department of the

Intenor 1977

RCRA Faclity Investigation Gwidance Interim Fimal May 1989

RCRA Groundwater Monstoring Technical Enforcement Gwidance Document OSWER-9950 1,

September, 1986

The Environmental Survey Manual DOE/EH-0053 Volumes 1-4 August 1987

(4011-920-0094-920)(GWIREV.2)(03/01 /92)
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Related SOPs cross-referenced by this SOP are as follows

. SOP FO.3, General Equipment Decontamination
. SOP GW 6, Groundwater Samphing

METHODS

Field measurements typically include depth to standing water and the total depth of the well Water
level measurements will be recorded to the nearest 0 01 foot as specified by the RCRA Guidance
Document The method will also be adequate to attain an accuracy of 005 foot In addition, the

following conditions must be considered 1o order to obtain acceptably accurate groundwater level

measurements
. A survey mark wll be placed on the inner PVC well casing for use as a permanent
measuring pomt (MP) This will be done by notc the mner well casing with a
file
. Water levels in piezometers will be allowed to stabilize for a mmmmum of 24 hours

after well construction and development, prior to measurement Water levels
require varymg time periods to reach static conditions in new wells, therefore, the
date and time of construcion will be noted along with the itial water level

measurement, and the date and time of the imtial water level measurement

. Water level in existing wells should be measured prior to purging and sampling

activiies

(4011 920-0094-920)(GWIREV 2)(03/01 /92)
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only a few days If some of these wells are slow recharge wells, water levels may
not be representative of static conditions In order to prevent a misinterpretation
of static water levels due to this scenario, the date of the last sampling or well

purging event will be documented 1n the water level measurement database

. Static water levels will be measured with electric sounders If non-aqueous phase

hquds are potentially present, an interface probe will be used

SURVEYING THE MEASURING POINT

Each well must have a permanent, easily identified notched MP on the north side of the mnner PVC
casing from which the depth to water 1s consistently measured The MP should be established by
a hcensed surveyor and typically 1s located and marked at the top of the inner well casmg The MP
should be established 1n relation to an estabhished benchmark such as those provided by the U S
Geological Survey and/or a National Geodetic Vertical Datum (NGVD) The survey will also note

the well location coordinates and the coordmates of any temporary benchmark

For consistency, water level measurements must be referenced to the same datum or elevation The
MP 1s surveyed with reference to land surface datum (LSD) and must be used each ume water Ievels
are taken 1n a well The MP 1s used so that water levels can be converted to water level elevations,

expressed 1n mean sea level (MSL) elevation

The MP must be as permanent as possible, clearly defined, marked, and easily located If at all
possible, position the point so that a leveling rod can be set on it directly over the well and the

measuring tape can hang freely when it 1s in contact with the MP

(4011 920-0094-920)(GWIREV 2)(03/01 /92)
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A reference pomnt (RP) for water level measurements 1s an additional datum elevation established
from a permanent benchmark and surveyed by a licensed surveyor The RP 1s usually located on
the top of the outer steel casing and 1s used as a backup to the MP If a MP 1s disturbed or
destroyed the RP will be used to establish a new MP.

DETERMINATION OF IMMISCIBLE LAYERS

Currently, no known historical evidence exists to mdicate that immiscible layers (1 e., dense or hght
non-aqueous phase hquids) are present in the RFP groundwater Observations of the tops and
bottoms of the water columns 1 wells have not shown the presence of non-aqueous immiscible
phases However, because the potential may exist for the presence of immiscible organic compounds
at some locations, procedures have been estabhshed to detect the presence of these compounds and
to sample them, if present The first step 1 this process 1s the determination of a positive response
using the orgamic vapor analyzer mn the well bead, and then the determimation of the presence and

thickness of any hght/dense non-aqueous hquuds by use of on interface probe

In the areas where a potential may exist for non-aqueous phase organic hquds, this procedure wall
be implemented along with the measurement of static water clevations 1 each well prior to each

sampling event
Use of Interface Probe to Detect Immiscible Layers and Measure Static Water Levels

Follow the manufacturer’s instructions for utihzation of the interface probe As with other water
level measurements, the probe will be sufficiently precise to measure water levels to the nearest 0 01
foot and the accuracy of repeated measurements must agree within 005 foot When lowering the

probe, care will be taken to mmmize rubbing of the tape against the well casing

(4011 920-0094-920)(GWIREV.2)(03/01/92)
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Typically, the interface probe will have differing sound tones or patterns to distinguish between
aqueous and non-aqueous orgamc layers When measunng the depth to aqueous or non-aqueous
phases, results will be recorded to the nearest 001 foot Results will be measured from the

appropnate MP on the mnner well casing

Due to the difficuity in decontamination of the interface probe after passing through a non-aqueous
orgamc phase, the interface probe wll not be used to measure total depth to the bottom of the well
when hght non-aqueous phase liquds (LNAPLs) are present Instead, a steel tape will be utilized

The procedure for use of the steel tape 1s given m Section 5.3 2

Wells containing LNAPLs will be checked for the presence of dense non-agqueous phase hquids
(DNAPLs) by lowering the purge pump to the bottom of the well and collecting the first purge water
from the bottom of the well in a 1-lter glass contammer The contamner will be mntially checked with
an organic vapor analyzer (OVA) for the compared background readings The hiquid 1n the glass
container will be allowed to stand for 15 minutes and visually observed for the presence of separate
pbases If no DNAPLs have separated out of the solution after 15 minutes, the well will be
presumed free of DNAPLs

The nterface probe will be moved up and down to locate the pont where the appropnate indicator
tone or sound 1s reproducible obtained Measurements from three consecutive readings must not
differ more than + 005 foot or three more consecutive readings must be taken The three readings
will be taken by two different individuals, with one person typically taking the first and third readings
and another individual taking the second reading An average of the reproducible readings will be
utilized for the determnation of the water level Once the water level has been determuned and
recorded, the probe will be carefully retrieved, to ensure mimmal rubbing of the tape aganst the
mside well casing The probe and cable will be decontaminated between use at each well following

procedures given 1n Section 6 0 and SOP FO.3, General Equpment Decontamination

(4011 920-0094-920)(GW1REV.2)(03/01 /92)
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If exther hight or dense non-aqueous phase hquds are found to be present, the well will be sampled

for these contaminants as described n SOP GW 6, Groundwater Samphng

INSTRUMENTS AND ASSOCIATED WATER LEVEL MEASUREMENT TECHNIQUES

Water level measurement instruments are used to determine the water level in boreholes, wells, and
other open underground structures Generally, outside power sources are not requred to operate
these devices However, many require that batteries be replaced or recharged penodically

Measurements may be made with a number of different dewices and procedures

Subsection 5 3 1 describes the use of electronic devices 1n water level measurement Subsection 532
describes the use of the steel tape 1n measuring water levels Electronic well sounding devices are
preferred for use at the Rocky Flats Plant Site  Typically, steel tapes will only be utiized for
measuring the depth to the bottom of well when LNAPLs are present The use of the steel tape in
wells contaimng LNAPLs will help ensure that the nterface probe and other electronic water level
measuring devices do not become grossly contaminated and will thus aid in the prevention of cross-

contamination
Electric Water Level Sounders

Typically, a solinst water level sounder will be utihzed for measuring groundwater levels at the RFP
Before lowering the electric sounding probe into the well, the circuitry can be checked by dipping
the probe in clean water and observing the indicator Contact with the water surface will be
mdicated by an audible tone The probe will be lowered slowly into the well until contact with the
water surface 1s indicated The electric tape 1s marked at the MP and partly withdrawn, the distance

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

reading to obtain the depth to water Three readings will be taken by two different individuals with
one person typically taking the first and third readings and another individual taking the second

(4011-920-0094 920)(GWIREV.2)(03/01/92)
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reading If the three measurements do not agree within 0 05 foot, continue to measure until the
reason for the lack of agreement 1s determined or until three consecutive readings are shown to
agree within 005 foot An average of the reproducible readings will be utihzed for the

determmation of the water level

Electric sounders are recommended for measuring the depth to water in wells that are being
pumped because they generally do not require removal from the well for each reading However,
if o1l 1s present in the well, if water 1s cascading into the well, or if the water surface extubits
turbulent behavior, measuring water level with the electric sounder may be difficult Oil not only
mnsulates the contacts of the probe, but it will also give an erronecous reading if there 1s a
considerable thickness of ol As discussed previously, if an LNAPL 1s present a steel tape will be
utilized for measuring the total depth to the bottom of the well

When od 1s present, it may be necessary to determine the thickness and density of the oil layer
before calculating the true water level Methods for determining the thuckness of a floating

mmiscible layer, including oil, are discussed in Subsection 521

Graduated Steel Tape

Graduated steel tapes will normally only be used for determination of the total well depth for wells
contaming LNAPLs The graduated steel tape method 1s considered an accurate method for
measuring the water level 1n nonflowing wells (National Handbook of Recommended Methods for
Water-Data Acquisition, 1977, pp 2-8) A slender weight wall be attached to the end of the tape to
create tautness and to permut some feel for obstructions The bottom two or threc feet of the tape
1s coated with carpenter’s chalk The tape will be lowered to the bottom of the well and the tape

read from the MP on the inner well casing

(4011 920-0094 920)(GWIREV.2)(03/01/92)
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Before and after each well measurement, that part of the tape measure, that becomes wetted wll
be decontamimnated Decontamimnation procedures are discussed i Section 60 of thus SOP,

Decontamination, and 1n SOP FO 3, General Equipment Decontamination
DECONTAMINATION

Extraneous contaminant matenals can be introduced nto the water or soil at a site during water
level measurements Trace quantities of contaminant matenals thus transported may later be
captured 1 a sample and lead to false positive analytical results and, ulumately, to an incorrect
assessment of the contaminant conditions associated with the site Decontamination procedures for
water level measurement equipment and for the personnel who use the equipment are performed
for the dual purposes of minimizing cross-contammation and of providing a safe and healthy working

environment

Equipment should be constructed of stainless steel, Teflon™, or other mnert matenals that have been
approved by EG&G Equpment will be decontamimated after use at each well Procedures for
decontamination are set forth imn the site-specific health and safety plan and SOP FO 3, General

Equipment Decontamination
QUALITY ASSURANCE/QUALITY CONTROL

The frequency of measurements depends on the objectives established m the Work Plan or the FSP
for a given project and the accuracy desired 1n measunng changes in water level The Work Plan
or FSP outhnes objectives for which water level data will be used, and the frequency of
measurements will be guided by the accuracy of changes 1o water level needed to meet these

objectives

(4011 920-0094-920)(GWIREV 2)(03/01 /92)
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All data will be recorded on a Water Level Measurement Form (Section 9 0) before leaving the well

site
The electronic sounders will be calibrated guarterly by following the manufacturer’s mnstructions or

by suspending the sounder and measuring it aganst a calibrated steel tape if no other calibration
mnstructions are supphed Results wall be recorded on the Water Level Indicator Calibration form

80 DOCUMENTATION
A permanent record of the implementation of this SOP will be kept by documenting field
observations and data. Observations and data will be recorded with black waterproof ink onto a
Groundwater Level Measurements/Calculations Form

The following information should be recorded for each observation-well site

. The RFP Project Number

. The date and time of the water level measurements
. The names of personnel performing the measurements
- The equpment manufacturer, model, and senal number
. The name of the QC reviewer and the date of the QC review

Individual measurements are entered onto the Groundwater Level Measurements/Calculations

Form as the measurements are performed The information 1s recorded as follows

1 Record well number 1n the first column

2 Measure and record the depth to water from the measuring pomnt 1n the second
column (WD) The measurement will be taken a total of three times by two

(4011-920-0094.920)(GWIREV.2)((3/01/92)
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different individuals, with one person typically taking the first and third readings
and another individual taking the second reading Measurements from the three
readings must agree within 005 foot If the three measurements do not agree
within 0 05 foot continue to measure until the reason for the lack of agreement 1s
determined or until three consecutive readings are shown to agree within 0 05 foot
An average of the reproducible readings will be utiized for the determination of

the water level

3 Measure the total depth of the well from the MP and record this value i column
three (MTD) The measurement will be taken a total of three times by two
different individuals, with one person typically taking the first and third readings
and another individual taking the second reading Measurements from the three
readings must agree within 005 foot If the three measurements do not agree
within 0 05 foot continue to measure until the reason for the lack of agreement 1s
determined or until three consecutive readings are shown to agree within 0 05 foot
An average of the reproducible readings will be utiized for the determmation of
the total depth

4 In some devices the length of the probe end may not have been taken into
consideration when marking the measuring tape In this case the length of the
probe end will need to be added to the measured total depth in order to determine
the total depth of the well from the MP Record the length of the probe end mn

column four (Probe end)
5 Determimne the total depth of the well from the measurning pomnt by adding the

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

value 1 column four (TD)

(4011-920-0094-920)( 5 WIREV 2)(03/01/92)
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6 In the blank marked "Chk’d by," record the imtials of the individual who checks the
calculation done 1n Step 8

7 In the "Comments" section, record weather conditions and comment such as

significant features or activities near the well that could affect the water level

(4011-920-0094-920)(GWIREV 2)(03/01/92)
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MEASUREMENTS/CALCULATIONS
ROCKY FLATS PROJECT Revision 12
Project No
Date
Personnel 1
2
EQUIPMENT Manufacturer Model Sernial No
CALIBRATION Date Passed Date Due
QC REVIEW Name Date
Well No
WD* MTD® Comments
Measurement 1
|_Measurement 2
‘ Measurement 3
+ -
Average WD Average MTD Probe End* ™ Chk’d by
g
Well No
WD" MTD*® Comments
| _Measurement 1
Measurement 2
Measurement 3

TD*
Well No
wD* MTD® Comments

Measurement 1

Measurement 2

Measurement 3

+ -
Average WD Average MTD Probe End* D Chk’d by
Footnotes Notes
TOWC = top of well castng s All are fel to Mark Pomt (MP) = north sude of TOWC
WD = depth to water from MP e  QC review by supervisor » a chock of reasonablences
¢ Measurements 1 and 2 must be withm 01 fi or 2 3rd measurement must be aken

Rt e
- measurmg point on p.
total depth of well from MP
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20 PURPOSE AND SCOPE
Thus standard operating procedure (SOP) describes procedures that will be used at the Rocky Flats
Plant (RFP) to develop new and redevelop pre-exising momnutoring wells
3.0 RESPONSIBILITIES AND QUALIFICATIONS
All personnel performing this procedure are required to have 46-hour OSHA classroom tramning
which meets Department of Labor regulation 29 CFR 1910 120(e)(3)(1) In addition, all personnel
are required to have a complete understanding of the procedures described within this SOP and
,,_g have recewved speafic traiming regarding these procedures
4.0 REFERENCES
4.1 SOURCE REFERENCES

The following 1s a hst of references reviewed prior to the writing of this procedure

& Compendium of Superfund Ficld Operations Methods EPA/540/P-87/001 December 1987

dance for Cond g Ren al Investigats Al as } RCLA Interim

Final October 1988

RCRA Faality Investigation Gwidance Intenm Final May 1989

99501 September 1986

(4011-920-0109-920) (GW2REV 2)(03-02-92)
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Related SOPs cross-referenced by thus SOP are as follows
. SOP GT 6, Momtoning Well and Piczometer Installation
. SOP FO.3, General Equipment Decontamination
. SOP FO.5, Handling of Purge and Development Water
. SOP FO 15, Use of PIDs and FIDs
. SOP FO 16, Field Radiological Measurcments
. SOP GW 1, Water Level Measurements in Walls and Piczometers

50 PROCEDURES FOR MONITORING WELL DEVELOPMENT AND REDEVELOPMENT

Monitoring well development 1s the process by whach the well dnlling fluds and mobile particulates
are removed from within and adjacent to the newly installed wells  This process can also be used

to remove sediment or other bwilt-up matenal from an older well The objective of a completed

well development activity 1s to provide groundwater wnflow that is as physically and chemucally

representative as possible of the aquifer that 1s open to the piezometer or well

&3 MATERIALS AND EQUIPMENT

The following 1s a hst of well development and associated equpment

. Stawnless steel or Teflon® bailer
. Mechanical reel equipped with a stanless steel cable

. Inertial pump
. Water quality test kit (pH, SC, T, and turbidity)

= . Wash/Runse tubs

(4011-920-0109-920) (GW2REV.2){03-02-92)
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. Clear plastic sheeting or vinyl sheeting which may be decontaminated.
. Dasposable latex or winyl gloves
. Nonphosphate, lab detergent (¢ g., Liquinox)
. Containers for development water (secc SOP FO.5, Handliing of Purge and
Development Water)
. Water level probe - sufficiently accurate to measure water levels to the nearest
001 foot
. Weighted tape measure - suffiaently accurate to measure depths to the nearest
010 foot
. Distilled water
. Field book and ficld forms
. Health and safety equipment
. Orgamc vapor detector (OVD)
. Calculator
52 PROCEDURES
521  Well Development Procedures for New Wells

Perform the development as soon as practical after well installation, but no sooner than 48 hours
after grouting and pad installation 1s completed These new wells will be developed utihizing low-
energy methods The equpment of choice for well development is an mertial pump or bottom
discharge/filing baler  High-cnergy methods such as submersible pumps, surge blocks,
overpumping, backwashing and well jetting will not be used due to the possibility of formation fines
clogging the well screen

All pewly installed wells will be checked for the presence of immuscible layers prior to well
development The method for detecting these layers in momtoring wells 1s discussed in SOP GW 1,

(4011-920-0109-920) (GW2REV .2)(03-02-92)
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Water Level Measurements 1 Wells and Piczometers  If an immuscible layer of 5 mm or greater
has been detected 1 a newly installed well, well development procedures will not continue until the
EG&G project manager has been notified In the case where an immuscible layer 1s not identified,
a water level measurement will be taken according to SOP GW 1, Water Level Measurements, and
well development activities will continue  The water level measurement along with the total depth
measurement will be used to determuine the volume of water in the well casing. Well casing
calculations are presented 1n Subsection 5211 of this SOP

Formation water and fines will be evacuated by slowly lowering and raising the inertial pump or
bader intake throughout the water column The mmertial pump may be placed mside a
decontamunated 1-inch diameter PVC pipe if the pump intake cannot be Jowered to the bottom of
the well The PVC pipe will prevent the mnertial pump mtake from bending prior to reaching the
desired depth  EG&G will determine whether an mertial pump will be dedicated to a specfic well
based on venified organic vapor detector (OVD) readings obtained during the drilling of the well
OVD readings are described m SOP FO 15, Photoionization Detectors (PIDs) and Flame Ionizing
Detectors (FIDs) If a bailer 1s used for well development, 1t wall be used with a mechanical reel
equipped with a stamnless steel cable Development equipment wall be protected from the ground
surface with clear plastic sheeting Development equipment, mcluding bailers and pumps, will be
&econtammnated before well development begins and between well sites according to SOP FO3,

General Equipment Decontamination

Estimated recharge rates will be measured followang the procedures outhned in SOP GW 1, Water
Level Measurements 1n Well and Piezometers Decontamination and development water will be
handled according to SOP FO 7., Handhing of Decontamination Water and Wash Water, and SOP
FO.5, Handling of Purge and Development Water, respectively

(4011920-0109-920) (GW2REV.2)(03-0292)



L

o

WELL DEVELOPMENT

EG&G ROCKY FLATS PLANT Manual: $-21000-OPS
EMD MANUAL OPERATION SOP Procedure No.: GW2, Rev. 2
Page: 6of11
Effective Date: March 1, 1992
Category 2 Organization: Environmental Management

52.1.1 Development Criteria for New Wells

Development shall proceed in the manner described herein and continue until the following are

met

. Removal of a mmimum of five well casing volumes. Typical well casing volume
calculations include

a 2-inch diameter well
016 gal/ft x ___(lnear ft of water) = gallons of water

b 4-inch diameter well
065 gal/ft x ___ (Lhnear ft of water) = gallons of water

c 6-inch diameter well
15 gal/ft x ____ (hnear ft of water) = gallons of water

Graduated containers will be used to measure the amount of water removed

1 If the mmtial water measurment (WLM) indicates water 1s at an elevation
below the screened interval, the well 1s considered “technically dry” for
development purposes Most 1991-1992 wells are constructed with a
sump that 1s approxamately 2 feet deep If a well 1s dry or techmcally dry,
it 1s recommended monthly water level measurements be taken for one
year to check scasonal changes mn the water table If a well remans
consistently dry for one year, it will be subject to quarterly WLMs and
bisted as undeveloped. A well will be developed within two weeks

(4011-920-0109-920) (GW2REV 2)(03-0292)
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following a WLM whuch indicates the well 1s not dry (water covening all
or a portion of the screened nterval)

When a well dewaters during development, deiomized (DI) water may be
added to the well Pnior to the addition of DI water, a recharge rate will
be established using a 10-munute recharge period and extrapolated to a
30-munute recharge peniod If the recharge rate will allow for evacuating
the total volume needed to complete five volumes withun 4 to 6 hours, no
DI water will be added. If this condition does not exist, the following
procedure 1s reccommended The volume(s) of DI water to be added,
heremn known as screened nterval volume(s), 1s calculated using the
following method A screened mterval volume 1s calculated using the
mnterval from the top of the screen to the bottom of the well (TD) Once
this volume 1s determined, it 1s used 1n the following format When a well
dewaters during development prior to evacuating the mummum five
volumes, the number of complete volumes evacuated will be counted and
subtracted from the five volumes The number of volumes remaining wall
be calculated as screened 1nterval and those volumes of DI water will be
added to the well

An effective method for adding DI water is to add one screened interval
volume and begin pumpimng or baiing. If using the Grundfos Pump,
trickle the remaining volumes m at the rate of pumping. This will keep
water flowing across the entire screemng interval to clean it. Keepimng the
water level at the top of the screened mterval by trickhing the remainng
volumes into the well mimmizes the hydrostatic head on the well. Ths
reduces water loss to the formation Some flud Joss can be expected if
any portion of the sand pack 1s dry (irreducible water due to wetabihity of
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the sand) If the well 1s being developed by bailing, add one screcned
mterval and bail down Continue this process until all the nceded
volumes have been added and evacuated Any water loss expenienced
should be noted on the well development form

When a monitoring well has an immtial water column that covers only a
portion of the screened interval but does not dewater prior to evacuating

the five mummum volumes, no DI water will be added to the well.

When the imitial water column 15 greater than the height of the screened
nterval but dewaters prior to completion of development, DI water will
be added according to procedures described 1n 2 above

All wells that measure techmically dry mmtially will be baled dry Thus
procedure will remove or partially remove well construction water and the
first monthly WLM wiall more accurately reflect any groundwater
recharge

. Three consecutive well casing volume measurements of pH, temperature, and
specific conductance are recorded (L.e., consecutive temperatures that are within
1°C, and pH readings that arc within 02 umts) and consecutive conductmaty
readings fall within 10 percent of cach other. The calibration and use of these
field instruments 1s described 1in SOP GW.5, Measurement of Groundwater Field

Parameters

. The goal of monitoring turbidity 1s to obtamn water with formahn turbidity unats
(FTU) withun 10 percent of cach other for three consecutive readings These
readings should also be without a downward trend.

(4011-920-0109-920) (GW2REV 2)(03-02.92)
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. If water 1s used during momtoring well driling, the total fluid added will be

calculated, and five times the flud lost 1n the borehole dunng. dnlling will be
recovered in addition to the five well casing volumes

. The sediment 1n the well has been completely removed. One week after mtial
development, the well will be checked for the accumulation of additional sediment
Any additional sediment will be removed at the time of measurement

. In low-yiclding water-beanng formations, distilled water may be mtroduced nto
the well to facilitate development A volume of water equal to the volume of

- distilled water added to the well must be recovered from the well within 8 hours
9 or 3 times the amount prior to ceasing development actvities (if possible)

522  Redevelopment of Pre-existing Wells
The pre-exasting monitoring wells will be redeveloped in a manner ssmilar to the well development
for new wells  The equpment and procedures used for redevelopment will also be consistent with
the equpment and procedures used for the development of new wells

221 velopmen r ng Well
The cnitena to be followed for redevelopment of pre-cxsting wells wall be

. The removal of sediment inside the well

. K the accumulated sediments cannot be removed, the goal of redevelopment will

bc to obtain stable field paramecters (1ec, consecutive measurements of

M
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temperatures that are within 1°C, pH readings within 0.2 units, and conductivity
wiathin 10 percent) after removing three well casing volumes

. If the above mentioned results cannot be obtained, five well casing volumes wall
be removed and redevelopment stopped

60 DOCUMENTATION

The following well development information will be recorded on the Well Development and
Samphng Form (Form GW 2A) for newly installed wells

‘5 . Well ID and location survey coordinates
. Date(s) of well installation
. Date(s) and time of well development
. Well designation
. Screened interval
. Well stick-up
. Static water level from measuning pomnt
. Total depth from measuring pont

Volume of well casing volume

(4011-920-0109920) (GW2REV 2)(13-0292)
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Quantity of water used during drilling
Depth from top of well casing to top of sediment inside well, before and after
development
Type of pump and/or baler
Field measurements of pH, speafic conductance (SC), turbadity, DO, and
temperature, taken 1n at least half-casing volumes
&Y Physical descnption of removed water throughout development (color and
2 turbidaty)

Quantity of water removed and time for removal (incremental aad total valucs)

The redevelopment of pre-emsting wells will be documented on the Ground Water Re-Development
Log Form (Form GW 2B)

wy 3b

(4011-920-0109-920) (GW2REV.2)(03-02-92)
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U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT Form GW2A

WELL DEVELOPMENT AND SAMPLING FORM

Recorder’s Name and Title

Well ID
Survey location coordinates North East
Date this report Date well installahon __________ Date well development
Well designation
Ground clevation. Est Survey
Screened imnterval Formation.
Measuring point (MP) Top of well casing/other Well suckup
Water level (below MP)  Start End.
Well depth (below MP) Water clevation (BGS)
Method used to measure water Jevel Estimated recharge rate.
Volume of saturated annulus (assume 30 percent porosity)
Volume Calculation
Quantity of water used during dnlhng:
Depth of sediment (below MP) Before After
Development equpment
Sampling equipment
pH meter No Calibration
Speafic conductance meter No Calibration
FTU meter No Cahbration

Tume Pul:p;zm: FTU | pH | Ttinc:p m:;:/ -

o a°C

Comments

(4011-920-0109-920) (GW2REV 2)(03-02.92)
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:gsgznfzzzst:tagtommou ROCKY FLATS PLANT Page 10of 2
GROUND WATER RE-DEVELOPMENT LOG Version 1.

“;o]ect Name: Ground Waler Re-Development Waell ID.
rojectNo.:304802 , 1 2 « 0 3 « 0 1 Team Members:
QC Review By/Date:

Solinst: Date:

Serial Number Callbcation Datoe

PURGE METHOD - TYPE USED*
O puwme [ PNEUMATIC D PERISTALTIC [J INERTIA {J OTHER

[J BALER [] TEFLON (0 STAINLESS  [J OTHER

PAURGING REQUIREMENTS & CALCULATIONS - Detum Top of Well Casing (fOWC)

1D = We!ll Casing insldo Diometer (inches) =

UV = Unit Casing Volumo (gat/lineatr foot) =

WD = Depth to Water (teot) =

TO = Total Depth (loet) = Measurod Tolai Dopth (MTD)+Probe End

IC = Ini1tia] Water Column (fest) = TD - WD = - =

IV = Int1i123] Wator Volumoe (gallons) = UV x IC = x =

Checkod by

PURGED VOLUMES snd RECHARGE
Veolumse Water Descriolion
Purged Temp Conduclance pH Do Niltale Time Turdldity (Coler Turdldity,
J tGAL) (*c) (m8/em} (8U) {mort} (ppm) (24-hour) (FTU) Odor Oll eto
QUIPMENT CALIBRATION
Equipment v Eguipment Standard Equipment
Type 10 ¢ Used Reading Yemp Date Time
FiNAL WATER LEVEL MEASUREMENTS FROM
MARK ON NORTH SIDE OF INNER CASING
Py Moensurad Avg Meas
< Team Toisl Prebe Totss Teotal
Member Reading Depth End Depnth Depih Signature
1 i iAo
2 2 REEE,
1 3 Signature

tip__1(
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20 PURPOSE AND SCOPE

3.0

Thus standard operating procedure (SOP) describes procedures that will be used at the Rocky Flats
Plant (RFP) to conduct 1n situ pump-in borehole hydraulic conductvity tests in uncased portions
of boreholes 1 bedrock, using packers Vanous packer testing arrangements can be used for i situ
hydraulic conductivity tests in uncased portions of boreholes

Relatively large-scale, multiple-well pump-out tests arc generally preferred over single-well tests
such as slug tests and packer tests for evaluating aquifer charactenistics However, the information
obtained using less-costly, single-hole packer tests 1s frequently useful and cost-cffective, particularly
1 relatively low-permeability formations A standard operating procedure addendum (SOPA) will
describe project-speafic testing requirements

This SOP describes packer testing equpment and procedures and Quahty Assurance/Quality
Control (QA/QC) that will be used for field data collection and documentation 1n order to attamn
acceptable standards of accuracy, preasion, comparability, representativeness, and completeness

PERSONNEL QUALIFICATIONS

Personnel conducting pump-in borchole packer tests will be geologsts, geotechmical engineers, or
ficld techmaans with an appropnate amount of applicable ficld expenience or on-the-job traning
under the supervision of another qualified person. All personnel performing this procedure are
required to have 40-hour OSHA classroom tramning which meets the Department of Labor
requirements 29 CFR 1910 120 (e)(3)(1)

(4011-920-0110-920)(GW3REV 2)(3/2/92)
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4.0 REFERENCES
4.1 SOURCE REFERENCES

The following 1s a hist of refernces reviewed prior to the writing of this procedure

A Compendium of Superfund Ficld Operations Mcthods EPA/S540/P-87/001 December 1987

ASTM D 4631-86 Test Mcthod for i W

rmeabiluy R In-Situ M men ing the P December 1986

Groundwater Monitoning U S DOE, Water and Power Resources Service, 1981

udance for Cond

Final October 1988

Toungwa viopitoring

Washington D C September 1986

RCRA Faality Investigation Guidance Intenm Final May 1989

42 INTERNAL REFERENCES

Related SOPs cross-referenced by this SOP are as follows

(4011-520-0110920)(GWIREV 2)(3/2/92)
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50

5.1

. SOP GT.2, Dniling and Sampling Using Hollow-Stem Auger Techmiques
. SOP GT 4, Rotary Drilling and Rock Conng

. SOP GW 1 Water Level Measurements in Wells and Piezometers
EQUIPMENT AND PROCEDURES

A packer test 15 an 1n situ test used to measure the apparent hydraulic conductmity of the soil or
rock surrounding a borehole by measuring the flow rate of water pumped 1nto or out of a discrete
depth nterval of the borehole that is isolated by rubberized mnflatable packers under known
pressures This SOP addresses “pump-m" tests, in which water 1s injected into the test mnterval at
constant apphed pressure (constant head), or a constant rate of flow, or as a pressure pulse Packer
tests will be conducted 1n portions of boreholes dnlled 1n bedrock indicated by the Field Samphing
Plan (FSP) Water myjected mnto boreholes during packer testing will be RFP potable water or
commeraally available disulled water RFP tap water will be used unless the FSP or a SOPA states
otherwise The Quality Assurance Addendum (QAA) will address tap water testing requirements
Single packers, double packers, or straddle packers will be used to 1solate a desired length of
borchole for testing Downbole packer test equpmenat will be decontaminated between boreholes
according to SOP FO.3, General Equipment Decontamination.

EQUIPMENT

Packer tests will be conducted using an arrangement that will satisfy the requirements of the FSP
A straddle packer arrangement can be used to test a segment of a borchole isolated between two
packers, or a single packer can be used to test a scgment of borchole between the hole bottom and
the packer In some cases, for instance when testing very low-permeability formations, a single

(4011-920-01 10-920)(GWIREV.2)(3/2/92)
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packer test tool may be modified mnto a double packer test tool arrangement that has a pressure
sensor between the two packers to help detect slow leaks around the packers. Ths type of double
packer test tool arrangement may be further expanded and modified nto a straddle packer test tool
that has two packers positioned above and two packers below the test interval.

The packers will be of a diameter compatible with the borehole diameter (see manufacturer’s
recommendations) so the test zone can be properly 1solated (1.c., scaled off from other depth
mtervals in the boring) Electronic pressure transducers with an accuracy of 0 1 pounds per square
mnch (ps1) or better will be placed above, below, and withun the test zone to momtor test pressures
and to check for proper seahng of the packers The transducers will be attached to electromc data
logging equipment capable of momtoring and recording pressure versus tune Example schematic
diagrams of packer tests set-ups are mcluded in Appendixes A and B

Because of fluctuations in pressure that can occur using conventional pumping equpment, the
surface equpment used for water mjection will consist of a water supply reservorr pressurized with
compressed gas (mtrogen or arr) The supply reservoir will be attached to the test section wath ngid
water-tight steel tubing For relatively high injection rates (greater than approximately 0.5 gallon
per munute [gpm]), the change m water level m the reservorr will be used to calculate flow quantity
by means of a graduated transparent tube in parallel with the reservoir tank. For low injection
rates, a vanable-arca flow meter system capable of measuning flow rates as low as 0.001 gpm wall
be used To cover the range in flow rates between 0.5 and 0 001 gpm, the flow meter system will
consist of at least three ndvidual flow meters in a common manifold system with appropriate by-
pass and shut-off valves, so flow may be switched from onc meter to another during a test, if
necessary The diameters of the pressure tank and flow meters wall prownde for overlap in the
measurement ranges of the equpment The reservoir and flow tanks will be connected by water-
tight stecl tubing through the upper packer(s) to allow wjection of water into the test mterval. A
fast-acting, remotely controlled shut-in valve will be placed approximately 2 feet above the upper
packer

(4011-920-0110-920)(GW3REV.2)(3/2/92)
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52

If flow rates are high (Le., of the reservoir empties 1 less than the 20-minute mummum test
duration), an alternative injection system will be required. In this situation, a conventional packer
test sctup using clean water pumping equipment and a manifold system with an impelier-type flow
meter and appropnate flow restriction and by-pass valves will be used. However, there 1s a
potential for large volumes of water imjected to alter groundwater chemustry 1in nearby wells or to
influence contaminant plumes In any case, no more than 50 gallons of water will be mmjected
slowing during a packer test without the approval of the EG&G project manager

PROCEDURES

Packer tests will be conducted in general accordance with Subsections 6.3 and 6 4 of ASTM D 4630,
*Standard Test Method for Determiming Transmissivity and Storativity of Low-Permeability Rocks
by In-Situ Measurements Using the Constant Head Injection Test,” and Subsections 6.3 and 6 4 of
ASTM D 4631, 'Standard Test Method for Determimng Transmissivity and Storatvity of Low -
Permeabiity Rocks by In-Situ Measurements Using the Pressure P:;L Techmque’® These
references arc presented in Appendixes A and B, respectively  With the exception of the mnjection
Other portions of the
useful information,

pressures, the procedures will be consistent with the referenced sections
referenced methods should be read because they are also apphcable and con
but are not nccessanly a requirement of this SOP

The project data
The objectives of
borehole preparation are to provide a borchole that can be scaled with| packers, to prownde a

A borehole will be drilled and, if required, prepared so 1t 1s sutable for t.
quality objectives and subsurface conditions will dictate appropnate prepar:

borehole sidewall with hydraulic properties stmilar to those of the formation, and to leave water 1n
the borehole stmilar 1n physical charactenstics to the formation water Depending on the formation

(4011-920-0110-920)(CW.3REV.2)(3/2/92)
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1s flushed and/or purged, 24 hours will be allowed before testing to allow induced pressures I

(pressure transients) 1n the formation to dissipate.

After a suitable borehole has been provided, testing will commence at the intervals predetermmed I
or determuined based on information from the geophysical and/or caliper logs The packers will be
wnserted at the desired level 1n the borehole and inflated to scal off the test section. If the borehole

1s not already filled with water to a level above the upper packer, 1t will be before the packers are
mnflated A packer wnflation pressure approximately 200 ps1 above the maximum anticipated test
pressure should be used However, if there are problems with ruptuning packers due to yielding
of the rock at this pressure, lower inflation pressures may be used The probabihity of leakage will
3 be increased at lower packer inflation pressures

Once the test 15 set up as described above, vanious procedures may be used, depending on project
requirements The three basic types of tests are

1 Constant head
2 Constant rate of flow
3 Pressure pulse

In general, the constant head and pressure pulse tests are preferred for relatively low-permeability
formations while the constant rate of flow test 1s frequently used 1n formations with relatively hugh-
permeability

(4011-920-0110920) (GW3REV.2)(3/2/92)
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52.1 Constant Head Test

After the packers have been set and the test section and supply tube filled with water in 2 manner
such that there 1s no entrapped air, the downhole valve will be shut and the shut-mn test section
pressures allowed to dissipate (as determned from the pressure transducer in the test section)

After the shut-in pressure has dissipated and the stable pressure recorded n PSI, the reservorr
pressure will be increased to the desired test pressure and the downhole valve opened. Readings
of flow rate versus time will be obtained while the pressure (head) 1s mamntained at approxumately
a constant value A record of pressure versus time for cach of the three pressure transducers wall
also be kept Injection of water into the test section will continue at a constant head until the flow
rate stabilizes, or a mmmmum of 20 mmutes Conditions will be considered stable when at least 3
consecutive five-minute flow readings do not vary by more than 10 percent Test durations will
frequently be 30 to 60 minutes However, durations of as long as 4 to 6 hours may sometimes be
required for conditions to stabihize If test durations longer than 60 minutes occur regularly on a
project, the EG&G project manager should evaluate the cost-cffectiveness of the testing program
and modify 1t if warranted If either of the pressure transducers above and below the test section
show a rapid pressurc response to a pressure mncrease in the test section, the packers wall be
rescated to ehiminate leakage around them The test interval depth will have to be modified if the
packers cannot be properly seated at the orignal target depth. The EG&G project manager will
be involved 1n determining any offset test intervals unless the offset 15 small.

The project-speafic test program may require scveral increasing pressure imcrements for *Stepped”
tests After each increment, the downhole valve will be shut 1n and the test section shut-in pressure
allowed to dissipate The maximum njection pressure at the test section must not exceed the
effective overburden pressure at the test section to avoid hydraulic fractunng. Hydraulic fracturning
will normally be avoided if the total hydraulic pressure in the test section does not exceed 0.5 psi
per foot depth to the center of the test section  Since the head of the column of water 1n the tubing

(4011920-0110920){GW3REV.2)(3/2/92)
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1s approximately 043 psi per foot ([62.4 Ib/ft*/ft depth]/[144 1n*/ft’] = 0 43Ib/in*/ft depth), ths
means the sum of the reservoir head above the ground surface and the pncumatic pressure apphed
to the reservorr should not exceed 0 07 ps: per foot of depth to the test section. In other words, 0.5
psi/ft depth (total allowable) minus 043 psi/ft depth (head in tubmng) = 007 psi/ft (maxmum

apphed pressure above ground surface)
522 Constant Rate of Flow Test

The procedures for a constant rate of flow test are essentially the same_as for a constant head test
except that the injection rate 1s held constant and readings of pressure versus time are obtamned.
Injection of water mnto the test section will continue at a constant rate until the pressure stabihizes,
or for a mmmum of 20 minutes Conditions will be considered stabilized when at least 3
consecutive five-minute pressure readings do not vary by more than 10 percent. Test durations wall
frequently be 30 to 60 minutes. However, durations of as long as 4 to 6 hours may sometimes be
required for conditions to stabihze If test durations longer than 60 minutes occur regularly on a
project, the EG&G project manager should evaluate the cost-effectiveness of the testing program
and modify 1t if warranted. The automatic data acquisition equpment wall record pressure versus
time As for the constant head test, the project-speafic test program may require stepped tests
provided that the maximum test pressure does not exceed the maximum described in Subsection
521 to avosd hydraulic fracturing

If relatively hugh flow rates (that s, if the reservoir empties 1n less than the 20-minute munimum test
duration) are encountered, 1t may not be practical to use the pressurized reservoir and downhole
pressure transducer test setup described heremn. In this case, testing will use a more conventional
packer test setup consisting of pumping equipment and a mamifold system with an impeller-type flow
meter and appropnate flow restriction and bypass valves If the transducer in the test section 1s
meffective due to turbulence, a pressure gauge on the manifold system may be used. Testing with

this equpment may also follow the constant head test procedure, however, 1n either case, it may

(4011-920-0110-920)(GWIREV.2)(3/2/92)
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523

53

be difficult to accurately control flow rates and pressures

Pressure Pulse Test

Borehole preparation and packer placement will be the same as described 1 Subsection 5.2. The
pressure pulse test can use the same test sctup as described for the constant head test, provided the
downhole shut-n valve can be opened and closed rapadly  Alteratively, the downhole shut-in valve
may be replaced with a fast-acting valve between the pressure source and water supply tube
Similarly, the pressure transducer in the test section may be relocated to the water-supply hine at
the top of the borehole between the fast-acting valve and the test section (see Figure 2 n ASTM
D 4631)

Once the packers are 1n place, the water supply tubing will be rapidly pressurized and then shut in
by opeming and closing the fast-acting valve The resulting pressure pulse and decay transient wall
be recorded by the electronic data logging equipment starting at the time the valve 1s closed The
transducers above and below the test section will also be read to check for leaks around the packers
If leakage occurs, the packers will be reseated to chminate leakage around them The test depth
mterval will have to be modified if the packers cannot be properly seated at the original target
depth The EG&G project manager will be nvolved n determining any offset test intervals.

METHODS OF ANALYSIS

For each mjection test, data analysis will be conducted using a sclected analytical procedure
appropnate for the hydraulic conditions and esumated flow patterns The project hydrogeologst
responsible for mterpreting the test results wall select the analytical methods used The appendixes
discuss some available analytical techniques The methods used may include those presented 1a the
following published literature

(4011-920-0110-920)(GW.3REV.2)(3/2/92)
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6.0 DOCUMENTATION

Documentation for this SOP will include a schematic diagram of the test setup. This diagram will
show the relative positions of all gauges, valves, transducers, and packer clements within the test
tool string The diagram will accompany the data records for cach test For each type of test, a
data form will be developed to record flow/tume/pressure data Form GWJ3A 1s a pump-n
borehole packer test summary sheet that will be used to document borehole information and test
type It includes a checkhst for required data

The following information will be documented

. Project identification

. Date

. Borehole :dentification/Elevation

. Drilling and/or Parker Testing Subcontractor

. Responsible geologist’s/engineer’s name i
. Type of test

. Formation/rock type tested
. Top and bottom depths of Test Interval (below ground level)

. Description/Elevation of Depth Reference

(4011920-0110920)(GW.IREV2)(3/2/92)
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. Water level mn borehole before testing
. Packer inflation pressure
. Shut-in pressure/Stabilized pressure
. Data logger file name for pressure versus time data

The documentation checkhst addresses the following

. Diagram of test tool setup
. Cahbration documentation
. Records of pressure and flow rates with ume for constant-head and constant rate-of-flow

tests (attach to test summary form)

. Pulse pressure and pulse decay time records for pressure pulse tests (attach to test

summary)

(4011-920-0110-920)(G'W3REV.2)(3/2/92)
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US. DEPARTMENT OF ENERGY ROCKY FLATS PLANT

PUMP-IN BOREHOLE PACKER TEST SUMMARY SHEET

FORM GW3A

Project No Date
Borechole Ident:fication

Dniling and/or Packer Testing Subcontractor

Geologist/Engineer
Type of Test

Formation/Rock Type Tested

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

Description/Elevation of Depth Reference

Water Level mn Borehole Before Testing
Packer Inflation Pressure

Shut-in Pressure/Stabilized Pressure

Data Logger File Name

DOCUMENTATION CHECKLIST

Diagram of test tool setup prepared? (Y/N) by (Contractor’s Representative)
Documentation of calibrations received? (Y/N) by (Contractor’s Representative)

Documentation of flow meter calibration checks received? (Y/N) by (Contractor’s Representative)
Documentation of gauge/transducer calibration checks received? (Y/N) by (Contractor’s Representative)

Pressure versus time data for each gauge/transducer obtained/recorded? (Y/N)

Representative)

by (Contractor’s

Flow rate versus time data obtained/recorded? (Y/N) by (Contractor’s Representative)

COMMENTS

(4011520-0110-920 GW3REV.2)(3/2/92)
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LOW PERMEABILITY ROCKS BY IN-SITU MEASUREMENTS USING
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qal-“') Designation D 4630 - 86

Standard Test Method for

Determining Transmissivity and Storativity of Low-
Permeability Rocks by In-Situ Measurements Using the

Constant Head Injection Test'

Thus standard s ssued under the fixed designation D 4630; the sumber simmediately following the designation sndicates the year of
onginal adoption or tn the case of revinion, the year of last revision. A number 1n parcntheses indicates the year of last respproval A
superscnpt epsilon (¢) indicates an editonal change sance the last revision or

1. Scope

1.1 This test method covers a field procedure for determin-
ing the ransmissivity and storauwity of geological formations
having permeabiliics lower than 10~ pm? (I millidarcy)
using constant head injecion

1.2 The transmussivity and storativity values determined
by this test method provide a good approximation of the
capacity of the zone of interest to transmit water, if the test
intervals are representative of the entire zone and the sur-

rounding rock 1s fully water-saturated 4

1 3 The values stated 1n SI units are 1o be regarded as tl}c S

standard #
} 4 Tlus standard may imohe hazardous materials oper- .
atiws and equipment Thus standard does not purport” 0
address all of the safery problems associated with its use It1s
the responstbility of the user of this standard to establish
appropriate safety and health practices and delenmne the
applicability of regulatory imutations prior 10 use T

2. Terminology <N

2 1 Descriptions of Terms Specific to This Standard s+
2 11 transmussivity T—the transmissivaty of a formaton
of thickness, b, 1s defined as follows - ="« LR

T=Kb T i
* A

where ) ——

K = equnvalent formation h)draulnc conducmd (cfhc) {3’
The efhc 1s the hydraulic ’cqnducnvuy of a2 matenalif it

were homogencous and porous over the cnllrc interval The

hydraulic conductivity, X, 1s related. to (hc cqmvalcm for-

mauon pcrmcab:hty, k.as $Tollows. “
=T/ \ \

where
p = fluid dcnﬁ' ty,\ )
p = fluid viscosity, and
& = acceleration dJue thravny
2 1.2 storativity, S>the storauvity (or storage cocflicient)
of a formation of thxcknés b, 1§ defined as follows:

S‘ ,4 -

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

* This 1est method 1s under the junsdicuon of ASTM Commuttee D-18 on Sor
and Rock and 1s the direct responsibilitv of Subcommitiee D18 12 on Rock
Mechanics.

Current edition approved Oct. 31 1986 Published December 1986
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The ebrss 1s the specific storage of a matenal 1f 1t wep
homogcncous and porous over the enure mterval The spe

afic storage is givenas follows
4 ’\\ S, = o (Co + nC.)
where, ” 4 \ AN
G = bulk rock compms:blhty, ;
C = flud comprcssrbxhty, and
“w= formauon porosity -
<2.2 Symbols
p 2.2 1 Co—bulk rock compressibility (M~'LT?)
2.2.2 C.—compressibility of water (M~'LT?)
223 G—dimensionless funcuion
4224 K—hydrauhc conducuwvity (LT"*)
225 P—excess test hole pressure (ML™'T™?)
2 6 Q—excess water flow rate (L’T™')
2.7 Q,—maximum excess water flow rate (L*T"')
2.2.8+S-—storativity (or storage coeflicient) (dimension-

~-less)

2.2 9 S,—specific storage (L)

2210 T—transmussivaty (LT

2211 b—{formation thickness (L)

2.2 12 e—fracture aperture (L)

2213 g—acceleration due 10 gravity (LT-?)
22 14 A—permeabihty (L)

22 15 n—porosity (dimensionless)

2216 r.—radws of test hole (L)

2.2.17 1—time elapsed from start of test (T)
22 18 a—dimensionless parameter

2.2 19 p—wviscosity of water (ML™'T™')
2.220 p—density of water (ML)

3. Summary of Test Method

3.1 A borehole 1s first dnlled into the rock mass, intersect-
ing the geological formauons for which the transmissivity
and storauwity are desired The borehole 1s cored through
potenual zones of interest, and 1s later subjected to geophys-
ical borehole logging over these intervals. Duning the test,
cach interval of interest 1s packed off at top and bottom with
mflatable rubber packers attached to high-pressure stee! tub-
ing.

3.2 The test stself involves rapidly applying a constant
pressure 10 the water 1n the packed-ofT interval and tubing
string, and recording the resulting changes in water flow rate.
The water flow rate 1s measured by one of a series of flow
meters of different sensitivities located at the surface. The
iitial transient water flow rate 1s dependent on the transmis-
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TABLE 1 Viscosrty of Water as » Function of Temperature

Temperature Absolste
. Viscosity
bR mPa s
3 0 179
2 167
4 157
[ 147
8 138
10 131
12 124
14 117
16 1
18 106
20 100
22 096
24 091
26 087
28 084
30 080
32 077
) 074
36 an -
38 068
40 066

sivity and storativity of the rock surrounding the test mterval
and on the volume of water contained in the packed-off
interval and tubing string

4. Significance and Use
41 Test Method—The constant pressure injection test

5. Apparatus
NoTe—A schematic of the test equipment 1s shown in Fig |

51 Source of Consiant Pressure—A pump or pressure
intensifier shall be capable of providing an additonal amount
of water to the water-filled tubing stnng and packed-off test
mterval to produce a constant pressure of up to ! MPA (145
psi) in magnitude, preferably with a nse ime of lessthan 1 %
of one half of the flow rate decay (Q/Q. = 0.5)

5.2 Packers—Hydraulically actuated packers are recom-
mended because they produce a positive scal on the borehole
wall and because of the low compressibility of water they are
also comparatively ngid. Each packer shall seal a portion of
the borehole wall at least 0.5 m in length, with an apphied
pressure at Jeast equal to the excess constant pressure to be
apphied to the packed-off interval and less than the formation
fracture pressure at that depth

5.3 Pressure Tmnsducgr:—-—Thc pressure shall be measured
as 2 funcuon of umc, with the transducer located in the
packed-off test mnterval -The pressure transducer shall have
an accuracy of at jeast +3‘kPa (+0 4 pst), including errors
introduced by the recording system, and a resolution of at
Jeast } kPa (0.15 psi).

5.4 Flow Meters—Suitable flow meters shall be provided
for measunng water flow rates in the range from 10* cm’/s
to 10~ cm?/s. Commeraally available flow meters are capa-
ble of measunng flow rates as low as 10° em’/s with an
accuracy of =1 % and with a resolution of 10°* cm?/s, these
can test permeabilities to 107> md based on a 10-m packer
spacing Positive displacement flow meters of either the tank
type (Haimson and Doe (4) or bubble-type (Wilson et al (3)

od 15 used 10 determine the transmissivity and storativity . are capable of measuring flow rates as low as 107> cm’/s,

Jow-permeabihity formauons surrounding packed-ofT mtcr~
vals. Advantages of the method are (a) 1t avords the effect of

well-bore storage, (b) 1t may be employed over a wide mngc\

of rock mass permeabiliues, and (c) 1t 1s considerably shorter
in duration than the conventional pump and s!ug tcsls used

1n more permeable rocks / g
4 2 Anahsis—The transient water flow mxc data oblamcd

these ‘can lest permeabilities to 10~ md based on a 10-m
packer spacing.

N\ 5.5 Hydraulic Systems—The inflatable rubber packers

shall be attached to high-pressure steel tubing reaching to the

% surface. The packers themselves shall be inflated with water
‘u§mg a separate hydrauhc system The pump or pressure

intensifier providing the constant pressure shall be attached
to the steel tubing at the surface A remotely controlied down-

using the suggested test method are C‘3IU31Cd by ﬂJC curve-~_hole valve, located in the sicel tubing immediately above the

matching technique described by Jacoband,pohman (1)*and_
extended to analysis of single fracturc}'by Doe #t a[ @I
the water flow rate attains steady state, lt\may be used to
caiculate the transmissivity of the test interval 3)

4.3 Unus

4 3.1 Conversions—The i{cnnabl;ny\o\fonnauon is
often expressed in terms th{ unit darcy A porous medium
bas a permeability of l'darcy when 2 fluid of vnscosny lcp
(1 mPa s) flows through it at \mc of 1 em’/s (JO™* m’/s)/1
tm? (10 m?) cross-sectional arca at a pressire differential of
1 aum (1014 kPa)/1 cm (10 thm) ofdength. One darcy
corresponds to 0 987 pm? For watel tpé flowing flnd at
20°C, a hydrauhc conductivity of 9 66 pim/s corresponds to
a permeability of 1 darcy.

4.3.2 Viscosity of Water—Table | shows the viscosity of
water as a function of temperature
S

3
2 The boldface numbers in parentheses refer to the list of references st the end
of this standard
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uppcr packer, shall be used for shutting 1n the test interval
""and for instantancous starting of tests

6. Procedures

6 1 Drilling Test Holes

6 1 | Number and Orientation—The number of test holes
shall be sufficient to supply the detail required by the scope
of the project. The test holes shall be directed 10 intersect
major fracture sets, preferably at nght angles

6 1.2 Test Hole Qualiiy—The dnlling procedure shall pro-
vide a borehole sufficiently smooth for packer seating, shall
contain no rapid changes in direction, and shall minimize
formauon damage.

. 6 1.3 Test Holes Cored—Core the test holes through zones
of potenual interest to provide information for locatng test
intervals

6.1 4 Core Description—Descnibe the rock core from the
test holes with particular emphasis on the hthology and
natural discontnuities,

6.1.5 Geophysical Borehole Logging—Yog geophysically
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TABLE 2 Values of G(a) for Values of « Between 10~ and 1074

10~ 10°? 10~? 10" 1 10 10’ 10°
1 569 1834 613 2249 0985 0534 0346 0.251
2 404 131 447 1716 0.803 0461 031 0232
3 331 1079 374 1477 0719 0427 0.294 0222
4 287 941 330 1333 0667 0405 0283 o215
s 257 847 300 1234 0630 0.389 0274 0210
6 215 777 278 1180 0.602 0377 0268 0206
7 218 7.23 260 1103 0.580 0.367 0263 0203
8 204 679 246 1057 0.562 0359 0258 0200
9 193 643 235 1018 0.547 0.352 0254 0198
10 183 613 225 0.985 0.534 0.346 0.251 0196
10* 10* 10 W0 10 10 10% 10"
1 01964 01608 01360 o 01037 00927 00838 0.0764
2 01841 01524 01299 01131 01002 00899 00814 00744
3 01777 01479 01266 01106 0.0982 0.0883 00801 00733
4 01733 01449 01244 01089 00968 00872 00792 00726
s 01701 01426 01227 01076 00958 00864 00785 00720
6 01675 01408 01213 01066 0.0950 0.0857 oo779 00716
7 01654 01393 01202 01057 0.0343 00851 00774 00712
8 01636 01380 01182 01049 0.0937 00846 00770 00709
9 01621 01369 01184 01043 00332 . 0.0842 00767 00706
10 01608 01360 o7 01037 00827 ,  0.0838 00764 0.0704
“ From Jacob and Lohman (1) ~ . ~
)‘, 4
rocording. Constant pressure Pressure tain any matenal that could be washed 1nto the permeable
| ransouwcer _szones dunng testing, thereby changing the transmussivaty aod
1 :;:’::’"‘" "‘°l'°‘"9 storativity Flush the test holes with clean water until the
J\ 9\ - return 1s free from cuttings and other dispersed sohds
Frow I f + 6.2 Test Intervals
] NS | 621 Selection of Test Intervals—Determune test intervals
Pressure Source from the oorcdcscnpuons. geophysical borehole logs, and, if
for nflatng , - necessary, from visual nspection of the borehole with a
packers ——— ok JL: L dvaer \"~borscopc or TV camera
% . 6.22~Changes in Lithologp—Test cach major change 1t
x “ithology that can be 1solated between packers
+ 6.2.3 Sampling Discontinuties—Disconunuities are often
" . sthemajor permeable featuresin hard rock Test jointed zones,
igh mg ) o « Vault zones, bedding planes, and the like, both by 1solating
nfate packers |} " ‘f,'ess“' "9 individual features and by evaluating the combined eifects of
: : several features
4 Y, N —— 624 Redundancy of Tests—To evaluate vanabibity in
';% er-orely convol\eqwagye“m 4 transmussivity and storativity, conduct three or more tests 1o
™ each rock type, 1f homogeneous If the rock 1s not homoge-
Rock intians ‘mcké neous, the sets of tests should encompass similar types of
mass discontinuities
o —
O—— Pressix wan3oucer 6.3 Test Water
,4 6.3.1 Quality—Water used for pressure pulse tests shall be
Pertorsies clean, and compauble with the formation Even small
g amounts of dispersed solids 1n the inyection water could plug
the rock face of the test interval and result in 2 measured
transmissivity value that is erroneously Jow

flated packer

FIG 1 Equnpment Schematic

the zones of potenual interest In particular, run electncal-
snductuon and gamma-gamma density logs Whenever possi-
3ble, also use sonic logs and the acoustic televiewer Run other

“logs as required
6 1.6 Washing Test Holes—The test holes must not con-
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6.3.2 Temperature—The lower imit of the test water tem-
perature shall be 5°C below that of the rock mass to be tested.
Cold water injected into a warm rock mass causes air to come
out of solution, and the resulung bubbles will radically modafy
the pressure transient characteristics.

64 Testing-

6 4.1 Fuling and Purging System-~QOnce the packers have
been set, slowly fill the tubing stnng and packed-off interval
with water 1o ensure that no air bubbles will be trapped 10
the test interval and tubing. Close the downhole valve to shut
in the test interval, and allow the test section pressures (25
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Constant excess _____ |
presswe P
o
& |- Test no 1
]
o
Q - Second
3 ° T~ Constant excess —
L0 O~ ressure P shut-n
w. 1 Lol pressure
Frst
shut in
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Time 1t
FIG. 2 Typical Flow Rate Record
Data Sheet
Project Test No
Test Locabon Borehole No.
fock Type Borehole D and Dyp Drrection
Date Measured Depth of Test to Top Packer m
Testing by Borehole Diameter mm
Rock Temperature, °C
Equspment Date of last
—} o bon Serial No Calibraton

Length of Packed-off interval m

Length of Tubeng Above Top Packer m

Water Temperature *°C

Packer Pressure kPa

Constant Water Pressure, kPa

FIG. 3 Data Sheet for in Situ Measurement of Transmissivity and Storativity Using the Constant Head injection Test

determined from downhole pressure transducer reading) to
dissipate

6 4 2 Constant Pressure Test—Pressunze the tubing, typi-
tally to between 300 and 600 kPa (50 to 100 psi) above the
shutan pressure. This range of pressures 1s in most cases
sifficiently low to mimimuze distortion of fractures adjacent
it the test hole, but 1n no case should the pressure exceed the
mmimum pnncipal ground stress. It 1s necessary to provide
sufficient volume of pressunzed water to maintain constant
pressure during testing. Open the down-hole valve, maintain
lhe constant pressure, and record the water flow rate as a
function of tme Then close the down-hole valve and repeat
the test for a higher value of constant test pressure. A typical
record ts shown 1n Fig. 2

£ Calculations and Interpretation of Test Data

" 71 The solution of the differential equation for unsteady
state flow from a borehole under constant pressure located 1n

an extensive aquifer 1s given by Jacob and Lohman (1) as:?

Q = 2xTP G(a)/rg. 1))
where.
Q = water flow rate,
T = transmissivity of the test interval,
P = excess test hole pressure,
p = water density,
g = acceleration due to gravity, and
G(a) = function of the dimensionless parameter o

a= Tl/Sf.z (2)

where

! = time elapsed from start of test,

? For bounded aquifers the reader s referred to Hantush (5).
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S = storauwity, and
r. = radius of the borehole over the test interval

711 In Fig. 2, the flow rate 1n the shut-in, packed-off
mterval 1s considered constant. In those cases where the
response of the shut-in interval 1s tme dependent, interpre-
tation of the constant pressure test is unaflected, provided
the ttme dependency is hinear.

7 2 To determine the transrmussivity, 7, and storativity, S,
data on the water flow rate at constant pressure as a function
of tme are plotted 1n the following manner (1).

72} First, plot a type curve on loganthmic paper of the
function G(a) versus a where values of G(a) are given in
Table 2

7 22 Second, on transparent logarnithmic paper to the same
scale, plot values of the flow rate, Q, versus values of tme, ¢

7.2 3 Then, by placing 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 transmussivity, 7, and sto-
rativity, S, using Eqs | and 2 from the coordinates of any
point in both coordinate systems

8. Report

8 1 The report shall include the follomng

8 1 1 Introduction—The mtroductory section is intended
to present the scope and purpose of the constant pressure test
program, and the charactenstics of rock mass tested

81 11 Scope of Testing Program

81111 Report the locaion and onentation of the bore-
holes and test intervals For tests in many boreholes or 1n a
vanety of rock types, present the matnx 1n tabular form

81112 Rationale for test location selection, including
the reasons for the number, location, and size of test intervals.

8 1 1 1 3 Discuss in general terms hmitations of the testing
program, stating the areas of interest which are not covered
by the testing program and the limitations of the data wathin
the areas of apphcation

8 1.1 2 Brief Description of the Test Intervals—Descnbe
rock type, structure, fabnc, grain or crystal size, discontinui-
ties vouds, and weathenng of the rock mass in the test
mtervals A more detailed descnption may be needed for
certain applications In a heterogeneous rock mass or for
several rock types, many intervals may be descnbed, a tabular
presentation 1s then recommended for clanty

812 Test Method

8 1.2 1 Equipment and Apparatus—Include a hst 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

8 122 Procedure—State the steps actually followed 1n the
procedure for the test

8 1 2 3 Vanatons—If the actual equipment or procedure
dewiates from this test method, note cach vanation and the
reasons Discuss the effects of any deviations upon the test
results

8 1 3 Theoretical Background

8131 Data Reduction Equanons—Clearly present and
fully define all equations and type curves used to reduce the
data Note any assumptions inherent 1n the equations and
type curves and any hmitations in their applications and
discuss their effects on the results

8 1.3 2 Sute Specific Influences—Discuss the degree to
which the assumptions contained 1n the data reduction equa-
tions pertain to the actual test location and fully explain any
factors or methods applied to the data to correct for depar-
tures from the assumptions of the data reduction equations.

8.1 4 Results

8 141 Summary Table—Present a table of results, includ.
ing the types of rock and discontinuities, the average values
of the transmissivity and storativity, and their ranges and
uncertainties.

8 14.2 Individual Results—Present a table of results for
individual tests, including test number, interval length, rock
types, value of constant pressure transmissivity and storativ-
1ty, and flow rate as a function of time

8 1 43 Graphic Data—Present water flow rate versus ime
curves for each test, together with the appropnate type curves
used for their interpretation

8 1 44 Other—Other analyses or presentations may be
included as appropnate, for example (a) discussion of the
charactenstic of the permeable zones, (6) histograms of re-
sults, and (¢) companson of results to other studies or pre-
vious work

8 15 Appended Data—Include 1in an appendix a com-
pleted data form (Fig. 3) for each test

9. Precision and Bias

9.1 Error Estimate

9 1.1 Analyze the results using standard statistical meth-
ods Calculate all uncertaintics using a 95 % confidence n-
terval

9 1 2 Mcasurement Lrror—Evaluate the errors 1n trans
missivity and storativity associated with a single test This
includes the combined effects of flow rate determination,
measurement of ime, and type curve matching.

9 1 3 Sample Variability—For each rock or discontinuity
type, calculate, as a minimum, the mean transmussivity and
storativity and their ranges, standard deviations, and 95 %
confidence himits for the means. Compare the uncertanty
associated with the transmissivity and storatwity for cach
rock type with the measurement uncertainty to determine
whether measurement error or sample vanability is the dom-
tnant factor 1n the results.
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qglb Designation: D 4631 - 86

Standard Test Method for

Determining Transmissivity and Storativity of Low
Permeability Rocks by In-Situ Measurements Using the

Pressure Pulse Technique®

Thus standard 1s ssued under the fixed designation D 4631, the number immediately following the designation indicates the year of
ongoal adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscnpt epsailon (¢) indicates an editona) change since the last revision or reapproval

1. Scope

1 1 This test method covers a field procedure for deter-
muning the transmussivity and storativity of geological forma-
tions having permeabihties lower than 10~ pm? (1
milhdarcy) using the pressure pulse technique.

1.2 The transmssivity and storativity values determined
by this test method provide a good approximation of the
capacity of the zone of interest 1o transmmt water, if the test
intervals are representative of the entwre zone and the
surrounding rock 1s fully water saturated.

1.3 The values stated 1n S units are 10 be regarded as the
standard

1 4 Thus standard may involve hazardous materials, oper-
ations, and equipment This standard does not purport to
address all of the safely problems associated with its use It 1s
the responsibility of the user of this standard to establish
appropriate safety and health practices and determine the
applicabiiity of regulatory muations prior to use

2. Terminology

21 Descriptions of Terms Specific to This Standard

2 11 transnussivity, T—the transmssivity of a formation
of thickness, b, 15 defined as follows

T=K1b

where
K = equivalent formation hydraulic conducuwvity (efhc)

The efhc 1s the hydrauhc conductivity of a matenal if 1t
were homogeneous and porous over the entire interval The
hydraulic conductivity, X, 1s related to the equivalent forma-
tion, k, as follows

K= kpg/u

where
p = flud density,
p = flud viscosity, and
acceleration due to gravity

2 1.2 storativity, S—the storativity (or storage coefficient)
of a formation of thickness, b, 1s defined as follows.

S=5,b

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

* This test method 15 under the junsdicuon of ASTM Commatee D-18 on Soil
and Rock and 15 the direct responsibiiity of Subx ttee DI8 12 on Rock
Mechamics.

Cumrent ediion approved Oct 31 1986 Published December 1986

The ebrss 1s defined as the specific storage of a matenal if it
were homogeneous and porous over the entire interva' The
specific storage is given as follows.

s' = pf (CA + nc..)

where
C, = bulk rock compressibility,
C,, = flud compressibility, and
n = formation porosity.
2.2 Symbols
2.2.1 Cy—bulk rock compressibihity (M™'LT?) -
2.22 C,—compressibility of water (M™'LT?)
2.2 3 K—hydraulic conductivity (LT™*)
224 L—Ilength of packed-off zone (L)
2.2.5 P—excess test hole pressure (ML™'T™2)
2.2 6 P,—intial pressure pulse (ML™'T™?)
227 S—storativity (or storage coefficient) (dimen-
ssonless).
2.2.8 S~—specific storage (L")
2.2.9 T—transmissivity (L’T™)
2.2.10 V,_—volume of water pulsed (L)
2.2 11 b—formation thickness (L).
2 2.12 e—fracture aperture (L)
2.2 13 g—acceleration due to gravity (LT™?)
22 14 k—permeability (L?)
22 |15 n—porosity (dimensioniess)
2.2 16 r,—radius of test holc (L)
22 17 1—umec clapsed from pulse imtiation (T)
22 18 a—dimensionless parameter
2.2 19 p—dimensionless parameter
2220 u—wiscosity of water (ML™'T"F)
2221 p—density of water (ML™3)

3. Summary of Test Method

31 A borchole 1s first dnlled into the rock mass, inter-
secung the geological formations for which the transmussivity
and storativity are desired The borehole is cored through
potential zones of interest, and s later subjected 1o
geophysical borehole logging over these intervals Dunng the
test, each nterval of interest is packed off at top and botiom
with nflatable rubber packers attached to high-pressure stee
tubing. After inflating the packers, the tubing stnng i
completely filled with water.

3 2 The test itself involves applying a pressure pulse to the
water in the packed-off interval and tubing stnng,
recording the resulung pressure transient. A pressure trans
ducer, located cither 1n the packed-off zone or in the tubing
at the surface, measures the transient as a function of ume-
The decay charactenstcs of the pressure pulse are dependent
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FIG 1 Comparative Times for Pressure Puise and Slug Tests

on the transmussivity and storativity of the rock surrounding
the interval being pulsed and on the volume of water being
pulsed Alternatively, under non-artesian conditions, the
pulse test may be performed by releasing the pressure on a
shut-in well, thereby subjecting the well to a negative
pressure pulse Interpretation of this test method 1s ssmilar to
that descnibed for the positive pressure pulse

4 Significance and Use

4.1 Test Method—The pulse test method 1s used to
determine the transmussivity and storativity of low-perme-
“bility formauons surrounding the packed-off intervals. The

__d#st method is considerably shorter 1n duration than the
pump and slug tests used in morc permeable rocks. To
obtain results to the desired accuracy, pump and slug tests 1n
low-permeability formations are too time consuming, as
wdicated 1n Fig. 1 (from Bredehoeft and Papadopulos (1)) 2

4.2 Analysis—The transient pressure data obtained using
the suggesied method are evalpated by the curve-matching
technique described by Bredehoeft and Papadopulos (1), or
by an analytical technique proposed by Wang et al (2). The
latter 1s particularly useful for interpretaing pulse tests when
only the early-time transient pressure decay data are avail-

43 Unus

4.3.1 Conversions—The permeability of a formation 1s
often expressed in terms of the unit darcy A porous medium
bas a permeability of | darcy when a fluid of viscosity 1 cP (1
mPa-s) flows through 1t at a rate of 1 cm3/s (107¢ m?/s)/!1
en? (10™* m?) cross-sectional area at a pressure differential
of I atm (101 4 kPa)/1 cm (10 mm) of length One darcy
corresponds to 0 987 um?. For water as the flowing fluid at
20°C, a hydraulic conductivity of 9.66 pm/s corresponds to a
permeability of 1 darcy

4.3.2 Viscosity of Water—Table 1 shows the viscosity of
water as a function of temperature

5 Apparatus
Note—A schemauc of the test equipment 1s shown n Fig. 2

LBy

i

2 The boldface numbers in parentheses refer 10 the list of references at the end
of ths standard
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51 Source of Pressure Pulse—A pump or pressure inten-
sifier shall be capable of injecting an additional amount of
water to the water-filled tubing string and packed-off test
interval to produce a sharp pressure pulse of up to 1| MPa
(145 psi) in magnitude, preferably with a nise time of less
than 1 % of one half of the pressure decay (P/P, = 0.5).

$ 2 Packers—Hydrauhcally actuated packers are recom-
mended because they produce a positive seal on the borehole
wall and because of the low compressibility of water they are
also comparatively ngid Each packer shall seal a portion 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 applied to the packed-off interval and Jess than the
formation fracture pressurc at that depth

5.3 Pressure Transducers—The test pressure may be mea-
sured directly in the packed-off test interval or at the surface
with an electronic pressure transducer. In either case the
pressure shall be recorded at the surface as a function of
time. The pressure transducer shall have an accuracy of at
least £3 kPa (+0 4 psi), including errors introduced by the

TABLE 1 Viscosity of Water as a Function of Temperature

Absokste

Viscosity,

mPa s
179
167
157
147
1.39
131
124
17
11
1.06
1.00
0.96
091
087
Q.84
080
o077
074
o
068
066

Temperature
*Cc
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FIG 2 Schematic of Test Equipment

recording system, and a resolution of at least 1 kPa (0 15 pst)

54 Hydraulic Systems—The inflatable rubber packers
shall be attached to high-pressure steel tubing reaching to the
surface The packers themsclves shall be inflated wath water
using a separate hydraulic system The pump or pressure
intensifier providing the pressure pulse shall be attached to
the steel tubing at the surface If the pump 15 used, a
fast-operating valve shall be mounted in the tubing at the
surface near the pressure pump

6. Procedure

6 | Drilling Test Holes

6 1 1 Number and Orientation—The number of test holes
shall be sufficient to supply the detail required by the scope
of the project The test holes shall be directed to intersect
major fracture sets, preferable at nght angles

612 Test Hole Qualty—The dniling procedure shall
provide a borehole sufficiently smooth for packer seaung,
shall contain no rapid changes 1n direcion, and shall
minimize formation damage.

6 1.3 Test Holes Cored—Core the test holes through
zones of potenual interest to provide information for lo-
cating test intervals

6.1 4 Core Description—Descnbe the rock core from the
test holes wath particular emphasis on the lithology and
natural discontinuiues.,

6.1.5 Geophysical Borehole Logging—Log geophysically
the zones of potenual tnterest. In partcular, run electncal-
mduction and gamma-gamma density logs Run other logs
as required

616 Washing Test Holes—The test holes must not
contain any matenal that could be washed into the perme-

824

able zones dunng tesung, thereby changing the
missivity and storativity. Flush the test holes wip
water until the return 1s free from cuttings ang
dispersed solids

62 Test Intervals

6 21 Selection of Test Intervals—Test intervals are deter
muned from the core descriptions, geophysical borehole )
and, 1f necessary, from visual inspection of the borehoje with
a borescope or TV camera

6.2.2 Changes tn Lithology—Test each major change g
hthology that can be solated between packers

6 2 3 Sampling Discontinuities—Discontinuities are ofiep
the major permeable features in hard rock. Test jointed
zones, fault zones, bedding planes, and the hke, both by
1solating individual features and by evaluating the combineg
effects of several features.

624 Redundancy of Tests—To evaluate vanability p
transmussivity and storativity, conduct several tests in each
rock type, if homogeneous. If the rock 1s not homogeneous,
cach set of tests should encompass similar types of
discontinuities.

6 3 Test Water

6 3.1 Qualiy—Water used for pressure pulse tests shall be
clean, and compatible with the formation Even smali
amounts of dispersed solids in the mjection water could plug
the rock face of the test interval and result 1n a2 measured
transmussivity value that 1s erroncously low

6 32 Temperature—The lower hmit of the test water
temperature shall be 5°C below that of the rock mass to be
tested Cold water injected into a warm rock mass causes air
to come out of solution, and the resulting bubbles wli
radically modify the pressure transient charactensucs.

64 Testing

6 4 1 Filling and Purging System—Allow sufficient time
after washing the test hole for any induced formation
pressures to dissipate Once the packers have been set, slowly
fill the tubing stnng and packed-off interval with water to
ensure that no air bubbles will be trapped in the test interval
and tubing

6 4 2 Pressure Pulse Tesvt—Rapdly pressunze the tubing,
typscally to between 300 and 600 kPa (50 to 100 psi), and
then shut in This range of pressures 1s 1n most cases
sufficiently low to minimize distortion of fractures adjacent
to the test hole, but 1n no case should the pressure exceed the
mimmum pnncpal ground stress Record the resulting
pressure pulse and decay transient detected by the pressure
transducer as a function of ime A typical record ts shown in
Fig. 3

7. Calculation and Interpretation of Test Data

71 The type of matching techmique developed by
Bredehoeft and Papadopulos (1) involves plotung normal-
1zed pressure (the rauo of the excess borehole pressure, P, at
a given time to the mmual pressure pulse, P,) aganst the
loganthm of time, as indicated 1n Figs 2 and 3 The pulse
decay 1s given as foliows.

lrang.
clean
Olhcr

P Q)
7 = Fa,B)

where

« and 8 = dimensionless parameters given by
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FIG. 3 Typical Pressure Record

a=xr7S/V.C.8 ()

ad
g=86T1/V . Crle €)

where
¥,, = volume of water betng pulsed,
r, = well radius,
t = time elapsed from pulse inmitiation,
C, = compressibility of water,
T = transmissivity, and
§ = storativity
7 1.1 In Fig. 3, the pressure of the packed-off interval and
bing filled with water 1s considered constant. In those cases
'.icre the response of the system to filling 1s time dependent,
wterpretation of the pressure pulse test 1s unaffected, pro-
nded the time dependency 1s Iinear. Neuzld (3) has proposed

a modification to the Bredehoeft and Papadopuiu, procedure
for interpreting test data when the response of the system to
filkng 1s non-ime dependent and when the compressibility
of the shut-in well 1s sigmficantly larger than that of water
Tables of the function F{a, §) have been provided by Cooper
et al (4), Papadopulos (5), and Bredehoeft and Papadopulos
(1).

7.2 The method for analyzing pulse decay data depends
on whether the parameter a 1s larger or smaller than 0.1.
Since the value of « 1s not known a priori, the test data are
first analyzed by the method applicable to a« < 0 1. If this
analysis indicates that « > 0.1, then that method 1s used.

7.2.1 For a < 0 1, the data are analyzed by the method
descnibed by Cooper et al (4), in which the family of curves
shown in Fig. 4 for F(a, B) as a function of g for vanous
values of a are used Observed values of P/ P, are plotted as
a function of time, ¢, on scmilogarithmic paper of the same
scale, and are matched with a type curve by keeping the 8
and 1 axes coincident and moving the plots honzontally

7.2.2 The expressions corresponding to a and 8 1n Eqs 1
and 2, the « value of the matched type curve, and the £ and
t values from a match point are used to determine the
transmusstvity, 7, and the storage coefficient, S, of the tested
nterval. Bredehoeft and Papadopulos (1) indicate that this
procedure yields good estimates of the transmissivity when a
< 0.1, but that the storage cocfficient could be of question-
able reliabihity for values of « < 1075,

7.23 For a > 01, Bredchoeft and Papadopulos (1)
recommend the use of the family of curves shown in Fig §
for F(a, B) as a function of the product aff = ( 5—:%%) t

whrw
mterpret the data. Matching of the observed values of P/ P,
plotted as a function of ¢ with a type curve is performed 1n
the same manner as indicated previously for « < 0.1. In this
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FIG. 5 Type Curves of the Function F{a, §) Against the Product Parameter of

way, the product 7.S and S are determuned. Analysis wath the
type curves shown 1n Fig. 5§ provides an indication as to
whether the data are adequate for identifying both « and 8
and hence, determining both S and T, or whether the data
fall 1n the range where only the product TS can be
determined
7.3 Wang et al (2) present an alternative method of
analyzing pressure pulse data involving analytical solutions
for pulse decay 1n single fractures of both infinite and finite
extent. Recognizing that finite fracture geometry introduces
errors in the interpretation of the pulse decay data, Wang
suggests a method that uses data from elapsed times before
the fracture boundanes begin to mfluence the pressure data.
Wang found by linear regression of calculated decay pressure
versus time an empincal expression for the fracture aperture
of the following form
log (e/10%) = —0321log (1) + C
+0322log(r./004)
+ log (2.394uC,_ x 10'%))
+ 0(333 log (L/2)

“

where

€ = parallel-plate equivalent aperture, m,

{ = tme,s, -

r, = borehole radius, m,

y#t = water viscosity, mPa-s,

C,, = water compressibility, 1/Pa,

L = length of the packed-off interval, m, and

C = a constant that depends on the fraction of pulse
decay, as follows

Fracuon of pulsc decay (P, — PY/F, 005 010 ots

‘Wang constant, C. 109 120 127

7.3 1 Wang shows that in test zones contaiming two
fractures of different apertures, the wider fracture dominates
the carly time behavior The carly pressure pulse decay
therefore reflects the major fracture only. Doe, et al (6) view
individual fractures as confined aquifers whose
transmissivities are given by the cubic relationship

T= pgt’/lzn )
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Thus, Eq 5 provides transmissivity in terms of a parallel-
plate equivalent fracture aperture calculated from Eq 4

7.3.2 Eqs 4 and 5 can be solved for the carly-time pressure
pulse decay data to provide a transmissivity value for the test
interval from the calculated parallel-plate equivalent aper-
ture.

8. Report

8 1 The report shall include the following:

8.1 1 Introduction—The mtroductory section 1s intended
to present the scope and purpose of the pressure pulse test
program, and the charactenstics of the rock mass tested.

8 1.1.1 Scope of Tesung Program.

81.111 Report the location and onentation of the
boreholes and test intervals For tests in many boreholes or
1n a vanety of rock types, present the test matnx n tabular
form

8 1 1.1 2 Rationale for test location selection, including
the reasons for the number, location, and size of test
intervals.

8.1.1.1.3 Dascuss 1n general terms the limitations of the
testing program, stating the areas of interest which arc not
covered by the testing program and the hmutations of the
data within the areas of application

8.1.1.2 Brief Description of the Test Intervals—Describe
rock type, structure, fabnc, gram or crystal szt
discontinuities, voids, and weathenng of the rock mass in the
test intervals. A more detarled description may be needed for
certain applications. In a heterogeneous rock mass or for
several rock types, many intervals may be desctibed, 2
tabular presentation is then recommended for clanty

8 1.2 Test Method.

8.1.2.1 Equipment and Apparatus—Include a hst of t¢
equipment used for the test, the manufacturer’s name, modd
number, and basic speafications for each major item,
the date of last calibration, if apphcabie

8.1.2.2 Procedure—State the steps actually followed 10 the
procedure for the test.
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8 1.2.3 Vanauons—If the actual equipuicnt or procedure
dewviates from this test method, note each vanation and the
~casons Discuss the effects of the deviations upon the test

lsults.

8 1.3 Theoretical Background

8 1.3 1 Data Reduction Equations—Clearly present and
fully define all equations and type curves used to reduce the
data. Note any assumptions inherent in the equations and
type curves and any hmitations in their apphcations and
discuss their effects on the results

8.1.3.2 Suite Specific Influences—Discuss the degree to
which the assumptions contamned in the data reduction
ejjuations pertain to the actual test location and fully explain
any factors or methods apphed to the data to correct for
departures from the assumptions of the data reduction
equations.

8.1 4 Results

. 81.4.1 Summary Table—Present a table of results, in-
cluding the types of rock and discontinuities, the average
values of the transmissivity and storativaty, and their ranges
and uncertainties.

8.1.4.2 Individual Results—Present a table of results for
individual tests, including test number, interval length, rock
types, transmissivity and storativity, and pressure pulse
amphitude and decay time (or recording time, 1f the decay 1s
incomplete)

8 143 Graphic Data—Present pressure pulse decay
versus time curves for each test, together with the appro-
pnate type curves used for their interpretation

8 144 Other—Other analysis or presentations may be
included as appropnate, for example (/) discussion of the
charactensucs of the permeable zones, (2) histograms of
results, and (3) companson of results to other stucies or
previous work.,

8 15 Appended Data—Include 1n an appendix a com-
pleted data form (Fig. 6) for each test.

9. Precision and Bias

9.1 Error Estimmte

9.11 Analyze the results using standard statistical
methods. Calculate all uncertainties using 2 95 % confidence
interval

9.1.2 Measurement Error—Evaluate the errors 1n trans-
mussivity and storativity associated with a single test Thus
includes the combined effects of pressure determination,
measurement of time, and type curve matching or early
decay time analysis.

9.1.3 Sample Variability—For each rock or discontinuity
type, calculate, as a mimimum, the mean transmissivity and
storativity and their ranges, standard deviations, and 95 %
confidence hmits for the means Compare the uncertainty
associated with the transmissivity and storativity for each

Data Sheet
Test No
g::am Borehole No
Rock Type Borehole D and Dy Drection
Date Measured Depth of Test to Top Packer m
Testng by Borehole Diameter mm

Rock Temperature *C

Equipment
Senal No Date of fast
Descnpton Calibration
tangth of Packed-off interval m Packer Pressure, kPa
langth of Tubng Above Top Packer m Tubng 10 mm

":ter Temperature °C

Maximum Pulse Pressure kPa

Puise Decay Time s

FIG. 6 Data Sheet for in Situ Measurement of Transmissivity and Storativity Using the Pressure Pulse Technique
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rock type with the measurement uncertainty to determine
whether measurement error or sample vanabiity 1s the

dominant factor 1n the results

REFERENCES

(1) Bredehoeft, J D., and Papadopulos, S S “A Mecthod for Deter-
mining the Hydraubc Properties of Tight Formatons,” Water
Resources Research, Vol 16, 1980, pp 233-238

(2) Wang,J S Y, Naraamhan, T N, Tsang, C. F., and Witherspoon,
P A., “Transient Flow 1n Tight Fractures,” Proceedings of the 15t
Invitational Well Testing Symposium, Berkeley, 1977, pp
103-116

(3) Neunl, C. E., “On Conducting the Modified “Slug Test’ 1n Tight
Formations,” Water Resources Research, Vol 18, 1982, pp
439441

(4) Cooper, H H., Bredchoeft, J D, and Papadopulos, S S,
“Response of a Finite Diameter Well to an Instantaneous Charge of
Water,” Water Resources Research, Vol 3, 1967, pp 263-269

(5) Papadopulos, S S., Bredehoeft, J D, and Cooper, H. H., “On g
Analysis of *Slug Test Data,” Water Resources Research, Vol
1973, pp 10871089

(6) Doe, T W, Long, J C. S, Endo, H K, and Wilson, (o9 §
“Approaches to Evaluaung the Permeability and Porosity ¢
Fractured Rock Masses,” Proceedings of the 23rd U.S Sympos,
on Rock Mechanucs, Berkeley, 1982, pp 30-38

(7) Earougher, R. C., “Advances in Well Test Analysis,” Soaa;o]
Petroleum Engineers of AIME, New York, NY, 1977

(8) Freeze, R. A., and Cherry, J A., Groundwater, Prentice-Haf],
Englewood Chffs, NJ, 1979 g

(9) Shun, F S, Feves M L, Peterson, G L., Foster, K M, and
Kienle, C. F., Public Draft. “Ficld and In Situ Rock Mechanis
Tesing Manual,” Office of Nuclear Waste Isolation, Documen;
ONW]-310, Secuon F “In Situ Flud Properties,” GT-F 1 In Sity
Permeability Measurement of Rock Using Borehole Packers, 1981

The American Soceety for Testing and Materials takes no pasition respecting the valxinty of any patent nghts asserted in connection
with any kem mentioned in tius standard Users of this standard are expressly advised that deterrmnation of the vahkday of any such
patent nghts and the risk of indringement ol such nghts are entirely thew own responsibrtty

Thes standard 1s subject to revision at any tine by the responsidle techmcal commatee and must be reviewed every live years and
# not revised erther reapproved or withdrawn Your comments are invited either for revrsion of this standsrd or for sdditonal standerds

s will r carelul deration a1 8

g of the responsible

and should be addressed to ASTM Headquarters Yowr

techrwcal committee which you may attend ! you feel that your comments have not recerved & lax hearing you showld make your
vews known 1o the ASTM Committee on Standards 1916 Race St Philadelpius, PA 19103

828



Thisis a

ONTROLLED DOCUMENT

=G&G - ROCKY FLATS PLANT
ZNVIRONMENTAL MANAGEMENT

— \ThIS 1sa RED Stamp SLUG TESTS
EG&G ROCKY FLATS PLANT Manual. §-21000-OPS
EMD MANUAL OPERATION SOP Procedure No.: GWJ, Rev 2
Page. 1of7
Effective Date. March 1, 1992
Category 2 Organization: Environmental Management

TITLE o
SLUG TESTS REA
(Date)
10  TABLE OF CONTENTS
10  TABLE OF CONTENTS 1
20  PURPOSE AND SCOPE 2
30  QUALIFICATIONS 2
40  REFERENCES 2
41  SOURCE REFERENCES 2
3 42  INTERNAL REFERENCES 3
50  PROCEDURES FOR SLUG INJECTION/WITHDRAWAL TEST 3
51  PRETEST DATA RECORDING 3
52  FIELD PROCEDURES FOR SLUG INJECTION TEST 4
53  SLUG TEST METHOD OF ANALYSIS 7
60 DOCUMENTATION 7

REVIEWED F(:p CLASSIFICATION/UCNI
By !T/& " I "wa\ﬁ'r—\ N
pate M A G J@»\q q4)

rh‘u )

(4011-920-0111-520)(GWAREV 2)(02-24-92)




SLUG TESTS

EG&G ROCKY FLATS PLANT Manual 5-21000-OPS
EMD MANUAL OPERATION SOP Procedure No.: GWJ, Rev. 2
Page: 20f7
Effective Date: March 1, 1992
Category 2 Organization: Environmental Management
20 PURPOSE AND SCOPE

30

4.1

The purpose of this standard operating procedure (SOP) 1s to provide the techmcal guidance and
methods for performing slug tests on piczometers at the Rocky Flats Plant (RFP)

The procedures 1n the following section will be implemented for conducting the slug tests

QUALIFICATIONS

Personnel performing slug test procedures will be geologists, hydrologists, hydrogeologists,
engneers, or field techmcans with an appropnate amount of apphcable field expenience or on-the-

job tramning under supervision of a quabfied person All personnel performing this procedure are
required to have 40-hour OSHP classroom training which meets Department of Labor regulation

29-CFR 1910 120 (¢)(3)(1)

REFERENCES

SOURCE REFERENCES

The following 15 a list of references reviewed prior to the wniting of this procedure

Cooper, HH, Jr,J D Bredchoeft, andI S Papadopulos, 1967, Response of a Fimite Diameter Well
to an Instantaneous Change of Water Water Resources Research, 3(1)

Hazardous Waste Management Practice Site Investigation Basehine Procedures, Woodward-Clyde

Consultants, August 1982

(4011-920-0111-920)(GWSREV.2)(02-24-92)
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Hvorslev, MJ, 1951, Tame Log and Soil Permeability 1n Groundwater Observations, Bulletin No

36, Waterways Expermment Station, Corps of Engineers, Vicksburg, Miss
42 INTERNAL REFERENCES
Related SOPs cross-referenced by thus SOP are as follows

. SOP FO.3, General Equpment Decontamination
. SOP GW 1, Water Level Measurements 1n Wells and Piezometers

50 PROCEDURES FOR SLUG INJECTION/WITHDRAWAL TEST
A falling head slug test shall be performed by "instantaneously” introducing a solid slug below the
water level into piezometers, or momtoring wells Slug tests will not be performed simultaneously
1n adjacent piezometers (1 €, within 50 feet vertically or honizontally)

51 PRETEST DATA RECORDING
A Slug Test Data Form (Forin GW 4A, see Section 6 0 - Documentation) will be completed pnor
to conducting each test The following mformation will be obtaned in the field or from existing l

well logs prior to performance of the slug test and will be recorded on the Slug Test Data Form

o Casmng diameter (check mn field) I

. Borcehole diameter

. Location of surveyed measuring point

. Total casing depth (check mn field)

. Static water level, Ho (prior to mtroducing slug) (measure n field) |
. Screen depth and interval

(4011-920-0111-920)(GW4AREV 2)(02-24-92)
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. Location of gravel pack
. Lithology of screened interval

52

For 4nch diameter wells, a 5-foot-long, 3-inch diameter, stainless steel slug will be used to provide
the "mnstantaneous” head change For 2-inch diameter wells, a 5-foot-long, 1.5-inch diameter,
stainless steel slug will be used

FIELD PROCEDURES FOR SLUG INJECTION TEST

An excess head, large enough to provide meamingful data for slug test analysis, will be created in
each piezometer or well tested during the slug injection test Before use at each piezometer, all
equpment and cables will be decontanunated according to SOP FO.3, General Equpment

Decontamination

The static water level will be measured in accordance with SOP GW 1, Water Level Measurements
mn Wells and Piezometers The measuring pomnt shall be the survey pomt where the surface
elevation was measured, otherwise the pomt of reference will be the nm of the top of casing

Water levels will be recorded to the nearest 0 01 foot
The total casing depth will be determined with a weighted measuning tape

Water levels duning the slug test will be measured with the Hermit Environmental Data Logger,
Model SE1000B, or a stmilar measuring device. The operations manual for the measunng device
will be available m the field for reference Using the manufacturer’s operation manual, the

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

The transducer probe will be set 1n the piezometer at the appropnate depth as determined by the
sensiivity of the transducer, height of the water column m the well, and length of the slug to be

(4011-920-0111-920)( GW4REV 2)(02-24-92)
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mtroduced wnto the piczometer The probe cable will be secured to the outside of the piezometer
casing Imtially, the transducer probe pressure readout (reference level) wall be set to zero while
the probe 1s i the water The depth to water on the data logger from static water level to
transducer probe will be checked with the known depth of submergence to verify that the probe 1s
working properly The probe will then be referenced to appropniate datum A pre-run checkout
test will be performed by setting the data logger to the appropnate parameters (as outhned mn the
owner’s manual), imtiating recording of measurements on the data logger, and raising and lowering
the transducer probe mn the well to simulate water level changes The measurements of the
changing water levels will continue for 10 mmutes The data will then be reviewed to venfy that
equipment is operating properly

After completion of the mtial pre-run checkout, the solid slug wall be lowered into the piezometer

so that the bottom of the slug 1s approximately 2 to 3 feet above the imtial static water level

Immediately prior to introduction of the slug below the water level in the piczometer, water levels
will be recorded with the data logger The slug will then be quickly lowered so that it 1s positioned
1 to 2 feet below the static water level 1 the piezometer or well and above the transducer probe
If there 1s msufficient water 1 the piezometer or well to allow complete submergence of the slug,
the slug will be immersed as fully as possible without disturbing the transducer probe The
transducer probe shall reman stationary duning and after the process of lowenng the solid slug
The test will continue until water levels return to 10 percent of therr static water level or until 48

hours have elapsed

The water level recording interval will be set to the loganthmic mode The frequency of

measurement will be approximately as follows

(4011-920-0111920)(GWAREV 2)(02-24-92)
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Elapsed Time(after lowering slug) Log Sample Interval
0-2 sec 0.2 sec.
2-20 sec 10 sec.
20-120 sec 50 sec.
2-10 min 30 sec.
10-100 mn 2 mn
100-1000 mun 10 min
3 1E3-1E4 min 100 min

The water level m the piezometer or well will be checked periodically wath the water level indicator
to verify that the data logger is functioning properly The test completion ime required will depend
upon the hydraulic conductivity of the surrounding formation

If a printer 1s available, all data generated by the pressure transducer and recorded by the data
logger shall be printed out 1n the field The printout of the slug test data shall be stapled to the
corresponding Slug Test Data Form (Form GW 4A)

Slug tests performed mn piezometers or wells that are expected to exhibit slow pressure falloff (as
mdicated by piezometer development records) will be measured with a water level mndicator
Changes in water levels are expected to be slow enough that a sufficent number of water level

measurements can be recorded manually using the water level indicator

i

(4011-920-0111-920)(GWAREV 2)(02-24-62)
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53 SLUG TEST METHOD OF ANALYSIS

60

The slug test data will be analyzed using the appropnate analytical method Methods wall include
Hvorslev (1951), or Cooper, Bredehoeft, and Papadopulos (1967)

DOCUMENTATION

Information required by this SOP will be documented on the Slug Test Data Form (Form GW 4A)
Borchole dimensions and other information required on this form can be found on applhcable

borehole log sheets

Use of field logbooks to supplement the data form documentation 1s optional Logbooks may be

used to describe field conditions, instrument readings, and other event specific information

(4011-920-0111-920)(sWAREV 2)(02-24-92)
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U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM GW.AA

Page 1 of 2
SLUG TEST DATA FORM

Location Name

Borehole No Groundwater Elevation Before Test_(Ho)

Test Date/Time Total Casing Depth

Measuring Point Borchole Diameter

Type of Test Casing Diameter

Transductor Probe Senal No Screened Interval

Datalogger Test Run No Sand Pack Interval

(include time and date for

identification purposes) Lithology Tested

Depth to Water H
from Top of Casmng Excess Head
Actual Tume Elapsed Time ) () H/Ho

(4011-920-0111-920){ GW4REV 2)(03-02-92)
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U.S DEPARTMENT OF ENERGY ROCKY FLATS PLANT

Actual Time Elapsed Time

Depth to Water
from Top of Casing

(3]

FORM GWAA
Page 2 of 2
H
Excess Head
() H/Ho

(4011-920-0111-920)(GWAREV.2)(13-0292)




Thisis a
ONTROLLED DOCUMENT
=G&G - ROCKY FLATS PLANT
zNVIRONMENTAL MANAGEMENT
This1s a RED Stamp  FIELD MEASUREMENT OF GROUNDWATER FIELD PARAMETERS
EG&G ROCKY FLATS PLANT Manual 5-21000-OPS
EMD MANUAL OPERATION SOP Procedure No.: GW.S, Rey. 2
Page 10f21
Effective Date: March 1, 1992
Category 2 Organization Environmental Management
TITLE Approved By
FIELD MEASUREMENT OF X g s
W,
GROUNDWATER FIELD PARAMETERS 22 R, &
Bt Approver] L (Date)
10 TABLE OF CONTENTS
| 10 TABLE OF CONTENTS 1
20 PURPOSE AND SCOPE 3
30 RESPONSIBILITIES AND QUALIFICATIONS 3
40 REFERENCES 3
1 Tm 41 SOURCE REFERENCES 3
,_; 42 INTERNAL REFERENCES 4
50 FIELD MEASUREMENT PROCEDURES 4
51 TEMPERATURE 7
511 Temperature Measurement By Thermometer 8
512  Temperature Measurement By HACH ONE pH Meter 9
2 DISSOLVED OXYGEN (D O) - SPECTROPHOTOMETER 10
53 pH 12
54 SPECIFIC CONDUCTANCE 13
55 TOTAL ALKALINITY-ORION TOTAL ALKALINITY TEST KIT 15
56 NITRATE/NITRITE AS N - CADMIUM REDUCTION
SPECTROPHOTOMETRIC METHOD 17
57 TURBIDITY 19
| 571  Accuracy Check Standard Solution Method 20
60 DOCUMENTATION 21

(4011-920-0112920)(GWSREV.2)(03/02/92)

REVIEWED jR CLASSIFICATION/UCNI

o OB

By jﬂ c S
Dateij\iﬂ \!15@13(4:1‘




by ¢

FIELD MEASUREMENT OF GROUNDWATER FIELD PARAMETERS

EG&G ROCKY FLATS PLANT Manual. 5-21000-0OPS
EMD MANUAL OPERATION SOP Procedure No.: GW.S5, Rev. 2
Page: 20f21
Effective Date: March 1, 1992
Category 2 Organization: Environmental Management
LIST OF TABLES
TABLE GW.S5-1 CALIBRATION/STANDARDIZATION FREQUENCIES AND MINIMUM
ACCEPTANCE CRITERIA FOR FIELD MEASUREMENTS . 6

(4031-920-0112-920)(GWSREV 2)(03/02/92)




FIELD MEASUREMENT OF GROUNDWATER FIELD PARAMETERS

EG&G ROCKY FLATS PLANT Manual. 5-21000-OPS
EMD MANUAL OPERATION SOP Procedure No.: GW.S, Rev, 2
Page. 3of21
Effective Date: March 1, 1992
Category 2 Organization: Environmental Management
20 PURPOSE AND SCOPE

3.0

40

4.1

Chemical and physical data collection on location during the sampling of groundwater will
supplement analytical data Data collected in the ficld will be referred to as ficld parameters Thus
standard operating procedure (SOP) descnibes measurement procedures that will be used for the
collecion of the following field parameters pH, speafic conductance, dissolved oxygen,
temperature, mitrate and N, and turbidity

The collection frequency of these field parameters speafic to individual projects will be detailed 1n
individual field samphing plans However, some critena for the collection of field parameters wall
be consistent for all programs Those critenia will be descnibed n thus SOP
RESPONSIBILITIES AND QUALIFICATIONS

All personnel performing these procedures are required to have 40-hour OSHA classroom training
which meets Department of Labor Regulation 29 CFR 1910 120(e)(3)(1) In addition, all personnel
are required to have a complete understanding of the procedures descnibed within this SOP and
recetve specific traiming regarding these procedures if necessary

REFERENCES

SOURCE REFERENCES

The following 1s a hst of references reviewed pnor to the wnting of thus procedure

A Compendium of Superfund Field Operations Methods EPA/540/P-87/001

Data Quality Objective for Remedial Actiities Development Process EPA/540/G-87/003 1987

(4011-920-0112920)(GWSREV 2)(03/02/92)
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42

50

i @

HACH DR /2000 Spectrophotometer Handbook HACH Company Loveland, CO 1988

HACH Water Analysis Handbogk HACH Company Loveland, CO 1989
RCRA T wa Moni Technical f 1dan Docu

EPA,OSWER-99501 September 1986

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

The Environmental Survey Manual DOE/EH-0053 Appendix E, "Field Protocols and Guidance *
1987

INTERNAL REFERENCES

Related SOPs cross-referenced by this SOP are as follows

. SOP FO.3, General Equipment Decontamination

i SOP FO 7, Handling of Decontamination Water and Wash Water

. SOP GW 6, Groundwater Samphng

. SOP FO 13, Containenizing, Preserving, Handling, and Shipping of Soil and Water
Samples

FIELD MEASUREMENT PROCEDURES

Several of the parameters required to be measured are physically or chemically unstable and must
be tested erther 1n the borehole using a probe (in situ) or immediately after collection using a field
test kat or mnstrument (EPA 1986) Examples of unstable parameters include pH, redox potential,
dissolved oxygen, and temperature Although specific conductivity of a substance 1s relatively stable,

(4011-920-0112-920)(GWSREV 2)(03/02/92)
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it 1s recommended that this charactenistic be measured 1n the field. Most instruments measuring
conductivity require temperature compensation, therefore, the temperature of the samples should

be measured at the time conductvity 1s measured

The spectrophotometric methodology utilized in this SOP 1s apphcable to a wide range of chemical
analyses Turbidity, nitrate/mtnite, and many other parameters may bc measured using this
methodology If analyses not addressed 1n this SOP are needed, and may be performed using this
methodology, they will be added as addenda to this SOP  All field analyses will meet the data
quality objectives specified in the subcontractor’s Quality Assurance Project Plan (QAP)P)

The standardization/calibration of in situ monitoring equipment or field-test probes and kits wall
be completed according to the manufacturer’s speafications, at the frequency speafied mn the
appropniate work plans or at the mimumum frequency speafied in Table GW.5-1 of thus SOP
Instruments which meet the acceptance criteria specified in Table GW.5-1 or more stringent criterta
specified mn the work plans are acceptable for use i the field Instruments not meeting the
speafied critena must be cahbrated prior to each use, so that the acceptance cnitena are met
Samples will be collected for field parameter measurements according to SOP GW 6, Groundwater
Sampling

Solutions used for standardining, calibrating, or titrating will be checked prior to use in the field to
determune if the expiration dates have been exceeded. Any expired solutions will be discarded and

replaced with new solutions

Forms applicable to this SOP are contamned 1n SOP GW 6, Groundwater Sampling

(4011-920-0112-920)(GWSREV.2)(03/02/92)
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TABLE GW.5-1
Calibration/Standardization Frequencies and
Minimum Acceptance Criteria for Field Measurements
Mimmum
Parameter Frequency Procedure Acceptance Cntena
pH Each well Calibrate Standard Value = 0.2 pH umts
<S}M:Ctﬁc Each well Calibrate Standard Value = 10%
onductance
Temperature Weekly Calibrate® + 10°C (difference between measured
value and NIST calibrated thermometer or
thermometer calibrated agamnst an NIST
traceable thermometer)
Dissolved Oxygen - Each well Calibrate Standard Value = 10%
Electrode Sensor
Dissolved en Each sample Zero instrument 00 mg/1
Photometnic Baseline®
Total Alkalimty For each new Standardize Standard Value + 10%
lot of titrant
Nitrate/Nitnrite as N Each sample Zero mstrument 00 mg/L
Baselméy Each lot P Determine <10 mg/
Reagent
Nitrite (landfill only) Calibrate 00 mg/l
Blank Value on each Each lot Standardize each Standard Value + 10%
new lot of nitraver new lot of
5 ampuls nitraver 5 ampuls®
Turbidity Each sample Zero 0 FTUs
Instrument
Baseline® each new lot Check Standard + 2 FTUs
of calibration Solution
reagent

* Instruments that will be utiized to measure temperature sensitive
conductance, and D O ) will aiso requre weekly cabbration or standardization if
temperature to adjust the associated temperature sensitive parameter value

Some of these mnstruments may allow for actual field calibration while others will not be capable of
temperature adjustment and may thercforc only be standardized Instruments which allow for actual field

calibration will

calibrated weekly

ameters (pH, speafic
ey arc unhzc(g to measure

Instruments that do not allow for calibration will be standardized If

the standardization 1s outside the acceptance limats, the instrument should be returned to the manufacturer
for maintenance and repair

b A chemcally untreated

pnor to measurement of the chemucally treated sample

rtion of the sample will be used as a blank to estabhish a zero level for the parameter

¢ Follow manufacturer’s recommendations for standardizing the reagent lots, to be utilized for field measurements

(4011-920-0112-920)(GWSREV 2)(13/02/92)
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51 TEMPERATURE

Temperature measurements will be made with a high quahity mercury-filled thermometer or thermistor
having an analog or digital readout device that has been standardized by companson with a
thermometer calibrated against a National Institute of Standards and Technology (NIST) calibrated
thermometer Since the temperature on the HACH pH meter 1s capable of being calibrated by field
personnel, instead of only standardized, the pH meter will be utilized to determine water temperatures
1n the field unless a standardized mercury thermometer 1s used All temperature measuning devices
will be scaled to indicate degrees Celsius 1n increments of 1°C or less as appropnate to meet data
quality objectives Thermometers will be the Teflon®-coated safety type of thermometer Glass
thermometers will be transported 1n a protective case to prevent breakage Field thermometers will
also be enclosed 1n an armored casing to prevent breakage

Temperature measurements made for the purpose of providing adjustment factors for other field
parameters will be conducted simultaneously with those related measurements Volumes and methods
of collection will be determined by the procedural requirements of the primary field measurement
taken Thermometers or thermistors used 1n the field will be standardized at least weekly against an
NIST traceable thermometer This standardization will be venfied weekly. Venfication will consist
of companng the temperature measured with the field instrument aganst an NIST traceable
thermometer If the result of calibration venification shows a vanance of more than 1 0 degrees
Celsius, the thermometer or thermistor will be taken out of service Thermometers and thermustors
that cannot be calibrated within the vanance cnteria will be replaced

(4011 920-0112-920)(GWSREV.2)(03/02/92)
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5.11 Temperature Measurement by Thermometer

The following procedure will be used when collecting temperature measurements using a thermometer

Sampling personnel will wear chemical-resistant gloves, which will be disposed
between sites, when performing field temperature measurements The Site Health
and Safety Plan will be followed at all times

A mercury-filled standardized thermometer will be used

Standardize the thermometer at least weekly to the cnitena specified in Table GW 5-
1 If the acceptance critena specified 1n Table GW 5-1 are not met, replace the
thermometer so that the acceptance critenia presented mn Table GW 5-1 are met

The thermometer will be inspected before each field tnip to ensure that there are
neither cracks 1n the glass nor air spaces or bubbles in the mercury

A portion of well water will be transferred to a beaker previously rinsed with
distilled water The thermometer will be nserted mto the sample collection
container, and the sample in the contamer will be swirled The temperature reading
will be taken when the mercury column stabilizes

The temperature measurement will be recorded to the nearest 0 5°C

The thermometer will be decontaminated 1n accordance with SOP FO 3, General
Equipment Decontamination

(4011-920-0112920)(GWSREV 2)(03/02/92)
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* Liquids and matenals from decontarmnation operations will be handled 1n accordance

with SOP FO 7, Handling of Decontamination Water and Wash Water

5.1.2 Temperature Measurement by HACH ONE pH Meter

. Sampling personnel will wear chemical-resistant gloves, which will be disposed
between sites, when performing field temperature measurements The Site Health
and Safety Plan will be followed at all times.

. Standardize the probe at least weekly to the critena specified in Table GW 5-1 If
the acceptance cnteria specified in Table GW 5-1 are not met, calibrate the
instrument following the manufacturer’s instructions so that the acceptance cniteria

presented 1n Table GW 5-1 are met

. A portion of well water will be transferred to a beaker previously rinsed with
distilled water The probe will be 1nserted into the sample collection container, and
the sample 1n the container will be swirled The temperature reading will be taken

when the digital readout stabilizes

. The temperature will be recorded on the field logsheet to the nearest + 0 1°C

. The probe will be decontaminated 1n accordance with SOP FO 3, General Equipment
Decontamination

. Liquids and matenals from decontamination operations will be handled 1n accordance

with SOP FO 7, Handhing of Decontamination Water and Wash Water

(4011-920-0112-920)(GWSREV 2)(03/02/92)
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5.2 DISSOLVED OXYGEN (D.0.) - SPECTROPHOTOMETER

This procedure describes the measurement of D O using the High Range D O AccuVac Ampul and
measuring the color change 1n a spectrophotometer at 535 nm The hugh range D O AccuVac Ampul
contains a reagent vacuum sealed 1n a 12-ml ampul When the ampul 1s broken open 1n a sample
contamning D O , 1t forms a yellow color which then turns purple The method 1s applicable to D O
measurements up to 13 0 mg/l O, The following method will be used to measure D O concentrations
in groundwater when using the HACH DR2000 Spectrophotometer-

. Press "445" and then "READ/ENTER" to enter the stored program number for D O

. When the display shows "DIAL nm to 535," rotate the wave length dial until the
display shows "535 nm "

. Press the "READ/ENTER" key The display will show "mg/l O, HRDO "

. Fill a blank zeroing vial with at least 10 ml of sample, and fill a blue ampul cap with
sample

. Prnor to collection of the sample water for D O measurement, the sample beaker

shall be nnsed with distilled water Fill a high-range D O AccuVac Ampul with
sample by holding the ampul with the pointed ip down 1n a beaker containing 50 to
100 ml of sample and breaking the tip of the ampul with your gloved finger Be
sure to keep the tip of the ampul immersed 1n the water at all times while the ampul
fills completely

. Immediately after filling and without inverting the ampul, securely place the blue
ampul cap that has been filled with the sample over the tip of the AccuVac ampul,

(4011-920-0112-920)(GWSREV.2)(03/02/92)
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and shake the ampul for approximately 30 seconds Securing the cap 1s important
1n order to prevent contammation with atmospheric oxygen If the seal between the
ampul and cap 1s breached, discard the ampul and start again

. Press the "SHIFT" and then the *“TIMER" keys A two-minute reaction period will
begin 1 which oxygen, which was degassed dunng asptration, 1s allowed to
redissolve and react Wipe the outside of the ampul with a paper towel to clean off
finger pnints and any liqud present, and then place the sample ampul mto the
AccuVac vial adapter Place the vial adapter containing the sample nto the cell
holder The grip tab on the vial adapter 15 placed to the rear of the cell holder

3
¥
. When the timer beeps and the display shows "mg/l O, HRDO," remove the adapter
from the cell holder and shake the ampul for 30 seconds by continuing to mnvert the
ampul
. Place the blank 1n the cell holder and close the hid
o Press "zero” and the display will show "wait" then "0 Omg/I. O, HRDO "
* Remove the blank and place the AccuVac vial adapter containing the sample into the

cell holder with the grip tab on the vial adapter to the rear of the cell holder

. Close the hd, and after waiting approximately 30 seconds for the air bubbles to
disperse from the hight path, press the "READ/ENTER" key

1 Record the displayed result as mg/l of D O

by

(4011 920-0112-920)(GWSREV.2)(03/02/92)
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§3 pH

Thus procedure descnibes the method to be utilized to measure pH 1n the field using a HACH ONE
(model 43800-00) pH meter If an instrument other than the HACH ONE pH meter 1s used, the
manufacturer’s mstructions will be followed for calibration and use All pH meters used for field
measurements will be temperature compensating

Measurements 1n the field will be performed in the following manner

. Meters will be calibrated daly prior to the start of field activities following the
manufacturer’s instructions The automatic calibration mode will be used with
buffers of pH 7 and pH 4

. Samphng personnel will wear chemical-resistant gloves, which will be disposed
between sites, when performing field pH measurements

. Before each field activity, the meter will be checked for cracked or fouled electrodes

and battery condition 1n accordance with the manufacturer’s recommendations

o Calibration wili be venfied immediately before the pH measurement 1s taken
Verification will consist of recording the instrument reading of a pH 7 standard
solution

. The probe and sampie beaker will be thoroughly ninsed with distilled water and the

excess water removed

. The probe will be placed mto the beaker containing 100 m! of sample, the dispenser
button pressed, and the clectrode swirled at a constant rate until the meter reading

(4011-920-0112-920)(CrWSREV .2)(03/02/92)
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stabilizes The sturing rate should be maintained so as to mummze the surface

disturbance of the sample
. The pH will be read and recorded to the nearest 3 0 01 pH umt
. The probe will be nased thoroughly with distilled water and stored 1n accordance

with the manufacturer’s recommendations

. Sampling tools, imnstruments, and equipment will be protected from sources of
contamination before use and will be decontarminated after use as specified 1n SOP
FO 3, General Equipment Decontamination

. Calibration will be venfied at the end of each work day Venfication will consist
of recording the instrument reading of a pH 7 standard solution If the instrument
reading vanies from the standard by more than + 2 pH umits, the instrument will
be checked for a malfunction If the vanance continues for two consecutive days,
the frequency of calibration of that instrument will be increased Cahbration will
then be performed prior to use at each site

54 SPECIFIC CONDUCTANCE

Conductance 1s the reciprocal of resistance, and, therefore, 18 often reported in unmits of reciprocal
ohms or mhos The international system of units, the siemen (S), will be used to report conductivity
for this program Most waters have a specific conductance much less than 1 siemen, therefore, data
will be reported 1n microsiemens (uS)/cm Measurements should be made pnior to conducting the pH

measurement sequence

(4011-920-0112-920)(GWSREV.2)(03/02/92)
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This procedure describes the method to be utilized to measure specific conductance 1n the field using

a HACH Conductivity/TDS Meter (model 44600) If an instrument other than the HACH meter 1s

used, the manufacturer’s instructions will be followed for cahbration and use  All conductivity meters

used for field measurements will be temperature compensating This will allow for the recording of
: specific conductance measurements directly from the meter All conductivities will also have
\ adjustable readings which will allow for accurate cahbration to a known standard

The following method will be used to measure specific conductance 1n the field using the HACH

conductivity meter

Q . The meter will be calibrated at the start of each day pnior to any field activities
Calibration will be performed according to manufacturer’s wnstructions and the
guidance given 1n Table GW 5-1 Al three wnstrument ranges will be calibrated with
one standard solution A solution of 1 99 mS/cm NaCl 1s preferred

. Before each field activity, the meter will be checked for damage to the probe and for

weak batteries 1n accordance with manufacturer’s recommendations

. Sampling personnel will wear chemical-resistant gloves, which will be disposed

between sites, when performing field conductivity measurements

4 The probe and sample beaker will be thoroughly rinsed with distilled water, and

excess water will be removed

. The probe will be immersed 1n the sample to a depth of at least 1 inch below the
surface of the sample The probe will be agitated vertically to dislodge any trapped
air bubbles and to allow the meter reading to stabilize

o

(4011-920-0112920)(GWSREV.2)(03/02/92)
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U The temperature and the temperature-compensated conductance reading will be

recorded on the field form

. The probe will be thoroughly rinsed with distilled water after use

. Sampling tools, mnstruments, and equipment will be protected from sources of
contamination before use and will be decontarmnated after use as specified 1n SOP
FO 3, General Equipment Decontamination

. Calibration will be verified at the end of each day Venfication will consist of
recording the instrument reading of a standard solution If the instrument reading
varies by more than 10 percent of the standard, the instrument will be checked for
malfunction If the vanance continues for two consecutive days, the calibration
frequency for that instrument will be increased Calibration will then be performed
prior to each sampling event

55 TOTAL ALKALINITY- ORION TOTAL ALKALINITY TEST KIT

This section describes the procedure that will be utilized to measure total alkahnity in the field using
an ORION Total Alkalimty Test Kit and HACH ONE The ORION test kit includes a reagent
composed of several acids and a conversion wheel After the pH of a solution 1s recorded, the reagent
1s added to the solution, and the pH 1s recorded again Using the conversion wheel, the pH difference
1s converted to total alkahmty as ppm CaCO, The procedure for determuming total alkalimty 1s as

follows

. Sampling personnel will wear chemical-resistant gloves, which will be disposed
between sites, when performing total alkalinity measurements

(4011-920-0112.920)(;WSREV 2)(03/02/92)




o

e

FIELD MEASUREMENT OF GROUNDWATER FIELD PARAMETERS

EG&G ROCKY FLATS PLANT Manual 5-21000-OPS
EMD MANUAL OPERATION SOP Procedure No.: GWS, Rev. 2
Page: 16 of 21
Effective Date: March 1, 1992
Category 2 Organization: Environmental Management

The pH meter will be calibrated as described 10 Subsection 53 Dunng the daly
calibration of the pH meter, venfication of proper alkalimity measurement will be
performed following manufacturer’s instructions If the venfication measurement
varies by more than 10 percent, the reagent and standard will be replaced

At the appropriate pownt duning a sampling event, transfer 100 m! of sample into a
clean beaker

Measure and record the pH of the sample using the HACH ONE pH meter as
described 1n Subsection 5 3

Dispense 10 m! of Total Alkalinity Reagent into the sample and stir well using the
pH probe

Measure and record the resulting pH of the sample as described 1n Subsection 5 3

Using the gray side of the Total Alkalimty Conversion Wheel, find the resulting pH
value and record the total alkalinity of the sample

If the alkalinity 1s off scale, the measurement will be repeated using & fresh sample
The sample and reagent volume will be adjusted according to the manufacturer’s

structions

Upon completion of all alkalinity measurements, the probe will be thoroughly nnsed
with distilled water after use

(4011-920-0112-520)(GWSREV 2)(03/02/92)
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. Sampling tools, instruments, and equpment will be protected from sources of

contamination before use and will be decontaminated after use as specified 1n SOP
FO 3, General Equipment Decontamination

5.6 NITRATE/NITRITE AS N - CADMIUM REDUCTION SPECTROPHOTOMETRIC METHOD

This procedure describes the measurement of mitrate/mitrite mitrogen using the HACH DR2000
Spectrophotometer and HACH AccuVac Ampuls The method 15 a cadmium reduction method 1n which
cadmium metal reduces nitrates present in the sample to nitrnite The mtnte 10n reacts 1n an acidic
medium with sulfamilic acid to form an intermediate diazonium salt which couples to gentisic acid to
form an amber-colored product which 1s measured with the spectrophotometer at 500 nanometers

Nitrate/nitrite mtrogen from 0 to 30 mg/l may be measured with this method Tests with standard
solutions and a single operator have yielded a standard deviation of + 1 0 mg/l mtrate/mtrte mtrogen

The procedure for measunng nitrate/mtnite as N using HACH AccuVac Ampuls 1s as follows

. Sampling personnel will wear chemucal-resistant gloves, which will be disposed

between sites, when performing nitrate/mitnte measurements

. Press "360" and the "READ/ENTER" key to enter the stored program number for
high range nitrate mtrogen AccuVac Ampuls

] When the display shows "Dial nm to 500," rotate the wave length dial until the
display reads "500 mn "

. Press "READ/ENTER "

. After the display reads "mg/l N NO, H AV,” collect at least 40 ml of sample 1n 2
beaker and fill a NitraVer 5 Nitrate AccuVac Ampul with the sample Fall the ampul

(4011-920-0112-920)(GWSREV 2)(63/02/92)
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by holding the ampul with the pointed tip down into the water sample 1n the beaker
and breaking the tip of the ampul against the bottom of the beaker Keep the tip
immersed until the ampul fills completely

Immediately press the "SHIFT" and then the "TIMER" keys This begins a
one-minute muxing period  After pressing the "SHIFT" and "TIMER" keys, nvert
the ampul repeatedly to mix the sample, until the timer beeps

When the timer beeps, press the "SHIFT" and then the "TIMER" keys. This begins
a five-minute reaction period Dunng this reaction penod, wipe off hquid or
fingerprints on the ampul, place the ampul into the AccuVac Vial Adapter, and place
the adapter containing the sample ampul 1nto the cell holder

Fill a blank zeroing vial, previously rinsed with distilled water, with at least 10 ml
of sample

When the timer beeps and the display shows "mg/l N NO,H AV," remove the
sample and place the blank vial into the cell holder

Close the hd and press the "CLEAR/ZERO" key. The display will show "Wait" and
then "0 0 mg/l N NO,H AV "

Remove the blank vial, place the AccuVac vial adapter contmming the sample nto
the cell holder with the grip tab positioned at the rear of the cell holder and close the
hd

Press the "READ/ENTER" key and record the result displayed as mg/l of

mtrate/nmitrite as nitrogen

(4011-920-0112:920)(GWSREV.2)(03/02/92)
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TURBIDITY

A reagent blank value must be determined on each new lot of Nitraver 5 Ampuls

To determine the reagent blank value, repeat the measurement procedure by
substituting distilled water as the sample Repeat the measurement for 3 ampuls
from the lot and take the average of the three values as the reagent blank value Use
this value as the reagent blank value for all mtrate/nitrite measurements performed
with this lot of Nitraver 5 Ampuls

Subtract the value of the reagent blank from the recorded value to obtain the actual

(corrected) mitrate/mitrite-nitrogen concentration 1 mg/l, and record

Thus procedure describes the measurement of turbidity using the HACH DR2000 Spectrophotometer
absorptometric method The turbidity test measures an optical property of the water sample which
results from the scattering and absorbing of Light by the particulate matter present The amount of
turbidity registered 1s dependent on such vanables as the size, shape, and refractive properties of the
particles This procedure 1s calibrated using formazin turbidity standards, and the readings are 1n

terms of formazin turbidity units (FTU)

Samphing personnel will wear chemical-resistant gloves, which will be disposed
between sites, when performingng turbidity measurements

Enter the stored program number for turbidity, press *750 Read/Enter * The display
will show "Dial nm to 450 "

Rotate the wave length dial until the small display shows "450 nm "

Press "Read/Enter " The display will show "FTU Turbidity *

(4011-920-0112-920) (GWSREV.2)({03/02/92)
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Pour 25 ml of deionized water (blank) into a sample cell
Place the blank 1nto the cell holder and close the light shield
Press "zero” and the display will show "wait” and then "0 FTU Turbidity "
Agitate the sample designated for turbidity measurement so that all sediments are
suspended Pour 25 ml of the sample mto another clean sample cell, place mnto the
cell holder and close the light shield
} Press "Read/Enter” and the display will show "wait" and then the result in FIUs
i

will be displayed

5.71 Accuracy Check* Standard Solution Method

The stored program has been calibrated using a milky white suspension of a polymer called formazin
The turbidity of this stock solution 1s 400 FTU and 1t should be prepared monthly Standard formazin

solutions for checking the spectrophotometer accuracy can be prepared as follows

Db

Dissolve 1 000 gram of hydrazine sulfate 1n deionized water and dilute to 100-ml
volumetrnic flask

Dissolve 10 00 grams of hexamethylenetetramine 1n detonized water and dilute to
100-ml volumetnic flask

Mix 50 m! of each solution 1n a 100-ml volumetric flask and allow to stand
undisturbed for 24 hours at 25° + 3°C

(4011-920-0112.920)(GWSREV.2)(03/02/92)
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. Dalute to the 100-ml mark and mix

6.0 DOCUMENTATION

All records of field measurements will be recorded on the appropnate forms contained in SOP GW 6,
Groundwater Samphing

All instrument cahibration/standardization activities will be recorded on a calibration/standardization

Jogsheet or 1n a bound field notebook specific to each instrument Records will be mantained 1n a
locked filing cabinet and will be reviewed periodically by the project QA/QC officer

(4011-920-0112-920)(GWSREV.2)(03/02/92)
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29 PURPOSE AND SCOPE

30

41

Thus standard operating procedure (SOP) describes procedures that will be used at the Rocky Flats
Plant (RFP) to sample groundwater from monitoring wells All monitoring wells currently sampled
on a quarterly basis and all new wells which will be installed 1n 1991-1992 wall be sampled following

these procedures
This SOP describes equipment decontamination and transport, site preparation, detection and
samphng of immiscible layers, water level measurements, well purging, sample collection, field and

analytical parameters, quahty assurance/qualty control (QA/QC) requirements, and documentation
that will be used for field data collection

RESPONSIBILITIES AND QUALIFICATIONS

All personnel performing these procedures are required to have 40-hour OSHA classroom tramnng
which meets Department of Labor regulation 29 CFR 1910 120(e)(3)(1) In addition, all personnel
are requred to have a complete understanding of the procedures described withun this SOP and
recewve specific tramuing regarding these procedures if necessary

REFERENCES

SOURCE REFERENCES

The following 1s a hst of references reviewed prior to the wnting of this procedure

A _Compendium of Superfund Field Operations Methods EPA/540/P-87/001 1987
Data Quality Objectives for Remedial Activities, Development Process EPA/540/G-87/003 1987

(4011 920-0113-920)( G WSREV 2)(03/01/92)
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Engineening Support Branch Standard Operating Procedures and Quality Assurance Manual EPA

Region IV Environmental Service Division 1986

RCRA Gr Water Momt T Enfor nt OSWER-99501

September 1986

Test Methods for Evaluating Sobd Waste, SW-846 Volume II Field Methods Second Edition
EPA 1982

User's Guide to the Contract Laboratory Program EPA December 1988

42 INTERNAL REFERENCES

Related SOPs cross-referenced by this SOP are as follows

. SOP FO 3, General Equupment Decontamination

. SOP FO.5, Handling of Purge and Development Water

M SOP FO 7, Handling of Decontamination Water and Wash Water

] SOP FO 11, Field Communications

. SOP FO 12, Decontamination Facility Operations

. SOP FO 13, Containenzing, Preserving, Handhng, and Shipping of Soil and Water
Samples

. SOP FO 14, Field Data Management

. SOP GW 1, Water Level Measurements in Wells and Piezometers

. SOP GW 2, Well Development

° SOP GW 5, Field Measurement of Groundwater Field Parameters

(4011 920-0113-920)( GWSREV 2)(03/01 /92)
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50

5.1

GROUNDWATER SAMPLING PROCEDURES
INTRODUCTION

All of the alluvial monitoring wells installed on RFP property in 1986 and 1987 were constructed
of either 2-inch stainless steel or 4-inch flush threaded PVC Monitoring wells nstalled prior to
1986 were constructed mainly of 6-inch PVC Limited well construction details are available for the
pre-1986 wells at RFP  Bedrock wells (post-1985) completed in the weathered zone were built with
4-inch flush threaded PVC Bedrock wells (post-1985) completed 1n the unweathered zone were
constructed of 2-inch stainless steel or 2-inch flush threaded PVC The screened interval of all post-
1985 alluvial monitoring wells extends from approxamately 0.5 foot below the alluvial/bedrock
contact to a depth above the estimated hughest seasonal water level The screened interval of post-
1985 bedrock momitoring wells 1s restricted to 1solated sandstone lenses Momtoring wells mstalled

mn 1989 were deep bedrock wells and have a 1-foot sump added to the base of the screen

Procedures for groundwater samphng are designed to obtain a sample that 1s representative of the
formation water beneath the site 1n question Since an estimate of the quality of formation water
1s desired, standing water within the well must be purécd before sampling Also, a measure of the
static water elevations 1s important to determine if honizontal and vertical flow gradients change

duning site charactenzation activities

The groundwater samphng procedures can be mmtiated after taking the requred water level
measurements (SOP GW 1, Water Level Measurements in Wells and Piezometers) and purging the
well in accordance wath thus SOP  Methods for accomplhishing each of these actvities are included
in this SOP 1n the following sequence

. Collection of immuscible layers samples, of present

. Well purging

{4011 920-0113-920)(GW6REV.2)(03/01/92)
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. Groundwater samphing using a baler
. Groundwater sampling using a penistaltic pump
. Groundwater samphng with a gas-powered piston pump

52 GENERAL EQUIPMENT REQUIREMENTS
Downhole samphing equipment will be constructed of mert matenal such as polytetrafluoroethylene
(Teflon®) or stamnless steel This equipment will be assessed on an mdividual basis prior to use 1n

the field

The following 1s a primary list of well sampling and associated equipment

Bailers - Teflon®, stamnless steel, or other appropriate mert materials

. Teflon® coated staimnless steel leaders
. Penstaltic pumps
. Water level measuring devices - sufficiently accurate to measure water levels to the

nearest 001 foot

. Plastic sheeting

. Distilled water

. Phosphate-free laboratory grade detergent
. Tap water

(4031 920-0113-920)(GWGREV.2)(03/01/92)




Ugps”

GROUNDWATER SAMPLING

EG&G ROCKY FLATS PLANT Manual 5-21000-OPS
EMD MANUAL OPERATION SOP Procedure No.. GW.6, Rev. 2
Page: 7 of 38
Effective Date March 1, 1992
Category 2 Organization: Environmental Management
. Organic vapor detector (OVD)
. Gloves - latex or vinyl
o Calculator
. Containers precleaned to EPA specifications
. Coolers with sufficient blue 1ce to cool samples to 4°C
. Preservatives (trace metals grade)
. Disposable in-line 0 45-micrometer filters
. Logbooks and field forms
o HACH portable laboratory equipment for measuring field parameters for pH,

temperature, specific conductance, dissolved oxygen, total alkalimty, and mitrate

Additional equipment needed to meet the subcontractor’s health and safety standards, personnel

and cquipment decontamination, and any specialized sampling equipment will also be required

53 EQUIPMENT DECONTAMINATION AND TRANSPORTATION

Gudehnes presented in SOP FO.3, General Equpment Decontamination, will be followed for
decontaminating equipment wvolved 1n groundwater sampling operations Equipment associated
with the tasks wmvolved 1n groundwater samphng will be decontaminated upon arrival at RFP pnor
to use 1n the field At a mimmum, all sampling equipment will also be decontaminated between

(4011-920-0113-920)( GW6REV.2)(03/01 /92)
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531

sample locations If field conditions require more frequent decontamination, the frequency will be

increased appropnately

Transportation of all equpment will be performed 1n a2 manner that ehmunates any possibility of
source or cross-contamination Calibration fluids, fuel, decontamination, and all other sources of
contamination will be segregated from samphing equipment duning transport Purge water being

transported to holding areas wall be kept in closed contamners

If the decontammation of downhole equipment 1s not performed at the well, used downhole
equipment will be wrapped n plastic sheeting and/or segregated from clean equipment to ehminate
the possibility of cross contamination

Routine Field Decontarmnation

Decontammation of delicate equipment and the routine decontamination of sampling equipment

prior to use at each well will consist of the following steps

. The equipment will be vigorously hand scrubbed with a solution of a phosphate-
free laboratory grade detergent and dishilled water

. Rinse with copious amounts of distilled water by submerging or spraying
. The equpment will then be triple nnsed thoroughly with approved distilled water
. If the decontaminated equpment will not immediately be packaged to eliminate

any adhesion of airrborne impurities, an additional final ninse should be performed

unmediately prior to actual sampling operations

(4011 920-0113-920)(GWGREV 2)(03 /0 /92)
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532  Decontamination of Sampling Pumps

533

The external surfaces of all non-dedicated pumping equipment will be decontaminated as described
mm Subsection 531 Internal surfaces will be decontaminated as follows

. Pump a solution of a phosphate-free laboratory grade detergent and water through

the equpment

. Displace the soap solution immediately by pumping approved distilled water,

equivalent to 3 volumes of the pump storage capacity through the equipment

. If any detergent solution remains 1n the pump, continue pumping distilled water
through the system until the detergent 1s no longer visibly present  Sudsing wall

be the common ndicator used to determine incomplete rnsing

Unusual Decontamination Requirements

When equipment becomes grossly contaminated, routine decontamination of sampling equipment
1s not considered sufficient and thus 1s not allowed Thus situabon and other unusual equipment
decontamination problems shall be reported to the ficld site supervisor The field site supervisor

will then consult with EG&G representatives for proper decontamination procedures

{4011 $20-0113-920)( GW6REV 2)(03 /01 /92)
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534 Disposition of Decontamination Water

54

All water generated during the decontamination of equpment used 1n contaminated wells wall be
containerized for transport and discharged at the decontamination pad environmental hquids holding
area Refer to SOP FO 7, Handling of Decontammation Water and Wash Water for the criteria

to 1dentify clean and dirty environmental hquds All decon water will be containerized

SITE PREPARATION

Sheet plastic or viny! sheets which may be decontamnated will be used to protect clean equipment
from contacting contaminated surfaces Plastic or vinyl wrapped around the well protective casing
and staked on the ground where rope or samphing tools are placed ehminates a substantial amount
of possible source contammation Pickup tailgates, if used as a work area, may also be wrapped
1n plastic, or vinyl sheets, and this plastic or vinyl wall be changed or decontaminated at each well
Plastic bags and sheeting along with the segregation of clean and dirty equpment will be used to
reduce the chances of cross contamination sigmificantly If a mechanical bailer retrieval system 1s
used the amount of plastic appropnate for protection of sampling equpment may be lessened The

site supervisor will have the responsibility for determumng the amount of plastic sheeting required

Disposable latex or vinyl gloves will be used at all umes when handhng samphng equpment Gloves
will be changed between each site and as often as necessary to ensure the mtegrity of clean

sampling equipment

(4011 920-0113-920)(GWEREV 2)(03/01/92)
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55 COLLECTION OF IMMISCIBLE LAYER SAMPLES

o

L

When speafied in the Field Sampling Plan (FSP) and/or the well to be sampled contains immiscible
layers, the immusaible phases must be collected before purging actvities begin - The appropriate
method for detecting these layers 1s discussed in SOP GW 1, Water Level Measurements in Wells
and Piezometers The method of choice for collecting light phase immuscibles 1s a bottom valve
bailer or peristaltic pump Dense non-aqueous phase hquids (DNAPL) or "sinkers” will be collected
with a bottom double check valve bailer or penstaltic pump

In all cases, care must be taken to carefully lower the bailer into the well so that agitation of the
mmiscible layer 1s mmmal Any bailer used to collect immiscible layers will be dedicated to the
well which 1s sampled Penstaltic pumps will be equipped entirely with siiceous tubing when
samphng immisaible layers Dedicated equipment used for collecting immuscible layers will be
decontaminated prior and after use as described i Subsection 5.3 of this SOP Immuscible layer

sampling will be performed as follows

. Dedicated bailers will be removed from the well and decontaminated as specified
i Subsection 53 of this SOP Dedicated pump tubing 1f used will also be.

decontaminated prior to use

. For light non-aqueous phase hiquids (LNAPLs), the bailer mtake or samphing port
will be carefully lowered to the midpomnt of the immiscible layer and allowed to
fill while 1t 1s being held at this level The baler must be lowered into the
mmuscible layer slowly so that mimmal agitation of the immusable layer occurs
Penstaltic pump 1ntakes will also be lowered to the midpoint of the immuscible

layer

(4011 920-0113-920)(GW6REV.2)(03/01/92)
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If a DNAPL layer 1s being sampled, either the double check valve bailer or
penstaltic pump may be used The baler will be lowered into the well until
bottom 1s encountered Peristaltic pump ntakes will also be lowered to the well
bottom Care must be taken not to submerge the pump mtake into accumulated

sediments

At no time should the bailer or line be allowed to touch the ground or come 1n
contact with other physical objects that might introduce contaminants wnto the well

Immedately after sampling 1s completed, all equpment wll be decontaminated
Dedicated bailers will be suspended in the well from the well cap The bailer will
be suspended above the high water level Siliceous tubing used with pernistaltic
pumps will be discarded

56 WELL PURGING

Purging stagnant water from a well 1s requred so that the collected sample 1s representative of the

formation groundwater The device used (baler or pump) depends upon aqufer properties,

mdmvidual well construction, and data quality objectives Wells which contain immusaible layers wall

not be purged Any well scheduled for purging and samphng that subsequently has immiscible
layers identified must be reported to EG&G The EG&G project manager will be notified

iummediately prior to continued activitics

Before obtamming water level elevations or mtiation of purge activity, obtamn the following

mformation 1n reference to the well to be sampled

Well location

Diameter(s) of well

(4011 920-0113-920)(G WSREV.2)(03/01/92)
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. Depth of well
. Screen interval(s)
o Information on environmental matenal disposal methods (1 €., acceptable disposal

methods, sites, and receptors)

Record the well number site, date, samphing team members, visitors, well condition, and any other

pertinent information on the field logsheet, or 1n the field logbook

The data collected during instrument calibration will be recorded on the sample collection form or
appropriate calibration log 1n order to document that the cahibration was performed in a satisfactory
manner Instruments will be calibrated as described in SOP GW 5, Measurement of Groundwater

Field Parameters

Water level measurements will be collected as specified in SOP GW 1, Water Level Measurements
in Wells and Piezometers Measure the depth to the top of the water column and the total depth
of the well in order to determine the height of the water column wn the well Calculate the well
casing volume using the well casing inner diameter and the height of the water column 1n the well

The formula for calculating the volume 1n gallons of water 1n the well casing 1s as follows

(Q r*h) 7481 = gallons, where Q = 3 142
r = mside radius of the well pipe 1n feet
b = hnear feet of water 1 well

7481 = gallons per cubic foot of water

. Calculations of the volume of water 1n typical well casings may be done as follows

a 2" diameter well

016 gal /ft x (lnear ft of water) = gallons of water

(4011 920-0113-920)(GW6REV 2)(03/01/52)
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b 4" diameter well

065 gal /ft x (Linear ft of water) = gallons of water
c 6" diameter well

1.5 gal /ft x (Lnear ft of water) = gallons of water

§6.1 Purging Duration
Purging will be considered complete if any of the following conditions are met

¢)) At least three casing volumes of water are removed from the well, and the last
three comsecutive pH, specific conductance, and temperature measurements
dewviate by less than 10 percent If readings are not stabihzed after three volumes,
continue purging until stabihization or until five volumes have been removed Field
parameter measurements shall be collected after every half casing volume 1s
removed from the well When casing volumes are less that 1 Iter, parameter
measurements will be collected after each whole casing volume 1s removed If
readings do not stabilize after five well volumes, obtain additional guidance from
the EG&G project manager concerning the proper course of action

2 A well 1s dewatered when the static water level requires more than thirty minutes
to recover to 90 percent of its ongnal level For wells which are screened 1 a
specific interval below the static water level, the entena of 90 percent recovery in

less than thurty minutes, will apply only to the screened nterval plus 2 feet

The recharge rate dunng recovery will be calculated haocarly by determining the
amount of recharge for a mmmum of 10 minutes This will be accomphshed by
following the procedures outhned in SOP GW 1, Water Level Measurements 1

Wells and Piezometers, to determine water levels The hinear feet of water in the

(4011-920-0113-920)| GWSREV.2)(03/01 /92)
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562

well will then be divided either by the ongmal saturated thickness or the screened
wnterval plus two feet, as appropnate This percent of recovery 1s then multiphied

by 3 to determine the recovery rate for 30 mmutes If the value obtained 1s less
than 90 percent of the well’s ongmnal saturated thickness, prior to the start of
purging, then purging will be considered complete

Wells that dewater (have a slow recharge rate that 1s less than that specified in (2) above) will not
be restricted by parameter stabilization requirements Samphing of these wells will follow the

protocol established 1n Subsection 5 8

If a well does not dewater, and the collection method for volatile organic compound (VOC) sample
collection 1s different from the purging method, parameters will be measured from the first water
evacuated by the new method after the collection of the VOC sample If the parameters measured
are not within the tolerances allowed, as specified in Item (1) above, the previously collected VOC
samples will be discarded, and purging with the new evacuation method will continue until three sets
of readings are collected that indicate stabilization of the parameters within the hmits specified m
item (1), above The VOC sample will then be collected again followed by the remaining sample
suite

o

Purging Methods

Wells will be purged by either bailing or pumping When purging a well, care will be taken to
ensure that the rate of water withdrawal during purging never exceeds the rate of withdrawal at
which the well was developed All purge times (itiation and completion) and the rate of purging
will be recorded on the field log sheets

{4011 920-0113-920)(G W6REV 2)(03/01/92)
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5621 Baling
Generalized procedures for purging a well with a baler are as follows

o When purging a well with a bailer, the site will be prepared as discussed mn
Subsection 54  Properly decontaminated equipment will then be used to
determune the static water level of the well The total depth of the well will be
measured This information will be used to determine the volume of water in the

well casing

. A 5 foot leader of Teflon® coated stainless steel cable will be attached to the
bailer New rope of polypropylene or other nert matenal, will be securely tied to
the leader The rope length should be approximately equal to the total depth of
the well If a mechamical reel equipped wmith a stainless steel cable 1s used, attach
the baler directly to the cable The baler will be slowly lowered into the well
until water 1s encountered Agtation of the well water will be mimmized
Lowenng the baier to the bottom of the well will be avoided so sediments
accumulated i the bottom do not become suspended For wells that dewater, the
Bailer should not be allowed to strike the well bottom with force The baier will
be raised either by hand, ensuring that the rope or cable does not come 1n contact
with any potentially contaminated surfaces The bailer should be raised and
lowered slowly to limit surge energy Also, the rope or cable should not be
allowed to drag along the well casing or aganst other objects that will cause
fraying The discharge rates and the amount of water purged will be monutored

Wells with significant levels of coptamination may have dedicated bailers installed These wells wall
be selected by EG&G  Dedicated bailer systems will consist of a Teflon® bailer with check valve

(4011-920-0113-920)(GW6REV.2)(03 /01 /92)
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Al

or double check valve for DNAPLS and a 5-foot leader of Teflon® coated stamnless steel Bailer
sampling attachments and rope or stainless steel reel cable will not be dedicated to individual wells

Prior to the imtiation of purging all dedicated equipment will be decontamnated as described 1n
Subsection 53 of thus SOP Dedicated equpment will be decontaminated at the conclusion of
sampling activities and suspended from the well cap above the high water table If the well interval
above the lugh water table 1s not adequate to allow for storage 1n the casing, dedicated equipment

will be stored in labeled and sealed plastic bags at the equipment trailer
3 5622 Pumping
Pump designs that meet the following criteria are allowed for purging

. The pump 1s constructed of a matenal that does not introduce a source of

| contamination to the well

o The pump drive system does not introduce a source of contamination mnto the well
*

. All downhole parts to the pump can be easily decontaminated

N A return check system that does not allow pumped water to return to the well 1s

| mtegral n the pump design

. The pump 1s easily used and does not require excessive amounts of time to install,

use, remove, and decontaminate

A vanety of pumps are currently 1n use to purge groundwater These mclude penstaltic pumps,

Yger

submersible piston pumps, and wnertial pumps Procedures for the use of each style of pump 1s

(4011.920-0113-920) (G WEREV.2)(03/01 /92)
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specific to its apphications User manuals, which accompany each pump, will be referenced for

operating procedures
Basic operating procedures common to all pumps are as follows

. Regardless of the type of pump being utilized, the site will be prepared as
described 1n Subsection 54 Properly decontaminated equipment will be used to
determine the static water level and total depth of the well This information will

be utibzed to determine the volume of water in the well casing

. Decontaminated pumps should be positioned at the top of the water column As
the water column 1s drawn down, the pump will be lowered an equivalent distance
This method ehminates the stagnation of water above the pump For wells that
historically dewater or in cases where a permanent dedicated pump has been
mnstalled, the pump may be positioned near the bottom The discharge rates and
the amount of water purged will be momtored during purging Pumps will be
decontaminated as soon as practical after use following procedures described 1n

Subsection 5 3 of this SOP

. Tubing, which 1s used for purging wells, that enters the well casing should be
constructed of an 1nert material Disposable silicon tubing will be used in the
drive mechanism of penstaltic pumps and discarded after each well 1s purged The
air supply for all air driven pumps will be free of ol (1e, no hydrocarbon
contaimng substances will be added to the compressor)

(4011-920-0113-920)( GWGREV.2)(03 /01 /92)
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5.7 FIELD PARAMETERS

SOP GW.5, Field Measurement of Groundwater Field Parameters, will be followed The following
field parameters will be measured dunng groundwater sampling

Parameter Relative Precision Mmimum Cabbration
pH 01 pH umts ) Daily
Conductivity 10 uS/cm Daily
Temperature 1°C Weekly
Dissolved Oxygen (D O)

photometnic 1 mg/l Each sample
Total Alkalinty 1 mg/] Each well

unfiltered
Nitrate as N

photometnc 1 mg/! Each sample
Turbidaty,

photometnic (FTU) 2FTU Each sample

The measuring equipment wall be stored and bandled 1 2 manner that will maintain the integnty
of the equpment Spectfic procedures and requirements for calibration and use of measuring
equipment are given m SOP GW 5, Field Measurement of Groundwater Field Parameters
Appropnate field manuals will accompany each mstrument in the field Each mstrument will also
be given an identification number  All logbook and field form references to individual instruments

will refer to this number for ease of 1dentification
Field parameters will be measured at the following mntervals

. Conductivity, pH, temperature, D O, and turbidity will be measured prior to well
purgmng This imtial ball of water wall be carefully removed from the well Thus
water will be transferred to a sample beaker by decanting the baier through a
bottom control valve Wells purged with a pump will ssmilarly have the first water

removed, and measured for parameters D O will be measured first to hmit the

(4011-920-0113-920) (GW6REV.2)(03/01/92)
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sample’s exposure time to the atmosphere Conductmvity, pH, and temperature wall

then be measured

During purging operations, conductivity, pH, and temperature will be measured
after every half casing volume’ of water 1s removed from the well Wells that
have half volumes less than the volume of a sample bailer will only be measured
after every full casing volume of water 1s removed from the well DO and
turbidity wall be measured at least once during well purging at the discretion of the

sampling crew

During purging, if a well 1s dewatered prior to the measurement of the final
required set of parameters, then conductivity, pH, temperature, and turbidity will
be measured immedately before the start of sample collection These parameters
may be delayed until samplhing 1s completed if, at the discretion of the sampling
crew, the well recharge has provided msufficient water volume to collect all the

samples and also measure parameters

The final D O will be measured immediately following volatile sample collection
Water remaining in the bailer after the filling of VOC wials will be transferred to
a beaker using the bottom decanting valve A determined effort wall be made to
himit this water from agitation and exposure to the atmosphere If there 1s
msufficient water 1o the baier to perform this test, water decanted from the next
bailer of water will be used to measure D O prior to any sample collection This

parameter may be delayed until samphing 1s completed i, at the discretion of the

A half-volume 1s defined as the volume of one-half the imtial well casing water volume, which will
be calculated as specified 1n Subsection 56

(4011-920-0113-920)(GW6REV 2)(03/01/52)
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sampling crew, the well recharge has provided insufficient water volume to collect

all the samples and also measure parameters

Whenever a method used to remove well water 1s changed, a set of field

parameters will be recorded from water removed with the new method

Nitrate will be measured from purge water generated at wells 1n the vicinity of the

West Spray Field The water tested will come from the first purge volume

Total alkalimty measurements will be collected only once upon completion of
purging For wells that do not dewater and sample collection proceeds to
completion immediately after purging, alkalimty will be measured after the
completion of all other final purge ficld parameters Wells that dewater and
require repeated visits for the collection of samples wall have alkalinity measured
subsequent to the collection of the sample for morgamc water chemstry

Alkalimty will not be measured if sufficient water 1s not available

58 GROUNDWATER SAMPLING

TFechmques used to withdraw groundwater samples from a well wall be based on consideration of

the parameters of interest The order of coliection, collection techmques, choice of sample

contatners, preservatives, and equipment are all critical to ensure that samples are not altered or

contammnated The preferred methods for collecion of groundwater samples are either baiing

and/or the use of bladder pumps

4011 920-0113-920)(GW6REV.2)(03/01/92)
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581  Sample Collection

The following discussion mvolves collection of groundwater samples using bailers, and penstaluc
or bladder pumps Regardless of the collection method, care will be taken not to alter the chemical
nature of the sample during the collection activity by agitating the sample or allowing prolonged
contact with the atmosphere In order to assist 0 mimmizing the potential for altermg the sample

and maxumzing the available water, the following sample collection sequence 1s preferred

. Radiation Screening

. HSL VOC

. BNA

. Pesticides/PCB

. TDS, CL, F, SO,, CO,, HCO,

L Nitrate/Nitrite, as N

o TSS

e Gross alpha and beta

. B/BAY B, B8y

. Dissolved Metals - TAL, wath Cs, L, Sr, Sn, Mo, S1
. Tetal Metals - TAL, with Cs, L1, Sr, Sn, MO, $1
) /%0 Plutomum, ' Amencium

o Tntium

. *®/Strontium

. 2828R adium

. ¥ Cestum

. Cyamde

. Orthophosphate

(4011-920-0113-920)(GWEREV 2)(03/01 /92)
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Upon completion of purging, VOC samples will be collected first Sampling 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 purging (1 e, displacement or peristaltic pump), then all other samples will be collected

prior to removing the pump from the well

For wells that dewater, the well will be allowed to recover 50 percent of its original volume before
the start of samphing If a well wall not recover 50 percent within 24 hours after dewatering, the
VOC sample will be collected when a sufficient volume of water has accumulated for VOC sample
collection The calculation for recovery will be performed as described in Subsection 561
However, 50 percent recovery will be used nstead of 90 percent If a sufficent volume of water
for VOC sample collection has still not accumulated within 24 hours after the completion of

purging, VOCs will not be coliected for that well

The containers used for sample collection from poor producing wells may differ from those used
for high yield wells 1n some instances due to constraints on obtaiung enough sample to fill sample
containers In some instances smaller containers may be utihzed, or chemical parameters normally
collected 1n separate contamners may be combmed into a single container Well histories can be
used to 1dentify which wells may require the modified sample suite These wells will be sampled
for a maxumum of 32 hours after the completion of purging, with the exception of VOC sample
collection discussed 1n the previous paragraph The completion of purging will be considered 0
bour At the end of 32 hours, partial samples will be measured If a well 1s purged 1n the a.m on
day one, then the well can be sampled anytime the next day Accumulated sample will be compared
to the mmmum volume requrements 1dentified 1n Table GW6-1 If the mmmmum volume
requirement for the target parameter has not been achieved, the partial sample and bottle will be
disposed This volume may be less than the typical volume collected All parameters which bave

only mmmum samples volumes collected and all uncollected parameters will be documented

(4011-920-0113-920)(GWSREV 2)(03/01/92)




- GROUNDWATER SAMPLING

EG&G ROCKY FLATS PLANT Manual: 5-21000-OPS
EMD MANUAL OPERATION SOP Procedure No.: GW.6, Rev. 2
Page 24 of 38
Effective Date: March 1, 1992
Category 2 Organization* Environmental Management

The order of the parameters in this sample hierarchy may be changed at the discretion of the
samphing team Changes n the hierarchy will be based on the predicted number of parameters that
will be collected The samphng team must document their calculations that will substantiate any
change n the sample order prior to deviation from this plan

Sample contamners will be stored away from sunhght and will be cooled to 4°C pnor to filing
Immediately after collection, samples requring coohing wll be cooled to 4°C A chulled cooler will
be used as the storage contamner Whenever a sample bottle which requires chilling 1s not being
physically handled, it will be placed in the cooler to prevent heating or freezing, exposure to
sunhght, and possible breakage

A

LR T
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TABLE GW.6-1
SAMPLE CONTAINERS AND PRESERVATIVES
FOR GROUNDWATER SAMPLES
MINIMUM

PARAMETER CONTAINER' ERESERVATIVE
Radiation Screen 6 oz poly None
VOC - CLP 2 - 40ml amber glass Cool to 4°C
BNA 1 L amber glass Cool to 4°C
Pestiades/PCB 1 L amber glass Cool to 4°C
TSS 125 mli poly
TDS, Cl,lfc (S)?,, CO,, 1L poly Cool to 4°C
Metals s?,“&,“&“&,%ﬁ’ Ly, 1L poly Fcicl’toclrfg,}%NO, to pH <2,
TOC 125 ml poly H,SO, < pH2 Cool to 4°C
COD 125 ml poly H,SO, < pH2 Cool to 4°C
Metals -S(x;,l‘gn,mhsiho,cssi Ly, 1L poly ggglltg%g, HNOQ, to pH <2,
Orthophosphate 250 ml poly Filtered, Cool to 4° C
Nitrate / Nitrite as N 250 ml poly H,SO, to pH <2, Cool to 4°C
Cyamde 1L poly 21% OH to pH >12, Cool to
Gross Alpha / Beta 550 ml poly HNO, to pH <2
m/Bay, BU, 22U 100 ml poly Filtered, HNO, to pH <2
/4opy 1L poly HNO, to pH <2
MAm 1L poly HNO, to pH <2
®/%Sr 700 ml poly Filtered, HNO, to pH <2
/3R a 750 ml poly Filtered, HNO, to pH <2
17Cs 25 L poly Filtered, HNO, to pH <2
’H 100 ml glass

! The volume hsted 1s the mmmmum amount required for analysis

Actual sample volumes may be

shightly hugher and some parameters may be combined 1n a single contamner

(4011-920-0113-520)(GWEREV 2)(03/02/92)
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VOC samples will be collected using a bailer equipped with a bottom-decanting control valve Vials
will be filled by dispensing water through the control valve and along the mnside edge.of the shghtly
tilted sample vial Care will be taken to ehminate aeration of the sample water The vials will be
filled beyond capacity so the resuling memscus will produce an airtight seal when capped The
capped vial will be checked for trapped air by lightly tapping the vial 1n an inverted position If air
becomes trapped in the vial, the sample water will be discarded, and the vial will be refilled. If two
consecutive attempts to fill a VOC wial result in trapped air bubbles, the vial will be discarded

VOC wials will never be filled and stored below capacity because of insufficient quantities of water
1m0 the baller Except for the VOC wials, adequate air space should be left 1n the bottle to allow for

€xpansion

Sites will be prepared prior to sampling as described in Subsection 54 All necessary and
appropriate information will be recorded on the appropnate field forms or 1n the logbook

Samples will be placed in the approprniate contaners and packed with ice m coolers as soon as
practical Packaging, labehng, and preparation for shipment wall follow procedures as specified in
SOP FO 13, Contanenzing, Preserving, Handhing, and Shupping of Soil and Water Samples When
samphng 1s complete, the well cap will be replaced and locked

Samphng tools, instruments, and equipment wall be protected from sources of contamination before
use and decontaminated after use as speafied in Subsection 53 Liquds and matenals from
decontamination operations will be handled 1n accordance with SOP FO.5, Handling of Purge and
Development Water Sample contamners will also be protected from sources of contamination
Sampling personnel will wear chemical-resistant gloves when handling samples Gloves will be

decontaminated or disposed of between well sites

(4011 920-0113-920)(GW6REV.2)(03/01 /92)
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5811 Groundwater Samphng Using a Baller

Thus portion of SOP GW 6 describes the use of a bailer for collecting groundwater samples that may
be used to obtan physical, chemical, or radiological samples

A bailer 1s carefully lowered 1nto the well by means of a new polypropylene rope or other hine made
of wert matenal After filing within the well, the bailer 1s withdrawn by retrieving the bailer Lne,
and the baier contents are dramned into the appropnate contamers Certamn recommendations
and/or constramnts should be observed when using ballers for samphng groundwater quality

momtoring wells

. Only bottom-filling Teflon® bailers or bailers made of other inert matenals will be
used
] Only unused, decontaminated, or dedicated bailer line will be used A 5-foot

leader of Teflon® coated stainless steel cable will be attached to the bailer

. A reel upon which the baer line may be wound 1s helpful 1n lowering and raising

the baier It also reduces the chance of contamination
. Bailers constructed with adhesive jomnts will not be used

Lower the bailer slowly to the imnterval from which the sample 1s to be collected A determined
effort will be taken to mummize disturbance of the water column when raising and lowenng the
baier 1n order to prevent aeration of the water column For VOCs, sample bottles will be filled
by allowing the water to flow out the valve 1 the bottom of the bailer and into and along the side
of the sample bottle The remainder of the samplhng water will be collected mn a stainless steel

(4011.920-0113-920)(GW6REV.2)(03/01 /92)
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58.12

5813

contamer Sample contamners will then be filled from the water in the stainless steel contaner

Samples requiring filtration will be filtered and then containenzed.

Groundwater Sampling Using a Penistaitic Pump

Use of perstaltic pumps will be hmited to collecting sample ahquots for radionuchdes, metals, and
other species that are not subject to volatilization and degassing Penistaltic pumps will never be
used to collect volatile organucs or other volatile species All downhole tubing will be composed of
Teflon® Only the portion of tubing which 1s inserted mto the mechamical drive will be made of
sibca Ths drive portion of the tubing will be discarded after each use

Groundwater Samplhing Using a ®Bennett Gas-Powered Piston Submersible Pump

The gas-powered piston submersible pump 1s a portable system for purging wells with water depths
up to 250 feet The system 1s operated by compressed gas (air or mitrogen) and driven by an air
motor The pump 1s self-pnming, and the gas that drives the pump does not contact the purged

water The pump 1s constructed from stainless steel and can be decontaminated easily

The feasibility of using this pump for well purging and sampling will be the responsibility of the site
supervisor The following criteria will be considered when using this pump

. The compressor used to power the pump will be located a mimmum of 15 feet

downwind from the well to chminate the contamination of equipment with exhaust

. If the seal located between the motor and the pump 1s bndged, air will exit
through the discharge hne If this problem occurs, pump operations will be
stopped and the seals replaced If the shaft 1s worn and a proper seal cannot be
mamntained, the shaft wall be replaced

(4011-920-0113-920)(G WREV.2)(03/01 /92)
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. Upon completion of purging, the pump will be allowed to continue pumping at a

rate no less than .5 liters per minute Allowing the pump to stop will cause the
water trapped 1n the discharge hines to equilibrate to ambient temperatures  Thus
1s not acceptable Dunng samphng, the pump can be slowed to any rate which
allows efficient samphng

. After completion of sample collection, the pump must be removed to allow for
VOC sample collection with a bailler While retneving the pump, water used to
rinse the hnes will not be allowed to trickle nto the well

582  Sample Filtering and Preservation

Samples for dissolved metals, Gross Alpha/Beta, ®/®Uramum, **Uramum, **Uramum,
®/™Strontium, ’Cesium, ?*Radium, ?*Radium, and orthophosphate will be filtered n the field at
the well location duning the sampling event through a disposable 0 45-micrometer membrane filter

If a penstaltic or bladder pump 1s being utilized, a disposable filter may be attached directly to
the sample delivery hine so that the sample s filtered directly into the sample contamner as 1t exits
the delvery ne Discharge pressure will be gauged so it does not exceed 50 ps1  Alternatively,
sample water may be collected 1n a stainless steel container and filtered wath a penstaltic or vacuum
pump Samples to be analyzed for volatile organic species will not be filtered Before sample
collection, 100 to 200 milhhters of sample water will be passed through the filter 1 order to nnse
the filter and filtration apparatus of possible contamnating substances

Samples requiring filtration will be filtered prior to addition of preservative chemicals Preservatives
will be added to sample bottles prior to the introduction of sample water The preservative will be
added 1n multiple S ml ahquots appropnate to the size of the bottle One-liter bottles will have

5 ml of sample added prior to sample collection, while 4-liter bottles may have up to 20 ml of aad

(4011-920-0113-920)(GW6REV.2)(03/01/92)
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583

584

added After sample collection has been completed the pH of preserved samples will be checked

as follows
. A small amount of sample will be poured from the sample bottle directly onto
approved pH paper Care will be used so that the threaded neck of the bottle
does not contact the pH paper
. The Ph paper will be checked against the supphed color chart If the appropriate

Ph bas not been achieved, additional preservative will be added to the sample 1n
5ml] ahquots, and the Ph test will be repeated

Sample Screening

A sample for radiation screemng will be collected for each well sampled, as specified in
Subsection 581 This sample may be obtained from static well water up to 3 days before the
sampling event If the radiation screen s being collected during the samphing event, it may be
obtained from the purge water prior to completion of purging This sample will be dehvered to
the EG&G or subcontracted radiation screening laboratory on the day after collection The sample
will be screened for gross alpha, and samples from the corresponding well will be handled according
to the levels of radioactmty detected m the sample, as specified in SOP FO 13, Contamnerizing,
Preserving, Handling, and Shipping of Soil and Water Samples

QA/QC Samples
The frequency and types of field QA/QC samples collected dunng groundwater sampling are

described 1n the Environmental Restoration Quabity Assurance Program Plan This SOP details the
applicable critena for collecting QA /QC samples

(4011-920-0113-920)(GW6REV.2)(03/01/92)



GROUNDWATER SAMPLING

EG&G ROCKY FLATS PLANT Manual 5-21000-OPS
EMD MANUAL OPERATION SOP Procedure No.: GW.6, Rev 2
Page: 31 0f 38
Effective Date. March 1, 1992
Category 2 Organization: Environmental Management
5841 Duphcates

5842

Duplicate samples will be collected only from wells that produce enough water to collect two full
suites of analytes without dewatering The wells which produce sufficient water will be incorporated
mto the samphng program such that the required duphcate frequency can be mamntained

Wells scheduled for duplicate sample collection will be sampled as described 1n Subsection 5 8 of
this SOP  After collection of a complete suite of samples, all downhole equipment will not be
decontammated Duplicate collection will be performed using the same equipment used for the
ongmal sample collection The duphcate sample suite will be collected 1o the same order as the
oniginal sample swte beginning with VOCs  Additional field parameters wall not be measured

during duplicate sample collection
When a pump 1s being used for sample collection, all samples collected through the pump will be
collected first VOCs, collected using a baier, will follow  After collection of the original VOC

sample, the bailer will be emptied The bailer will then be lowered nto the well and allowed to fill
a second ime Water from the second filling will be used for the duplicate VOC sample

K a well 1s bemng used for matrix spike (MS) and matrix spike duphcate (MSD) samples the
duplicate will be collected after collection of the MS and MSD

All duplicate samples will be given a sample number different from the ongmnal sample

Matrix Spike and Matrix Spike Duplicate

MS and MSD samples will be collected only from wells that produce enough water to collect the
required swites of analytes without dewatering The site supervisor will assign MS and MSD
samples to reflect the different groundwater matrices established by EG&G

(4011-920-0113-920)(GWSREV.2)(03/01 /92)
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MS and MSD samples will be collected as follows

. The well will be purged as described in Subsection 5 6 of thus SOP

. After completion of purging, VOC samples will be collected The oniginal sample
will be collected followed by the MS and MSD These samples will be collected
i immediate succession All D O parameter measurements will be taken after
filhng the last VOC wial

. The remaiming parameters not requring filtering will be collected  For each
sample parameter, the origmnal sample, MS, and MSD will be collected
concurrently The ongnal sample bottle will be filled one-thurd full followed by
the MS and MSD sample bottles which will also be filled one-thurd full Each
bottle will be rotated in the sequence, filling in one-third full until all three bottles
are full For analytes not requiring a MSD, only the onginal sample and the MS
will be collected

o After the onginal sample, MS, and MSD (where appropriate) are collected for one

parameter, the process will be repeated for the next parameter

. Parameters requunng filtering will be collected similarly When a bailer 1s used,
a stainless steel bucket will be filled with sample water As samples are collected
and the reservorr of water in the bucket 1s depleted, additional water may be
added at the discretion of the sample crew  When a pump 1s used, the filter wall
be attached directly to the discharge hne Sample bottles will be filled as
described above, partially filing the onginal sample, MS, and MSD n rotating

sequence until each parameter bottle 1s full

(4011-920-0113-920)(GW6REV.2)(03/01/92)
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. Radiochemustry samples may have more than one bottle for each parameter group

5843

5844

In this case, alte€qured bottles will be included 1n the rotating sequence
. Field Parameter measurements wall not be requred for MS and MSD samples

MS and MSD samples will retain the onginal sample number However, a suffix of MS or MSD wall

be added to the sample number to correspond with each QA /QC sample

Replicates and Splits

Replicate and spht samples will be collected in the same manner as described for the MS and MSD
Replicates and splits exceeding three samples will be referred to EG&G for further mstructions

Field Equipment Rinses

Field equipment rinses will be collected 1n a manner designed to reflect samphng techmques All
equipment used during sampling will be rnnsed with distilled water The resulting nnsate will be
collected 1n bottles 1dentical to those used for the ongnal sample

58441 Baled Wells After completion of sampling, all equipment will be decontaminated Prior
to leaving the well location, the equpment ninse will then be collected as follows

. The bader will be filled with distilled water by pourning the water into the top opemng
When polypropylene rope 1s used, the water should be allowed to rinse a short section of

clean rope while filing the bailer

. The rinse water should then be decanted to the VOC wials through the bottom valve This

will be done 1n the same manner used during sample coliection

(4011 920-0113-920)(GWOREV.2)(03/01/92)
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. For the remamnng unfiltered parameters, the bailer will be filled with distilled water each

time additional nnsate 1s needed The rnsate will then be transferred to sample bottles

m the same manner used duning collection

. Filtered parameters will also be collected 1n an 1dentical manner to the onginal samples
The bailer will be filled with distilled water The nnse water will then be transferred to
a stainless steel bucket The rinse water 1n the bucket will then be filtered through a new
disposable filter

. Rinse samples will be preserved to the same Ph levels as oniginal samples

58442 Pumped Wells Only sampling equpment used during the pumping of wells will be
included in the field equipment nnse VOC nnse samples will be collected using a baier as
described 1n Subsection 58441 Disulled water will be pumped from a stainless steel bucket when

simulating samphing conditions for all other parameters These samples will be collected as follows

. Whle filhng the bucket, distilied water will be poured over the lower section of pump
power and discharge lines

. The volume of stored water wn the pump Lines wall be purged at least once with the nnse

water before sample collection

. Sample bottles will be filled directly from the pump discharge hne, simulating actual
sampling techmiques Filtered rinsate will be passed through a disposable filter attached
directly to the discharge hine

(4011-920-0113-920)(G WSREV .2)(03/01/92)
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5845 Distilled Water Blanks

59

Distilled water used for the final decontamination of equpment will be transferred directly to
sample bottles to determine any baseline contamination they may have introduced into the samples
Five gallon bottles of water will be opened 1n a controlled area such as the bottle storage room
Distilled water will then be poured directly from the 5-gallon bottle mto the appropnate sample
bottle A Teflon®, glass, or stamnless steel funnel may be used to help control flows into small
mouth bottles Blank samples will be preserved to the appropriate Ph required for each analyte

SAMPLE HANDLING AND CONTROL

Pre-cleaned sample contamers will be obtained from the contract analytical laboratory Preserving
solution will be added to the bottles by either the laboratory, the sample manager at the sample
trailer, or preferably, the sample technician 1mn the field If preserving solution 1s added by the
sample manager, the sample manager will also label the bottles to ndicate the type of sample to

be taken

The sampling containers, preservation requirements, and holding times for the various types of
analyses are shown in Table GW 6-1 Additional information on contanerizing, preserving, and
handling of the water samples 1s given 1n SOP FO 13, Containenzing, Preserving, Handhing, and
Shipping of Soul and Water Samples Groundwater samples will be properly labelled so that they
can be easily identified The sample numbering system has been assigned by EG&G  Sample

(4011-920-0113-920)( GWEREV 2)({03/01/92)
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identification (ID) numbers will be assigned to each physical sample The sample ID number will

contamn the following information as part of a nine to twelve character, alpba-numeric code

Character(s)  Descnption Code

1and 2 Project ID GW

3 through 7 Sample Number 00001 to 99999

8 and 9 Subcontractor ID Alpha (eg IT = International Technology
Corp)

10,11, and 12 QA/QC MS for matrix spike, MSD for matrix spike
duplicate

[t

Sample numbers will be assigned on a daily basis by the subcontractor’s sample manager Numbers
will be assigned consecutively, beginning with 00001 Assignment of sample numbers will be tracked

and mamtained on the subcontractor’s computer at the subcontractor’s base office |

60 DOCUMENTATION

All field activities will be recorded on Form GW 6A, Field Activity Daily Log, Form GW 6B,
Groundwater Sample Collection Log, and Form GW 6C, Well Status Form Summary information
of the days activities or needed information not recorded on the field forms should be recorded 1n
2 bound field logbook Logbooks and field forms will be assigned to field personnel and will remain
m their custody during all sampling activities The cover of each logbook will contam the foliowing

information at a mummum

. Name of the organization to which the book 1s assigned
. Book number

. Project name

. Start and end dates

(4011 920-0113-920)(GWGEREV 2)(03/01/92)
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Logbook pages will be sequentially numbered before any data recording All data and information
pertinent to field sampling will be recorded 1n the logbook or on the field forms that :dentify all
requred data entnes Enough detail must be included 1n the documentation to reconstruct the

samphng event Field form entnes will include the following mimmum information

. Date and time

. Names of field personnel

. Names of all visitors

. Location of field activities

. Description of sampling sites ncluding weather conditions

. All field observations and comments

. Field parameters

N Sample 1dentification nformation

. References to all prepared field activity forms and chan-of-custody records

Field logbooks will normally be kept only by the field sampling team leaders and the site supervisor
and will be used only to summarize field activities and to document project information not required
by the SOP field forms

Permanent ink will be used for all entnies 1n the logbooks and on the ficld forms Mistakes will be
crossed out with a single line, imtialed, and dated Unused pages or partial pages will be vorded
by drawing a line through the blank sections and mmtialing Any dewviation from this SOP will

requre documentation 1n the site supervisor’s logbook

The field actvity daily log narrative should create a chronological record of the media team’s
activities, mcluding the time and location of each actvity Any descnptions of problems
encountered, personnel contacted, devtations from the SOP, and wisitors on site should also be

mcluded The weather conditions, date, signature of the person responsible for entnies, and the

(4011-520-0113-920)(GWOREV.2)(03/01/92)
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number of field activity daily log sheets used to record media team activities for a given day will also
be ncluded

The Groundwater Levels Measurement/Calculations Form (see SOP GW 1, Water Level
Measurements 1 Wells and Piezometers) and the Chain of Custody Record (see SOP FO 13,
Contamerizing, Preserving, Handling, and Shipping of Soil and Water Samples) will also be
completed for each site All blank fields on the forms must be completed or voided

(4011-920-0113-920)(GW6REV 2)(03/01/92)
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U S Department of Energy Rocky Flats Plant Form GW 6A (Rev.2)

3| Date
3
1d - - e sh t r
Field Activity Daily Log et o
ROCKY FLATS PROJECT Ground Water Sampling Program PROJECT NO
FIELD ACTIVITY SUBJECT
DESCRIPTION OF DAILY ACTIVITIES AND EVENTS
VISITORS ON SITE CHANGES FROM PLANS AND SPECIFICATIONS, AND

OTHER SPECIAL ORDERS AND IMPORTANT DECISIONS

WEATHER CONDITIONS (preap temp ,clouds) IMPORTANT PHONE CALLS

SAMPLING TEAM PERSONNEL

SIGNATURE OF PREPARER DATE
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Form GW.6B

US. DEPARTMENT OF ENERGY ROCKY FLATS PLANT Page 10f 2
GROUND WATER SAMPLE COLLECTION LOG Revision 1

~'jro;ect Name: Quarterly Ground Water Sampling Sample No.: GW IT

Jroject No.: 304802 | . . Well 1.D.

COC/RFA/ No. Samples Collected By:

COC/RFA No. . Zone:

QC Review By/Date: Dates Collected:

PURGE METHOD - TYPE USED:

0O pume O perisTALTIC O otHeR

O sawner O terFLoN O oTHeER

1D = Well Casing Inside Diameter {(inches) =

UV = Unit Casing Volume (gal/linsear foot) =

WO = Depth to Water (feet) =

TD = Total Depth (leet) = Moasured Total Depth (MTD)+Probe End
1IC = Initlal Water Column (feet) = TD - WD = - =

PURGING REQUIREMENTS & CALCULATIONS - Datum: Top of Well Casing (TOWC) PURGE DATE

IV = Initiat water Volume (gallons) = UV x IC = x

SD = Depth to Top of Screen = ____ - 21t = __________
Is WO less than SO - 21t? (Y/IN) {ft Y then
AC = Adjusted Water Column(ft) = TD-SD = - -

AV = Adjusted Casing Volume(gal) = UVXAC = x =

4 11 No then 3 x IV = 3 x =

j Checked by

LPURGED VOLUMES and RECHARGE
Volume Water Desoription
Purged Temp Conductance pH oo Nitrate Time Turbidity (Cotor, Turblgity,
(GAL) c) {m8/cm) (3V) (mg/L) (ppm) (24-nour) (FTU) Odor Ol etc
PURGE VOLUMES & RECHARGE
Actual purged volume (gallons) = Purged dry? (Y/N) =
90% of 1C = 0 9 x IC(or AC) = O 9x =
10 minute Water Level Recovery Time Start * Time Stop
ER = Estimatec 30 minute recharge = (TD-10 minute WD)x3=( - Yx3=
yPepth to water pito¢r to sampling Time Date
J?Dopth to water prior to sampling Time Date
Depth 1o water piior to sampling Time Date
Crecked by

tip_08

2/0191




1611012 =

wow | Somt | Somw Soret | Somt | Tos'n Somn | Som saud
34 u 234 034 £34 / \ varwd
7
w w w Fial wo Plal » w
o5 Fi ] woe wvo s oor wo 4n osy o Pod \/ 3INN10A
SOHd | Banvag YA wind Y awn Y oM W77 @1 | nasuas / g
o “u 18 82 L) nvine | AW A 777 ner | Yo avu Iviuve

ound ON Vidm

d1vd

INY1d SLYT4 AYOOY . ——

) "ON Wv3L

| uoisjABH

WHO4 SNLY.LS T1aM AOU:ING 40 pz.:%:_é 1a sn
M9 utog




Thisis a

ONTROLLED DOCUMENT

=G&G - ROCKY FLATS PLANT
-NVIRONMENTAL MANAGEMENT

., This1s a RED Stamp AQUIFER PUMPING TESTS
)
EG&G ROCKY FLATS PLANT Manual 5-21000-OPS
EMD MANUAL OPERATION SOP Procedure No. GW.S, Rev 1
Page: 10f28
Effective Date’ March 1, 1992
Category 2 Organization Environmental Management

TITLE Approved By o
AQUIFER PUMPING TESTS WY /[ ! ¥ A
(Date)

10 TABLE OF CONTENTS 1

20 PURPOSE AND SCOPE 3

30 PERSONNEL QUALIFICATIONS 3

40 REFERENCES 4

41 SOURCE REFERENCES 4

42 INTERNAL REFERENCES 6

50 EQUIPMENT AND PROCEDURES 7

R 51  EQUIPMENT 7

52 WELL INSTALLATION AND DEVELOPMENT 8

521 Determination of Aqufer Pumping Test Well Location 8

522  Aquifer Pumping Test Well Installation 9

523  Aqufer Pumpimng and Observation Well Development 9

53 PROCEDURES 12

$31  Aquifer Pumping Test Design 13

T R - 532  Step-Drawdown Tests . 18

%533  Constant-Rate Discharge Tests 19

54 METHODS OF ANALYSIS 20

541  Steady-State Solutions ) 20

542  Transient Solutions 21

6.0 DOCUMENTATION 25

REVIEWED FOR CLASSirICATION/UCNt

(4011-920-0168-920)(GWSREV 1)(05/06/92)




e

AQUIFER PUMPING TESTS

EG&G ROCKY FLATS PLANT Manual: 5-21000-OPS
EMD MANUAL OPERATION SOP Procedure No.: GW&, Rev. 1
Page: 20of25
Effective Date* March 1, 1992
Category 2 Organization: Environmental Management
LIST OF TABLES
TABLE GW 8-1 TIME INTERVALS FOR TIME-DRAWDOWN
DATA COLLECTION 17
LIST OF APPENDIXES
APPENDIX GW8A  AQUIFER PUMPING TEST DATA SHEET A-1
APPENDIX GW 8B  AQUIFER PUMPING TEST ANALYSIS FORMS B-1
APPENDIX GWS8C  AQUIFER PUMPING TEST APPROVAL FORM C-1

(4011-920-0168-920)(GWSREV 1)(05/06/52)



‘%/

AQUIFER PUMPING TESTS

EG&G ROCKY FLATS PLANT Manual: 5-21000-0OPS
EMD MANUAL OPERATION SOP Procedure No.: GWS, Rev. 1
Page: Jof25
Effective Date: March 1, 1992
Category 2 Organization: Environmental Management
2.0 PURPOSE AND SCOPE

Thus standard operating procedure (SOP) discusses equpment and procedures that will be used at
the Rocky Flats Plant (RFP) to conduct aquifer pumping tests i driven well points and/or drilled
and completed wells This SOP addresses "step-drawdown" and "constant rate discharge” pumping

tests, and 15 based upon information contaned in references presented 1n Section 40

An aquifer pumping test 1s an in situ test used to assess hydrauhic characteristics representatve of
the aquifer being tested Ths 1s accomplished by stressing a subject aquifer through the removal
or addition of water and measuring hydrostatic pressure response  Typically, a production well 15
pumped at fractions of full capacity with pumping rates changing 1n a time step fashion, “step-
drawdown”, and/or at a constant rate, with water levels measured at frequent ntervals mn the
production well and one or more observation wells (Walton, 1987) Time-drawdown and distance-
drawdown data are recorded and used to calculate aqufer characteristics through type-curve
matching, straight-line matching or inflection-point techmques

PERSONNEL QUALIFICATIONS
Personnel conducting the aquifer pumping test will be geologists and/or engineers with backgrounds

i hydrology, or field technicians with an appropniate amount of applicable expenience or on-the-job
training under the supervision of other quahfied personnel

(4011-920-0168-920)(GWBREV 1)(05/06/92)
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4.0 REFERENCES

41 SOURCE REFERENCES

The following 1s a hst of references reviewed prior to the wnting of this procedure

Bear, J, 1979, Hydraulics of Groundwater McGraw-Hill, New York, 567 p

Birsoy, Yuksel L and Summers, W K., 1980, Determination of Aqufer Parameters From Step
Tests and Intermittent Pumping Data Ground Water, Vol 18, No 2, pp 137-145

Boulton, N S, 1963, Analys:s of Data From Non-equiibrium Pumping Tests Allowing For Delayed
Yield From Storage Proc Inst Civ Eng [Londcl)n], Vol 26, pp 469-482

Cooper, H H, Jr, and Jacob, C E., 1946, A Generalized Graphical Method For Evaluating
Formation Constants and Summanzing Well Field History Am Geophys Union Trans, Vol 27
No 4, pp 526-534

Cooper, H H, Jr, 1963, Type Curves For Nonsteady Radial Flow in an Infinite Leaky Artesian
Aquifer, in Bentall, Ray, compiler, Short-cuts and Special Problems mn Aquifer Tests U S Geol
Survey Water-Supply Paper 1545-C, pp C48-C55

Dnscoll, Fletcher, G, 1986, Groundwater and Wells Johnson Division, St Paul Minnesota, 1,089
P

Freeze, R A, andJ A Cherry, 1979, Groundwater Prentice-Hall, Inc, Englewood, NJ, 604 p
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Gringarten, A. C, 1982, Flow-test Evaluation of Fractured Reservorrs Geological Society of
America, Speaal Paper 189, pp 237-263

Hantush, M S, 1955, Preliminary Quantitative Study of the Roswell Ground-water Reservoir, New
Mexico New Mexico Inst Mining and Technology, 113 p

Hantush, M S, 1960, Modification of the Theory of Leaky Aquifers Jour Geophys Research, Vol
65, No 11, pp 3713-3725

Hantush, M S§ and C E Jacob, 1955, Nonsteady Radial Flow 1n an Infimte Leaky Aquifer Am
Geophys Union Trans, Vol 36, No 1, pp 95-100

Harlan, R L, K. E Kolm and E D Gutentag, 1989, Water-Well Design and Construction
Elsewier, New York, 35 p

Jacob, C E, 1963, Determimng the Permeabibity of Water Table Aquifers, in Bentall, Ray,
compiler, Methods of Determinming Permeability, Transmussibility, and Drawdown U S Geol
Survey Water-Supply Paper 1536-1, pp 272-292

Kruseman, G P, and N A Dc Rudder, 1983, Analysis and Evaluation of Pumping Test Data.

International Institute for Land Reclamation and Improvement, Wageningen, The Netherlands, 200

P

Papadopulos, S I, 1965, Nonsteady Flow to a Well 1n an Infinite Amisotropic Aquifer Procecdings,
Jubrovnik Symposium on the Hydrology of Fractured Rocks, International Association of Scientific

Hydrology, pp 21-31
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Pnckett, T A, 1965, Type-curve Solution to Aquifer Tests Under Water-table Conditions Ground
Water, Vol 3, No 3, pp 5-14

Lohman, S W, 1979, Ground Water Hydrauhcs U S Geol Survey Prof Paper 708, 70 p

Thess, C V, 1935, The Relation of Lowering the Piezometric Surface and the Rate and Duration
of Discharge of a Well Using Groundwater Storage Amer Geophys Umon Trans, Vol 16, pp
519-524

U S Environmental Protection Agency (EPA), Ground Water Handbook, Office of Research and
Development, EPA/625/6-87/016, March 1987, 212 p

Walton, W C, 1962, Selected Analytical Methods for Well and Aquifer Evaluation State of Ilnoss
Department of Registration and Education, Bulletin 49, p 6

Walton, W C, 1970, Groundwater Resource Evaluation McGraw-Hill Book Co, New York, 664
p

Walton, W C, 1987, Groundwater Pumping Tests National Water Well Association, Lews
Publishers, Inc, Chelsea, Michigan, 201 p

INTERNAL REFERENCES

Related SOPs cross-referenced by this SOP are as follows

. SOP FO 3, General Equpment Decontamination
. SOP FO 5, Handling of Purge and Development Water
. SOP FO 7, Handling of Decontammation Water and Wash Water
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. SOP FO 15, Photoionization Detectors (PIDs) and Flame Iomzation Detectors
(FIDs)
. SOP GT 6, Momtoring Wells and Piczometer Installation
. SOP GW 1, Water Level Measurements in Wells and Piczometers
. SOP GW 2, Well Development
. SOP GW.3, Pump-In Borehole Packer Testing
. SOP GW.5, Field Measurement of Groundwater Field Parameters
. SOP GW 6, Groundwater Samphng

50 EQUIPMENT AND PROCEDURES

‘%‘dr‘

51 EQUIPMENT

Aquifer pumping tests will be conducted using an arrangement of equipment that will satisfy the

requirements speaific to the test conditions The following 1s a general List of equipment needed

to perform aquifer pumping tests

. A rchable power source
. Submersible or suction pump (pumping rates may range from 001 gpm to 10
gpm)
. Flow meter
. Borehole flow meter (optional)
. Discharge control equipment
. Water discharge line
. Temporary holding tank
. Pressure transducers
. Data loggers
. Electromic water level indicator

(4011-920-0168-920)(GWEREV 1)(05/06/92)
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. Timeclock or watch with second hand or digital readout of seconds
. Field notebook and/or field forms

52

s21

Speafic equipment and matenals requirements will vary wath the type of aquifer pumping test being

performed

Guidehnes presented in SOP FO.3, General Equipment Decontamination, are to be followed for
decontammnating equipment nvolved mn aquifer pumping tests

WELL INSTALLATION AND DEVELOPMENT

All wells should be imstalled per guidelines in SOP GT 6, Monitoring Wells and Piezometer
Installation, except for specific design requirements as set forth in thuis SOP Newly mstalled wells
will be checked for the presence of an immiscible layer prior to well development The method for
detecting these layers in monitoring wells 1s discussed in SOP GW 1, Water Level Measurements
in Wells and Piezometers If an immscible layer of 5 mm or greater 1s detected 1n a newly installed
well, well development procedures will not continue until the EG&G Project Manager has been
notfied In the case where an immiscible layer 1s not 1dentified, a water level measurement wall be
taken according to SOP GW 1 and well development actiities will continue The water level
measurement along with the total well depth measurement will be used to determine the volume

of water in the well casing Well casing calculations are presented 1n Section 52 11 of SOP GW 1
Determination of Aquifer Pumping Test Well Location
When selecting a site for an aquifer pumping test, consideration wall be given to the charactenstics

of the site as 1t relates to possible potentiometric surface fluctuations as a result of nearby surface

loading (traffic, etc ), and to the expected gradient of the water table

(4011-920-0168-920)(GWBREV 1)(05/06/92)
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522  Aquifer Pumping Test Well Installation

5221

5222

5223

523

All pumping wells will be fully penetrating. The heterogeneity of the alluvial materials, Arapahoe
Formation, and Laramie Formation at the RFP requure that the well screen be strategically placed

Well

Drilled wells will be constructed according to SOP GT 6, Momtoring Wells and Piezometer
Installation and wall have a six-inch to one-foot sump of unscreened casing at the bottom of the well
The base of the well casing will be capped Driven well points may be used for shallow aquifer
pumping tests and will be developed according to specifications set forth 1n this SOP  Driven wells
may be installed 1n soft formations free of cobbles and boulders (Harlan and others, 1989)

Well Diameter

The well casing diameter will be as small as possible reducing the volume of water mn the well, yet

large enough to accommodate pumping and measuring equipment
Filter Pack Construction

In wells drilled speafically for aquifer pumping tests, filter pack construction wll follow the
procedures outhned 1n SOP GT 6, Momitoring Wells and Piezometer Installation

Aquifer Pumping and Observation Well Development
Well development 1s the process of removing driling fluids, sediment and smeared or bult-up

matenials from the borehole walls, filter packs, and/or well screens It also 1s a process whereby

fines within the formation adjacent to the borehole can be removed, thus enhancing well efficiency

(4011-920-0168-920)(GWSREV 1)(05/06/92)
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and allowng the inflow of physically and chemically representative ground water from the formation
adjacent to the screcned nterval of the well This process will be used for all observation and
pumping wells, whether they are old wells or newly mstalled wells

Matenals and 1

The following 1s a list of well development and associated equipment

. Mechanical reel equipped with a steel cable
Submersible or suction pump, pump cables and hoses

. Water quahity test kit (pH, SC, T)

. Wash/Rinse tubs

. Clear plastic sheeting

. Disposable latex or vinyl gloves

. Non-phosphate, lab-grade detergent (e g, Liquinox)

. Contawners for development water (see SOP FO 5, Handling of Purge and
Development Water)

. Water level probe - sufficiently accurate to measure water levels to the nearest
001 foot

. Distilled Water

. Field notebook and/or field forms

. Health and safety equpment

. Organic vapor detector (OVD)

. Calculator

(4011 920-0168-920)(GWBREV 1){05/06/92)
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§232 Well Development Procedures for Pumping and Observation Wells

Well development for new pumping test wells will be conducted no sooner than 48 hours and no
longer than two weeks after mstallation All aquifer pumping and observation wells, new and old,
will be developed utiizing a vigorous development method known as backwashing The pumping

equipment of choice for well development, 1s a submersible or suction pump

Backwashing mvolves alternatively turning a pump on and off to simulate a surging action in the
well (EPA, 1987) Backwashing should be conducted at a pumping rate only shightly higher than
the well can sustain to avoud clogging the well screen If necessary, RFP tap water or formation
water that has had the sediment removed, will be added to the well bore during the backwashing
process to augment the volume of water depleted by penodic pumping to waste The process of
backwashing wvolves raising a column of water almost to the surface, shutting off the pump and
allowmng the water to fall back into the well This process 1s repeated, starting and stopping the
pump as rapidly as possible To mimmize the possibility of damaging the pump as a result of
sediment-locking, the pump should imtially be started at reduced capacity and gradually increased
The control box should be equipped with a starter lockout to avoid damage to the pump that may
result when an attempt to start the pump 1s made while the pump 1s backspinmng., During the
®dackwashing procedure, the well should occasionally be pumped to waste to remove sediment

brought into the water column by the surging action (Driscoll, 1986)

EG&G will determine whether a pump will be dedicated to a speafic well based upon verified
orgamc vapor detector (OVD) readings obtained during the dnlling of the well OVD readings are
described in SOP FO 15, Photoiomzation Detectors (PIDs) and Flame Ionization Detectors (FIDs)

Development equipment will be protected from the ground surface with clear plastic sheeting
Development equipment will be decontaminated before well development begins and between well

sites according to SOP FO 3, General Equipment Decontamimation

(4011.920-0168920)(GWBREV 1)(05/06/92)
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53

Decontamination and development water will be handled according to SOP FO 7, Handling of
Decontamination Water and Wash Water, and SOP FO.5, Handling of Purge and Development

Water, respectively

Development Criterna

The critena for adequate development of the well will be determined by the project hydrogeologst
or engineer and will be approved by the EG&G Project Manager Development criteria set forth
m SOP GW 2, Well Development, Section 5 2.1, may be used as gwdelines, but will not necessanly
be binding In addition, three consecutive well casing volume readings of pH, temperature, and
speafic conductance will be recorded (1 ¢, consecutive temperatures that are within 1°C, and pH
readings that are within 0 2 units) and consecutive conductivity readings fall wathin 10 percent of
each other The calibration and use of these field mnstruments is described in SOP GW 5,

Measurements of Groundwater Field Parameters

PROCEDURES

The selection of an aquifer pumping test will be based upon the estimates of hydraulic parameters
that are being assessed A test will be selected that will gave the desired information while

minimzing the complexity and time required to conduct the test

Detailed geologic and hydrogeologic information of the test area will be gathered and synthesized
mto the aquifer pumping test plan The amount of time available for the test should be considered

Prior to the beginning of any aquifer pumping test, the followming must be assessed

. Design of Test

. Desired Information

(4011-920-0168-920)(GWEREV 1)(05/06/92)
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. Geologic Conditions

53.1

. Analytical Solution and Boundary Conditions
Aquifer Pumping Test Design
To increase the probability that a proposed test site and associated equipment will yreld acceptable
results, and to muumize uncertainties 1 data collection and analysis, the following pumping test

design critenia must be evaluated, to the extent that available data allows

. The diameter, depth, and position of all intervals open to the aquifer system, as
well as total depth

. Radial distance and direction from the production well to each observation well

and from any interfering boundary

. Radial distance and direction from any known boundaries to each observation well
. Depth to, thickness of, and areal and vertical imits of the aquifer system
. The order of magnitude of pertnent aquifer system hydraulic charactenstics

(Walton, 1987)

It 15 essential to the success of a pumping test at the RFP that the relatively low hydraulic
conductivities expected to exist n the matenals bewng tested, be considered 1n the design of the
pumpng test The low hydraulic conductivities will affect all aspects of the test design, including
radws of influence, observation well spacing, pumping rate, length of time to pump well bore
storage, duration of the effects of delayed yield, etc In addition, some formations may exist 1n both

confined and unconfined conditions throughout the RFP site It is likely, while conducting a

(4011-920-0168-920)(GWBREV 1)(05/06/92)
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pumping test on such formations at a site which has been charactenzed as existing under confined
conditions, that heads may draw down 1n the pumping well below the top of the confining layer,
causing a change to unconfined conditions If this possibihity 1s suspected, then the test imtially
should be designed with unconfined conditions iz mind If it 1s desirable to maintain confined
conditions during the test, for example, to do away with the long times potentially required to
overcome delayed yield effects and thereby shorten the time required to complete the test, then an

mjection pumping test should be considered

The design for a pumpng test should begin with the selection of hydraulic parameters that are
believed to represent the material being tested This assessment will be obtained from laboratory
analyses performed on soil and rock samples representative of the aquifer, or by packer tests
conducted at or near the proposed test site The design also may be guided by the results of a
pretest single hole aquifer test Drawdown n the pumping well wall not exceed 20 percent of the
saturated thickness if the aquifer 1s unconfined and will not go below the top of the aquifer if the
aquifer 1s confined

The Thiem equation can be used to determine the pumping rate as follows

Unconfined aquifer
Q= (Kr)(2Hs-s%)
In (R/r.)
where R radwss of influence, (a large number, usually greater
than 1000 feet, see Bear, 1979), (L),
radius of the well (L),
initial bead (L),
drawdown 1 the pumping well (L),
hvdraubic conductvity (L/T), and
pumping rate (L*/T)

oxR” I¢
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Confined aquifer
Q= 2nKms
In(R/1,)
where m = thickness of the aquifer

This may be repeated for a range of hydraulic conductivities to establish a range of possible
pumping rates The pumping rates can then be used to design the spacing of the observation wells
from the pumping well by assuming various values of r (distance between observation well and the
pumping well) and solving for values of s This process can be repeated using various pumping
rates The results can then be plotted with r versus s for various values of Q From this graph the
opumum pumping rate and observation well spacing can be chosen based on an acceptable
muumum drawdown observable 1n the observation well most distant from the pumping well It 15

recommended that the mmmmum observed drawdown for an observation well be at least 0 1 foot

The effects of well bore storage can be significant 1n low hydraulic conductmity matenials To
determine the ime after pumping begins beyond which well bore storage 1mpacts are peghgible, the
following equation can be used (Walton, 1987)

t, = 54x10° (r,2r)/T

where t, = time beyond which effects of storage are neghgible (less
than 1 percent of drawdown values)(min),
r, = production well effective radius (ft),
t. = pump-column pipe radius (ft), and
T = transmssivity (gpd/ft)

At least three observation wells should be installed 1n the same aqufer as the pumping well and at
various distances and directions from the pumping well Observation well spacing will be
loganithmic and designed to provide at least one logarthmic cycle of distance-drawdown data
(Walton, 1987)

(4011920-0168920)(GWBREV 1)(05/06/92)
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In the event that boundary conditions prevail, observation wells should be spaced along a hne
through the production well and paraliel to the boundary to mimmize the effects of the boundary
on distance-drawdown data If boundanes are of interest, it 1s desirable to space observation wells
on a hine perpendicular to the boundary and at vanable distances and directions from the image well
associated with the boundary (Walton, 1987)

The open, or screened portions of both the production and observation wells should be open to the
same interval of the aquifer unless leaky conditions are anticipated Where leaky conditions are
anticipated, ‘at least one aquifer observation well will be open to the same mterval of the aquifer
as the production well, and one aquit=  observation well should be open to the lower portion of
the aquitard Where possible these wells will be fully penetrating.

-

In order to determine the appropriate duration for runming a pumping test under water table

conditions, one of the following equations should be used

te = 54 x 10‘mS,/P, (Walton, 1962)

where ty = ume after pumping started beyond which delayed grawvity
weld impacts are neghgble (min),
- m = aquifer thickness (ft),
r, = aquifer horizontal hydraulic conductmty (gpd/ft?), and
§, = aqufer water table storatmity (speafic yeld)

fdimensionless),

or,

t, = 54 x 10%(r)S,./T (Walton, 1987)

where t = pumping test duration which must be exceeded if
boundary impacts are to be clear (one loganthmic time
cycle after impacts become appreciable) (mun),

(4011-920-0168-920)(GWEREY 1)(05/06/92)
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I, = distance from observation well to boundary image well

(),
S = aqufer water table storatvity (speafic yeld)

(dimensionless), and
T = aquifer transmusswvity (gpd/ft)

The equation which gives the greater duration 1s the equation that should be used

Time wntervals for observation well water level measurements vary from short at the start of the test,
when water levels dechine rapidly, to long at the end of the test, when the time rate of drawdown
1s small A typical range of time intervals for observation well, water level measurements are shown

m Table GW 8-1.

TABLE GW 8-1

TIME INTERVALS FOR TIME-DRAWDOWN DATA COLLECTION

Time After Time
Pumping Started Intervals
1 - 2 minutes 10 seconds
2 - 5 mmnutes 30 seconds
5 - 15 minutes 1 minute
15 - 50 minutes 5 mmutes
50 - 100 mnutes 10 minutes
100 - 500 minutes 30 mmutes
500 - 1000 minutes 1 hour
1000 -5000 minutes 4 hours
5000 - end 1 day

(4011.920-0168-920)(GWBREV 1)(05/06/92)
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Step-Drawdown Tests

A step-drawdown test (Dniscoll, 1986) 1s used to assess well performance under conditions of
turbulent flow Also, the data obtaned from a step-drawdown test can be used to determine the
speafic capacity of a well Ths information can be used to select the optimum pumping rate and
pump-setting depth for a constant-rate discharge test Transmissivity and storatvty values for the
aquifer can be assessed from time-drawdown and distance-drawdown graphs plotted from data for
the first step, and/or for any other step together with data for the preceding steps (Birsoy and
Summers, 1980)

Once the pump has been installed in the production well, and the discharge control equipment, flow
meter, pressure transducers, and other previously mentioned equipment have been mstalled, static
water levels at each of the production and observation wells will be collected and recorded After
this has been performed, the data logger will be programmed, pre-test water level data recording

mitiated, and the test 1s ready to begin

Dunng a step-drawdown test, the production well will be pumped at several successively ugher
pumping rates during which ime-drawdown data wall be collected for each rate, or step  Generally,
a step-drawdown test should be completed within one day, however, 1n matenals of low hydrauhc
conductivity, effects due to well bore storage may sigmficantly increase the time required to
complete the test The pumping times for each step of the test will be the same (approxumately 0.5
to 2 hours wn duration) mn order to simplhfy calculations During the performance of these tests,
between three and eight pumping steps will be used

Electromc pressure transducers and a data logger will be installed mm the production well and the
observation wells to record time-drawdown data during both the pumping and recovery phases of

the test In addition, hand measurements will be collected as backup data In addition to collection

(4011-920-0168-920)(GWBREV 1)(05/06/92)
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of ime-drawdown data, flow rate data also will be collected The information collected during the
duration of this test will be recorded on the data sheet provided in Appendix GW.8A.

Constant-Rate Discharge Tests

A constant-rate discharge test, with one or more observation wells, can be used to assess the
drawdowns 1n a well at future times and different discharges, the radius of the cone of influence for
mdividual or multiple wells, as well as the transmissivity and storativity of the aquifer The pumping
rate to be maintained for the duration of the test, the pump-setting depth, and the test duration wall

be determined prior to commencement of a constant-rate discharge test

Once the pump has been mnstalled 1n the production well, the discharge control equipment, flow
meter, pressure transducers, and other previously mentioned equipment are installed, static water
levels at each of the production and observation wells will be collected and recorded After this has
been performed, the data logger will be programmed, pre-test water level data recording imtiated,
and the test 1s ready to begin

The pump being utilized for the pumping test will begin pumping at a previously determined time
In order to simphfy calculations, the time 1n which the test commences should be on a ten-minute
mterval The data logger wall be set to begin collecting data just before or at the same time the
pump begins pumping  Once the pumping test begins, hand collected time-drawdown measurements
will begin These measurements should begin at the production well and continue at the
observation wells in a pattern that will allow for the most rapid collection of data from well to well
The ume for collecting hand measurements should follow the times provided 1n Table 1 as closely

as practicable

During the pumping test, the flow meter will be momnitored regularly to ensure that a constant flow

rate 1s being maimntained In the event that a constant flow rate is not being mamtained, adjustments

(4011-920-0168-920)(GWBREV 1)(05/06/92)
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§411

to the pump, power source, or discharge control equpment may need to be performed. Flow rates
will be monitored at regular time wntervals throughout the duration of the test, with the time
mtervals being small at the beginming of the test Records of flow rate versus time and time-
drawdown data will be mamntaned throughout the duration of the test

After completion of the pumping test, recovery data will be collected The procedures for data
collection during the recovery phase of the test will be 1dentical to those preformed during the
pumping phase of the test The information collected during the duration of this test will be
recorded on the data sheet provided in Appendix GW 8A

METHODS OF ANALYSIS

For each aquifer pumping test, the analytical solution will be consistent with the conditions at the
test site, the information desired, and the test design The project hydrogeologist will be responsible
for choosing the analytical method and nterpreting the test results The methods used may include

those presented 1 the published literature presented in Section 40

Analytical solutions of pumping test results are based upon the type of flow encountered during the
test and the type of aquifer being tested This section will first discuss analytical methods for
analyzing pumping test data with steady-state flow conditions, and followed by transient analytical

solutions These solutions are further subdivided according to aquifer type
Steady-State Solutions

Confined/Unconfined Aquifers

The most widely used solution 1s based upon the Thiem equation (Lohman, 1979) Two different

forms of the Thiem equation are available One 1s to be used for confined aquifers and one for

(4011-920-0168-920)(GWEREV 1)(05/05/92)
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unconfined aquifers If the aquifer 1s unconfined, the drawdown should be adjusted using the Jacob
(1963) method (Walton, 1970)

S = Sw - (sw)’/2m

where S, = drawdown that would occur in an equivalent non-leaky
confined aquifer (ft),
Sw = observed drawdown under water table conditions (ft),
and
m = mitial saturated thickness of the aquifer (ft)

542 Transient Solutions

Because transient analytical solutions consider aquifer storage, the analytical solutions can yeld

values for specific yield or storativity

542.1 Confined Non-Leaky Aquifers

Fransmissivity and storativity can be determined with the Theis (1935) solution using data drawn
feom plots of drawdown versus time on log-log paper Curve matching techmques with a type-curve
(available 1n Lohman, 1979) render values of time (T), dimensionless ime (u), drawdown (s), and
dimensionless drawdown [W(u), well function of u] which are then used to solve for values of

hydraulic parameters Assumptions for the use of this solution are as follows (Lohman, 1979)

. The aquifer 1s homogeneous and isotropic,
. The aquifer 1s infimte 1n areal extent,
. Water 1s released from storage instantaneously with decline 1n head,

(4011 920-0168-920)(GWBREV 1)(05/06/92)
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. The aquifer 1s of umform thickness over the arca wnfluenced by the aquifer test,
. The discharging/injecting well maintains a constant discharge rate, o
. The discharging/injecting well 1s fully penetrating; and
. The potentiometric/phreatic surface 1s horizontal prior to purping

Corrections are available to compensate for violations of some of these assumptions (Kruseman and
De Ridder, 1983), including corrections for partial penetration, barometric pressure fluctuations,

and well-bore storage

The Theis method also can be apphed to analyzing recovery data (Jacob, 1963) The solution 1s
derived by using image well theory and superimposing an mnjection well upon a discharging well A
semi-log plot of draw-down versus t/t’ (where t = time since pumping began and t' = time since
recovery began) yields a straight hine through the ongin (assuming storage 1s the same for pumping
and recovery) Transmissivity 1s determined from the slope of the hine (Kruseman and De Ridder,

1983)

If the value for dimensionless time, u, 1s less than or equal to approximately 0 01, the Cooper and
Jacob (1946) straight hne method 1s vald A semi-log plot of drawdown versus time yields a
straight hine for later time values The slope of the hne and its extension to intercept with zero

drawdown can be used to solve for transmissmity and storatvity respectively

If three or more observation wells have been installed at different directions from the pumping well,
and the aquifer 1s of sufficient homogeneity, then directional hydraulic conductivity may be obtamed
from the analysis of the time-drawdown data The directional hydraulic conductivity may be
obtamned by the method described by Papadopulos (1965)

(4011-920-0168-920)(GWBREV 1)(05/06/92)
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5422 Confined Leaky Aquife

5423

There are many solutions available for leaky confined aquifers (Kruseman and De Ridder, 1983)
Lohman (1979) discusses the Hantush (1955) and Cooper (1963) method, which does not consider
storage 1 the confining umt, and the Hantush (1960) method which does consider confining umt
storage. Standard curve matchir. techmques are used to solve for transmissivity and storativity
If confining umit thickness 1s known, the Hantush-Jacob (1955) method will yield vertical hydrauhic
conductivity 1n the confiming umt

Unconfined Aguifers

Unconfined aquifers subjected to pumping go through three distinct phases (Freeze and Cherry,
1979) During early stages of pumping, the response of an unconfined aquifer wall resemble that
of a confined aquifer due to the expansion of water and compaction of the aquifer The second
phase shows the effect of gravity drainage Tiume-drawdown curves will display a decreased slope
due to the delayed yield response of unconfined aquifers During the third phase, time-drawdown

curves will again resemble the Theis-type curve

The Theis type-curve may be used for early and late pumping test data However, storage
parameters calculated dunng the carly stages of pumping tests may be 1n the range for that of
confined aquifers and must not be used to predict long term drawdowns (Prickett, 1965) Boulton
(1963) gaves a curve that allows the estimation of the time at which grawity effects are neghgible and
the Theis type-curve may be used to match late pump test data The storage parameter calculated
with this later data can be used to predict long-term effects of aquifer pumping (Prickett, 1965)

Boulton (1963) and Prickett (1965) have developed methods of analyzing pumping test data subject
to delayed yield Famibes of delayed yield type-curves based upon Boulton’s method are available
1 Lohman (1979) with which standard type-curve matching techmques are used

(4011920-0168-9.0)(GWBREV 1)(05/06/92)
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5424 Fractured Rock Aquifers

Available methods for mterpreting pumping tests 1n fractured (fissured) aquifers have been

summanzed by Gringarten (1982) These pumping test analysis methods are usually based upon

solutions for an "equivalent” porous media aquifer, which attempt to relate the actual fractured

aqufer behavior to that of a known theoretical model, homogeneous or heterogeneous, of lower

complexity The double-porosity concept may be apphicable to the types of fractured aquifers whuch

may be encountered at the RFP This concept 1s a possible analysis tool for fractured aquifers In

double-porosity aquifers, the fractures and rock matrix blocks form a dual system for transmitting

water, with the fractures having a lagh hydraulic conductivity and low storatmvity and the rock matrix

having a low hydrauhc conductmvity and high storatvity

Both confined and unconfined type-curve models may be used to analyze pumping test data from

fractured aquufers

For double-porosity analyses, the type curves given by Boulton (1963) for

delayed yield are identical to those corresponding to the time-drawdown curves for a confined,

double-porosity fractured rock aquifer (Gringarten, 1982) and may be used to analyze the fractured

aquifer In this case the fluid released from the fractures occurs first, with the fluid released from

the rock matrix appearning as "delayed” yield

5425 Conclusions

For each pumping test performed, the analytical solution will be consistent with the conditions at

the test site, the information desired, and the test design The project hydrogeologist wall be

responsible for choosing the analytical method and interpreting the test results

Many additional methods to analyze aquifer tests are available It 1s recommended that more than

onc method be used to analyze each aquifer test This wall allow comparison of values for different

methods since no two methods will yield the exact same results To aid n analysis, several
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commonly used analytical methods have been outhned in Appendix GW 8B along with the
references from which they were obtained Methods that assume that an aquifer 1s confined may
be used when analyzing unconfined aquifer test data, however, corrected drawdowns must be used
(Jacob, 1963) A rewview of the reference should be made before analyzing the pumping test data

60 DOCUMENTATION

Documentation for this SOP will include an aquifer pumping test approval form developed to aid
in successful aquifer pumping test design This form should be completed as a part of the
procedure for developing an appropriate aquifer pumping test design and 1s attached as Appendix
GW 8C Once the aquifer pumping test approval form 1s completed, it must be reviewed approved
by the EG&G Project Manager prior to the start of the aquifer pumping test
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X AQUIFER PUMPING TEST ANALYSIS
THIEM STEADY STATE METHOD

WELL #
HYDROSTRATIGRAPHIC UNIT
SCREENED INTERVAL ft to ft

Reference Lohman (1979)

Assumptions  © Those hsted mn reference
. Steady state flow

K = hydraulic conductivity (L/T)

T = transmssmty (L?/T)

r, = distance from pumping well to momtoring well #1 (L)
r, = distance from pumpmg well to momtoring well #2 (L)
h, = water level in momtonng well #1 (L)

b, = water level in momtoring well #2 (L)

s; = drawdown 1n momtoring well #1 (L)

s, = drawdown 1n momtoring well #2 (L)

b = Aqufer thickness (L)

e’

UNCONFINED AQUIFER
Q= (L*/T)

n=_____ @ =
b, = I ¢ 5 h, =

K = -230*0%og(ro/r) = (L/T)

'(hzz'hlz)
T=K* = (LZ/T)
CONFINED AQUIFER
Q=_ /1)
s=___ @O $; =
n=___ (L I, =

T = -230°0*log,(r,/1;) = (/1)
2x(s;-S,)
K=T/h= L/T)

(4011 920-0168-920)(GWBREV 1)(05/06/92) B-2

_

L)

L)
L)




SHCIFER PUMPING TEST ANALYSIS
IS CURVE MATCHING METHOD

i
15
B

o

=

T==—=p= i reference
me=>an-Leaky Aquifer

e well (L)

mercean (T)

=msewell to momtoning well (L)
I——=mrss)

="

T = 1°S /4*T*t (Dimensionless)
===y tDimensionless)

i —

__~===sanless) t =
___====omless) s =

— M

-
=_____ /"

- (Dimensionless)

B-3

i
(AN AN R LU A

b [ AT
1 A
| i i il 1
ar
\
L
Doyl |
ta Hya CERCRETLTY I P I S L TR
Tae ‘ i VL‘ ag r’d;d:n“ R i !
t e“fd«uln}x P wwmn h "o [
i [N AT [ 1
X (“‘4‘}‘ x% w‘,‘ f |
[ ‘S”Mi‘lﬂf‘m‘. i \ (HS ! ;
[ ! .
: P
[ %hl(uﬂxl H‘,‘ HS i o
‘“ 1‘““"{! : 1:I “((" i
H““(ﬁ 3
t
o °
4
i uu‘u.hn (‘ . ixq‘;‘
b
LRI} "“"1‘ Mu{*%gunh“h\x‘ pritth { e
i t h i S
I f t
i !! 11 quh‘;‘“{,“h
l ty b 18 +
I
o f Pt i Y
T A SR BN
1 »
LRI ‘m?l B b
EE L T R R IR TIN
' M(M 3 IR 1
-
i
1oy (L “‘\‘,H iﬁ”“"l‘i t
1
; ' 'y

H 1

[

"

'




AQUIFER PUMPING TEST ANALYSIS
THEIS RECOVYERY METHOD

WELL #
HYDROSTRATIGRAPHIC UNIT
SCREENED INTERVAL ft to ft

Reference Kruseman and De Ridder (1983)

Assumptions  ® Those hsted 1 reference
] Confined non-leaky aquifer
. Coefficient of storage 1s the same for pumping and recovery

s = drawdown 1n momtoring well (L)

t = tume since pumping began (T)

t' = time since recovery began (T)

T = transmissmity (L?/T)

ds = drawdown over one log,, cycle of t/t’ (L)

Q-= L/T)

T = 230*Q/4xds = (L/T)

(4011-920-0168-920)(GWBREV 1)(05/06/92) B-4
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AQUIFER PUMPING TEST ANALYSIS
COOPER AND JACOB METHOD

WELL #
HYDROSTRATIGRAPHIC UNIT
SCREENED INTERVAL ft to ft

Reference Lohman (1979)

Assumptions  ® Those bisted 1n reference
. u <001
. Confined non-leaky aquifer -

s = drawdown 1n monitoring well (L)

ds = change mn drawdown for corresponding change in time (L)

t = time since pumping began (T)

dt = change in time for corresponding change 1n drawdown (T)

t, = time at which drawdown 1s 0 - from extrapolation of straight hine through the X wmtercept (T)

r = distance from pumping well to momtoring well (L) h

r, = distance from monitoring well at which drawdown 1s 0 - from extrapolation of straight line
through the X intercept (L)

T = transmissmity (L%/T)

S = storativity (Dimensionless)

u = dimensionless parameter = r’S/4*T*t (Dimenstonless)

it

"r" IS CONSTANT

Q= @L/T)
T=_2300Q = (LYT) S = 225T(t/r%),= (Dimeansionless)
4xds/dlog,t
Check u < 001 u = r’S/4*T*t = (Dimensionless)
" IS CONSTANT
Q= (L/T)
T=_-230Q0 = (LYT) S = 225T(t/r%),= (Dimensionless)
2xds/dlog,,r
Check 1 < 001 u = PS/4*T* = (Dimensionless)
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-y AQUIFER PUMPING TEST ANALYSIS

‘ ) COOPER METHOD FOR CONFINED LEAKY AQUIFERS
“ WELL #

HYDROSTRATIGRAPHIC UNIT

SCREENED INTERVAL ft to ft

Reference Lohman (1979)

Assumptions  * Those hsted 1n reference
. Confined leaky aquifer

s = drawdown 1n momtoring well (L)

t = time since pumping began (T)

r = distance from pumping well to momtoring well (L)

S = storativity (Dimensionless)

T = transmissmity (L?/T)

K’ = vertical hydraulic conductmity of confiming umt (L/T)

b’ = thickness of confiming umt (L)

u = dimensionless parameter = r’S/4*T*t (Dimensionless)

v = dimensionless parameter = r/2(K’/b'T)"/? (Dimensionless)

| 3 L(u,v) = Leakance function of 4 and v (Dimensionless)
MATCH POINT
Q= L/T)
u = (Dimensionless) t = (T)
L(uy) = {Dimensionless) s = (L)
v = (Dimensionless)

T = Q*L(u,v)/4ns = (L/T)
$ = 4T*t*u/r’ = (Dimensionless) .
K = (4*T/¢ = (L/T)

n
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APPENDIX GW.3C
AQUIFER PUMPING TEST APPROVAL FORM
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APPENDIX GW.8C
AQUIFER PUMPING TEST APPROVAL FORM

PROJECT NO DATE
SUBCONTRACTOR

GEOLOGIST/ENGINEER

LOCATION

HYDROSTRATIGRAPHIC UNIT TYPE OF AQUIFER

DESCRIPTION OF AQUIFER AND ITS SHAPE

ESTIMATED/ASSUMED HYDRAULIC PARAMETER DESIGN VALUES

K (L/T) Source
| G ( 94§ Source
S (Dimensionless) Source
Q L/7) Source
Sat Thickness __________ (L) Source

DEVELOPMENT METHOD

CRITERIA USED TO DETERMINE WELL IS DEVELOPED ADEQUATELY

Reading 1 Reading 2 Readin,

Temperature (°C)
pH (std umits)
Speafic Conductance (uS/cm)

ATTACH WELL COMPLETION DATA SHEET FOR PUMPING AND OBSERVATION WELLS

PUMPING RATE

MAXIMUM DISTANCE OF OBSERVATION WELL (01 FT DRAWDOWN)

TIME AFTER WHICH AFFECT OF WELL BORE STORAGE IS NEGLIGIBLE
DURATION OF EFFECTS OF DELAYED YIELD

PARTIAL PENETRATION EFFECTS

SOLUTION METHOD

VIOLATIONS OF ASSUMPTIONS

OTHER

APPROVED

EG&G PROJECT MANAGER
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