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SECTION 1 i 

INTRODUCTION 
2 

3 

I 

4 

1.1 Project Background . s  

1.1.1 Definition of Problem 

The following additional information on the glacial till needs to be obtained: 

1) The degree of hydraulic interconnection between various geologic materials within the glacial till 

2) The degree of saturation of various geologic materials within the glacial till 

3) Hydraulic conductivity of geologic materials within the glacial till 

4) The relationship between the hydraulic conductivity of geologic materials and the degree of 
saturation in the till 

This Glacial TiIWadose Zone Hydraulic Investigation Work Plan (GTIP) focuses on saturated flow 
conditions. The acquisition of data on unsaturated flow (i.e., the degree of saturation and unsaturated 
hydrogeological characteristics of the till) is not covered by this work plan. Unsaturated flow data will 
need to be addressed though to correctly design a vadose zone monitoring network and to aid in the 
design of selected clean up alternatives. Work is in progress to assess the types, amount, and timing of 
the collection of additional unsaturated flow data. 

1.1.2 Aaalication of Additional Information Collected Under this Work Plan 

Data collected under this work plan is needed to support preparation of an improved solute transport 
model for the vadose zone by the summer of 1993. This model will be used to support the CRU-5 risk 
assessment. 

The improved vadose zone model will be used to provide better estimates of source concentrations and 
volume rates being transported to the Great Miami Aquifer from multiple source areas distributed across 
the site. The objective of modeling is to produce conservative but realistic risk estimates that will aid 
in the selection of clean-up alternatives. The modeling improvement project is being conducted under 
a separate scope of work which will utilize data collected during this study. 
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1.1.3 Strateav for the Collection of Additional Hvdraulic Conductivitv Data 

A logic similar to that presented by Bradbury and Muldoon (1990) was followed to prepare this work plan 
for the collection of additional hydraulic conductivity data. Bradbury and Muldoon explain that the "true" 
hydraulic conductivity of saturated near-surface materials is difficult to obtain due to measurement scale 
effects. Physical characteristics of geologic materials (particle size, roundness, sorting, etc.) vary 
spatially and this spatial variation can be large in many glacial and fluvial settings as a result of changes 
in depositional environments occurring over short distances. Tests and measurements of hydraulic 
conductivity of such variable material (such as glacial till) produce average values for the volume of the 
material being measured or tested. It is this "averaged" value that is used to address the problem at hand, 
not the "true" value. 

As larger or smaller volumes of material are tested, a larger or smaller number of aquifer heterogeneities, 
which might be regarded as more or less conductive zones, are encountered. Hydraulic conductivity tests 
can generally be grouped into four operational scales based upon the volume of material sampled. 

1) Small Scale Tests (< lm3): Permeameter tests and particle-size estimates. 

2) Site-Specific Tests (lm3 to Hundreds of Cubic Meters): Single well pumping tests, packer tests, 
and slug tests. 

3) Local Tests (Hundreds of Cubic Meters to Thousands of Cubic Meters): Multiple well pumping 
tests. 

4) Regional Tests (Thousands of Cubic Meters): Regional aquifer analyses and inverse models. 

Regional aquifer analyses and inverse models were judged to be beyond the scope of this project, but the 
first three operational scales are considered. Data collected from this project will be used in a separate 
but parallel work effort to improve the FEMP vadose zone solute transport model. 

Selection of what scale test would be applied to what area of the site was based upon lithostratigraphic 
work conducted for the CRU-5 RI/FS (IT 1993). Hydraulic conductivity data collected under this work 
plan will be used to help determine hydrostratigraphic units from this lithostratigraphic work. 

CRU-5 lithostratigraphic work indicates that the nature of the lithostratigraphic units becomes increasingly 
more heterogeneous from east to west across the site. Tills situated on the eastern half of the site have 
a greater percentage of clay with the occurrence of sand lenses increasing to the west. One sand unit of 
significant areal extent (extending from the Plant 2/3 area to Paddy's.Run) has been identified. 
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Local scale hydraulic conductivity tests will be used in the large sand unit extending from the Plant 2/3 
area to Paddy's Run. Site-specific hydraulic conductivity tests will be used in areas within and outside 
of the large sand unit. Small scale hydraulic conductivity tests will be used at all new drilling locations 
where a suitable laboratory sample can be collected. Matrix conductivities will be compared to bulk 
conductivities to assist in the determination of hydraulic interconnections. 

Conclusions outlined by Bradbury and Muldoon (1990) will be taken under consideration to interpret this 
additional hydraulic conductivity data. Specifically: 

1) Measured values of hydraulic conductivity tend to increase as the scale of the measurement 
increases. 

2) Results of laboratory permeameter tests are usually lower in values than the results of field tests 
on the same materials. 

3) Hydraulic conductivity measurements based on particle-size distributions give widely varying 
results depending on the estimation method used and the type of material being evaluated. 

Site-specific or single well tests generate data that can be used to calculate the hydraulic conductivity of 
geologic materials surrounding a single well. As indicated by Bradbury and Muldoon, scale is very 
influential on hydraulic conductivity determinations. This scope of work at best will result in ranges of 
hydraulic conductivity. A certain degree of subjectivity will be required to infer "true" values. 

The presence of hydraulic communication between different geologic units within the glacial till will be 
determined through several pumping activities, referred to in the plan as yield tests. The pumping actions 
will be monitored by transducers situated in surrounding wells. Hydraulic communication will be 
determined if pressures propagated from the pumping action are detected by the transducers placed in 
surrounding wells. Several such pumping and monitoring actions will help delineate hydraulic 
communication within the glacial till. 

1.2 Purpose and Objectives 

This GTIP provides specific guidance to implement hydraulic transport and recharge studies and hydraulic 
conductivity test measurements for the Glacial Till/Vadose Zone (GT/VZ). This plan includes specific 
methods for completing the following: 

1) 
2) 

Drilling, sampling, testing, and equipment installation in the GT/VZ 
Analysis, interpretation, and reporting of the investigation results 
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The results of this characterization work will be used to refine the current conceptual model for the 
GT/VZ and will be used in the development of a computer model for the site. The ultimate goal is to 
build a fully validated and highly defendable model for the feasibility study, remedial design, and 
engineering design performance assessment activities at the FEMP. 

The GT/VZ investigation program is based on the Development of Glacial EllNadose Zone Investigation 
Program for Operable Unit 5 - November 13, 1992 (Ebasco and CH2M Hill 1992). Activities 1 and 2 
of the EbascoKH2M Hill report identified tasks and general methodologies for evaluating the vertical 
and horizontal migration of groundwater through the glacial till and into the Great Miami Aquifer 
(GMA). During scoping meetings, FERMCO and PARSONS established the tasks to be completed and 
their areas under this GTIP. These tasks and areas are based on current interpretations of the GT/VZ 
depositional environment and hydrology. 

The major tasks to be completed under this GTIP include the following: 

1) Perform slug tests in 63 wells. 

2) Install three test wells and 18 piezometers in the central area of the FEMP (Fernald 
Environmental Management Project) for the purpose of conducting three pumping tests in the 
large sand unit that lies between Plant 2/3 and Paddy’s Run. 

3) Pump four existing wells screened in other saturated sand units underlying the production area 
and the waste pits to determine yield and any connection with the large sand unit or other sand 
units. 

4) Conduct open-hole packer tests in two test borings and all three test wells described in Item 2. 

5)  Drill six lysimeter borings and install one suction lysimeter in each boring. 

6) Prepare a comprehensive report that provides a complete analysis of all collected field data and 
describes the results of the field investigations. 

Sections 2 through 6 of this plan define the specific requirements of these major tasks. The data obtained 
will provide horizontal and vertical hydraulic conductivity values for the various lithologies and storage 
coefficients for the sand and gravel layers, and evidence of saturation in the clay layer at the base of the 
glacial overburden along with evidence for saturated communication. Groundwater sampling from wells 
and lysimeters will provide analysis of uranium, general chemistry, and volatile organic compounds 
(VOCs). The data will be used as input to the GT/VZ computer model. 
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1.3 Overall Summary of Activities 

1.3.1 Slua Tests 

An area-wide distribution of hydraulic conductivity in the "perched" groundwater zones can be obtained 
by collecting measurements from several representative wells. Thirty-seven slug tests have already been 
performed in areas underlying all of the operable units, but most tests are limited to the Plant 2/3 area. 
Additional tests will provide greater sitewide coverage. Additional slug test locations for this scope of 

. work are based on the following: 

1) 
2) Well integrity and accessibility 

3) 
4) Lithology and screened interval 

Location of previously tested wells 

The spatial distribution of existing wells in currently identified depositional units 

The wells will be tested to evaluate the hydraulic characteristics of the various depositional units across 
the site. Most of the wells have been selected to minimize the lithologic variations that occur within the 
screened (including filter pack) intervals in each of the monitoring wells (i.e., attempts have been made 
to segregate wells completed in sand, silt, or clay). This .process will enhance the ability to correlate the 
lithologies encountered in each well with the results of the corresponding slug tests. 

l'i3.2 PumDinca Tests 

Selection of pumping test locations was based on assumptions about the ability of identified sand units 
to produce meaningful results. The most promising area consists of the large sand unit extending from 
Paddy's Run to the Plant 2/3 area. 

Existing data indicate that this area may change from confined to unconfined conditions. In addition, it 
is suspected that the sand unit may be hydraulically connected to another sand unit beneath the waste pits. 
A yield test in the saturated sand underlying the waste pit area will be conducted to support or refute this 
possibility. 

The three pumping tests described in this work plan have been selected and located for the following 
reasons: 

1) Determine transmissivity of the thickest portion of the sand and two downgradient areas close to 
the edge of the sand 

2) Provide for apparent variations in hydrostratigraphy across the sand unit and overlying materials 
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3) Take advantage of lower levels of contamination in these areas and the ability to manage the 
discharge of the test wells over an extended period of time 

1 

2 

3 

Laboratory physical (geotechnical) and chemical analyses will be performed on samples collected from 4 

pumping test wells. Also, slug tests will be performed on each of the test (pumped) wells. 5 

1.3.3 Lvsimeter Installation 

A study of the migration of meteoric waters through the glacial till is required to identify the potential 
for contaminants to move through the GT/VZ and into the GMA. Suction lysimeters will be placed in 
two zones of the GT/VZ - (1) the unoxidized (reduced) clay layer at the basin of the glacial overburden 
and (2) the unsaturated portion of the GMA. The lysimeters will be used to obtain water samples from 
these unsaturated zones. The samples will be used to determine if the clay layer at the base of the glacial 
overburden is saturated and to determine water chemistry in both zones if possible. 

The location selections were based on representativeness of contaminated areas and the thickness of the 
glacial overburden. Two locations have been selected where the overburden is thin and also believed to 
be free of any contamination introduced by the FEMP. Another location was selected where a thick 
sequence of till exists near, but not in, a contaminated area. 
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1.3.4 Packer Tests 21 
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Two borings will be drilled for these tests. 27 

glacial overburden is thick. 28 

overburden. 29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

Packer tests will be conducted to provide vertical profiles of horizontal hydraulic conductivities in the 
glacial till. The packer tests will be conducted as pump-in tests and will be performed only in materials 
with low permeability. Sand and/or gravel units will not be tested. 

One boring will be drilled in an area of the site where the 
The other boring will be drilled in an area of relatively thin glacial 

In addition, packer tests will be performed at all three pumping test locations in the clay unit at the base 
of the glacial overburden. The test well from each area will be selected for packer testing. The pumping 
test wells will be packer tested for wider coverage of the clay zone. 

Shelby or Dennison tube samples will be recovered from the borings and test wells. Laboratory tests will 
be performed to determine geotechnical properties of the till materials. 
analysis and permeability measurements, among others. 

Tests will include grain size 
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1.3.5 Yield Tests 

Four shortduration yield tests will be conducted to determine the hydraulic relationship between the 
coarse-grained depositional units beneath the site. Current interpretations suggest a hydraulic relationship 
between the large sand body lying between Plant 2/3 and Paddy’s Run and other sand units beneath the 
site. If a hydraulic connection exists between the larger sand body and any of the other bodies, the 
information from the yield tests will aid in determining chemical mixing and/or dilution of the water in 
the large unit by waters in the other units. The locations for the three yield tests were based on the 
location of the sand bodies and the degree of contamination as well as management of the discharge from 
the test wells. 

Another longer duration yield test will be performed on Monitoring Well 1785 in the Plant 2/3 area. 
Information from this test will be helpful in establishing pumping rates for the pumping tests described 
in Subsection 1.3.2. Information from this test will also be useful in determining the distance of the 
observation wells from the test wells in the pumping tests. The length of this test will be up to 72 hours. 

1.4 Management and Responsibilities 

Figure 1-1 illustrates the organizational relationship between FERMCO and PARSONS for these tasks. 
FERMCO CRU-5 and Site Characterization and Data Management (SCDM) will be responsible for the 
procurement of all drilling, sampling, equipment installation, and testing in the GT/VZ. FERMCO 
SCDM will also be responsible for direct daily oversight of all field activities described in this work plan. 
Project oversight will be the responsibility of CRU-5. 

PARSONS will have a representative on site during all key field activities to ensure that all procedures 
are implemented as defined in this work plan. PARSONS field oversight responsibilities are further 
defined under the activities described in the following sections. Response to contingencies and field 
changes that may arise during the course of field activities will be the responsibility of CRU-5 and in 
accordance with the Sitew.de CERCU Quality Assurance Project Plan (SCQ) (WEMCO 1992). Table 
1-1 shows a list of groups who may be called upon to provide instruction if a contingency is encountered. 
Names and telephone numbers of representatives from each group will be provided to field personnel at 
the operational readiness review prior to initiation of field activities. 

PARSONS will also compile, analyze, and interpret all of the field data generated and collected and 
prepare a comprehensive report of all activities and results. 
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General Responsibilities 

Table 1-1 - Agencies, Contractors, and Subcontractors 
Providing Response to Field Changes and Contingencies 

Telephone Number Organization 

Drilling Contractors 
(Name) 

Inflatable Packer Supplier 
(Name) 

Test Pump Supplier 
Pump Supplier 
(1vame) 

Data Logger and Pressure 
Transducer Supplier 
(1vame) 

Lysimeter Supplier 
(Name) 

U.S. DOE 
(Name) 

FERMCO - CRU-5 
(Name) 

FERMCO - Site Characterization 
Data Management 

Emergency Response 
(Name) 

Ohio EPA 
(Name) 

PARSONS 
(Name) 

US EPA 
(Name) 

Miscellaneous Suppliers 
(Name) 
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Well installation 
Lysimeter installation 
Pumping test equipment 

Packer installation and operation 

~ ~~~~ 

Pump installation and operation 

Drawdown and Recovery 
Measurement Equipment 

Lysimeters 

~ ~ ~ _ _ _ _ _ _ _  

Policy and Procedural Guideline 

Procedural Guidance 

Operations 

Health and Safety--Fire, 
Ambulance, Hospital, and Police 

Regulatory Requirement 

GT/VZ Test Requirements 

Regulatory Requirements 

Miscellaneous Equipment and 
Supplies 
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1.5 Schedule 

In order to meet the requirements of the GT/VZ modeling effort, many of the field investigations will 
be performed in parallel during the Spring field work season. Figure 1-2 shows the current schedule for 
implementation of activities under this plan. 

Five major activities will commence when this scope of work plan is implemented: 

1) Slug testing 
2) 
3) Lysimeter installation 

. 4) Packer testing 
5) Yield tests 

Well and piezometer drilling for the pumping tests 

Baseline data for the pumping tests will also be collected during initial field activities. The pumping tests 
will begin midway through the first month of field activities. 

Analysis of field hydraulic data will begin upon acquisition. Calculations of the hydraulic properties 
within the GT/VZ will be used as input to the computer model. Results of groundwater sampling and 

analysis, as well as geotechnical analyses will be used as input to the model when available. 
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SECTION 2 

SLUG TESTS 

2.1 Specific Objectives 

Slug tests will be performed to obtain point measurements of hydraulic conductivity in the GT/VZ. As 
described previously, 63 existing wells will be tested. The three-well cluster of each pumping test 
network drilled (described in Section 4) will also be included in the slug test program. 

2.2 Well Locations 

Figure 2-1 shows the 63-well slug test network and Table 2-1 also lists these wells. Well selections are 
based on the ability of each well to provide representative data. Attachment A includes lithologic strip 
logs with well construction information for each of the test wells. 

2.3 Slug Test Field Implementation 

The slug tests will be performed under the policies and guidelines provided in the SCQ. Procedures 
pertaining to slug testing activities are referenced to the SCQ in Table 2-2. 

2.3.1 Rewired Personnel 

One or more teams of two field personnel each will conduct the slug tests. The personnel will be 
experienced with slug test techniques and will be capable of operating all of the equipment associated with 
the tests. The team leader will be a qualified technician. A "geologist-incharge," as defined in 
Appendix J.3 of the SCQ, will supervise the activities of all field personnel. 

The PARSONS field representative will consult with the geologist-incharge regarding the calibration of 
all electronic equipment (data loggers, pressure transducers, etc.) and concur that it is working properly 
before use in accordance with manufacturer's specifications and requirements of SCQ. The PARSONS 
field representative will also consult and concur with the geologistjncharge that each test well is able 
to provide a representative test. The geologist-incharge will inspect all equipment to ensure that it is 
decontaminated in accordance with the SCQ requirements. 
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Table 2-1 - Proposed Wells for Slug Testing within Glacial Till 
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Table 2-2 - Slug Test Procedures 

PROCEDURE REFERENCE 

Administrative Procedures FEMP SCQ (1m) Section New Procedure 
Attachment 

Chain-o f-Custody 7.1 
~ 

Corrective Action 15.2 

Daily Logs 5.1 and Appendix J, Subsection 
J14.1 

Variances 15.4 

Field Procedures 

Ground Water Level Measurement Appendix K.4.2. I 

Water Level Measurement Form E- 1 

Slug Tests Section 5.2.5 and Appendix J, 
Subsection J.4.6 

Decontamination Appendix K, Subsection K. 1 I 

Field Calibration Requirements Appendix I 

Field Test: 
Temperature 

PH 
Specific Conductance 
Dissolved Oxygen 

Appendix K, Subsection K.4.1.1 
Appendix K, Subsection K.4.1.2 
Appendix K, Subsection K.4.1.3 
Appendix K, Subsection K.4.1.4 
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2.3.2 Test Eaubment and Methods 

Falling head, rising head, and bail/purge slug test methods will be performed. For procurement, a 
material and equipment list (MEL) can be found in Attachment B-1. A summary of the required 
equipment is as follows: 

Multichannel data loggers (In Situ@ Hermit 2000 or equivalent) with fifteen 20 pounds per square 
inch (psi) transducers with necessary fittings and cables. The data logger and transducer system 
will be capable of recording at rates as frequently as two readings per second. Cables will be 
of sufficient length to reach from the data logger to a maximum of 40 feet below ground level. 
Data logger cables will be protected from chemicals in the groundwater that may degrade them. 
A 1-inch PVC tube with adapter for the transducer will be used to protect the cable from 
deterioration. 

Electrical water level measuring tape graduated in hundredths of a foot for water level 
measurement. 

Stopwatches and digital wristwatches capable of being synchronized within 1 second for each 
member of the slug test team. 

One centralized weather station capable of measuring 
rainfall. 

White nylon cords of sufficient length for lowering and 

Pocket knife. 

Indelible pens and/or pencils. 

Field book. 

Health and safety equipment and clothing. 

Slug test log forms (Attachment E-1). 

barometric pressure, temperature, and 

retrieving slugs from each well. 

Plastic visqueen sheeting to place slugs and cord on prior to lowering into and after retrieval from 
each well. 

Combined pH, conductivity, dissolved oxygen (DO), and temperature meter (if possible); 
otherwise, instruments to measure all four parameters. 
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Disposable polyvinyl chloride (PVC) bailers. 

Purge pump (2-inch). 

Laptop or similar portable computer with internal power source. 

A total of 12 slugs will be constructed to the following diameters and lengths: 

Slug Length (ft.) Number of Slugs for Qinch Number of Slugs for 2-inch 
wells wells 

1.5 

2.0 

3.0 

5.0 

Slugs that will be inserted in 4-inch wells will have a nominal OD of 2 inches. Slugs that will be inserted 
in 2-inch piezometers will have a nominal OD of 1 inch. The materials for constructing slugs are 
described on the MEL in Attachment B-1. The materials will come in appropriate lengths to construct 
the above described slugs. 

Slug tests will be performed in accordance with SCQ Appendix J.4.6.2 procedures. These procedures 
are found in Attachment C of this document. 

The slugs will be solid cylinders of known volumes, and each slug will have dimensions that allow it to 
occupy (as much as possible) an interval no more than 1 foot above the base of the well screen and no 
less than 1/2 foot below static water level once the well has equilibrated. The slugs will consist of 
materials (in most cases PVC) that cannot be physically degraded by contaminants in the groundwater 
and can also be easily decontaminated. Decontamination of slugs, transducers, cables, and electronic 
water level probes will be performed after each test in accordance with SCQ procedures (Table 2-2). 

Water levels will be measured with pressure transducers and recorded on a data logger. Operation of 
the pressure transducer and data logger system will be in accordance with manufacturer's instructions. 
The pressure transducers will be installed no lower than 1 foot above the base of the well screen. Since 
a high well density exists in some areas of the site, multiple slug tests can be performed in a short period 
of time if enough slugs, pressure transducers, 'and a multichannel data logger are available. Therefore, 
two or three data loggers with four channels (In Situ@ Hermit 2000 or equivalent) will be used along with 
pressure transducers attached to 150-foot cables on spools. 
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Since pressure transducers will be used to measure water level recoveries, care should be taken when 
lowering the slugs into the well. Striking the transducer with a slug or sudden pressure increases on the 
transducer caused by suddenly dropping the slug in the well may damage the transducer; therefore, 
carefully lower the slug to the prescribed depth. The slug will be lowered into and retrieved from the 
well with white nylon cord. A fresh new white nylon cord will be attached to the slug for each test. 

Many of the wells may have elevated concentrations of hazardous or radioactive constituents. Attachment 
D provides the concentration of contaminants in each well. The rising head slug test is the preferred 
method; however, before the rising head test is performed, several conditions will be met. Figure 2-2 
illustrates the logic involved in the selection of a slug test method. This process will ensure that the 
proper methods are used for each test. Attachment A contains lithology and well construction 
information. Well development records will be available for the field team prior to the start of the tests. 

Using a falling head slug test, the data logger will be started and the slug will be instantaneously lowered 
into the well. The well will be allowed to equilibrate to static water level. When it is concluded from 
well development checks that the well is responding properly, a rising head test will be performed. The 
slug will be removed and the water will be allowed to recover while water levels are recorded with the 
data loggedpressure transducer system. The falling head test will determine at what rate the water levels 
will be recorded; however, unless the static water table is above the screen and filter pack, the falling 
head data will not be used to calculate hydraulic conductivity. For low yield wells, slugs can be inserted 
in wells and left overnight to equilibrate. Slug test data will be recorded on the same type of form shown 
in Attachment E- 1. 

If the rising head method of slug testing cannot be applied to a test well because the water column is 
shorter than any of the slugs described in item 16, another falling head method of slug testing will be 
applied by the introduction of a known volume of water into the casing annulus. A slug of deionized 
water will be introduced instantaneously with an instrument as described and illustrated in Figure B, 
Attachment B-1. Water levels will be recorded with pressure transducers in the same fashion described 
above for the rising head method. It should be noted that this method is valid for calculation purposes 
only if the static water level in the well stands above the top of the sand pack interval. 

If a falling head or rising head method of slug testing cannot be applied to a test well because of slow 
recoveries (e.g., in a tight clay), a rising head test will be employed using a bail down method. For this 
method, the low-yield well will be bailed or purged dry. Then, water level measurements will be taken 
manually at 1-minute intervals for the first 5 minutes with a depth probe. If little recovery is noted after 
5 minutes, water level measurements will be taken every 5 minutes for the first hour of the test, then at 
10 minute intervals until a trend is established. If a measurable quantity of water has not entered the well 
bore after 3 hours, the test will be terminated. 
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SLUG TEST 

METHOD SELECTION PROCESS 
Examine Lithologic 

Boring, Well Construction, 
and Water Level Records 

Above Sandpack? 

Examine Current Well 
Status for Damage and 

Accessability 

.1 Yes J, 

I 
~~ ~ 

Perform Solid Cylinder Falling 
Head Slug Test. I Leave Slug in Well. Examine Initial Well Development 

Forms, Proceed to Well, Open 
Well, and Follow 

I SCQ Procedures 

I 
I 

Head Slug Test. 

+l Do Not Test Well I Compare Falling Head Data with I Initial Well Development I 
J( Yes 

Compare Falling Head Data 

I Perform Bail Test and 
Compare Results with 

Initial Well Development 

Perform 
Rising 1 Head Test 

... 
Complete Bail Test 
if low permeability 

zone. Perform 
instantaneous 

water slug 
injection test if 

high permeability 
zone. 

Determine if Well Remains Dry I 
Perform . 
Rising 

Head Test 

- ?  J, Yes 4l Redevelop Well 

F .  

Redevelop Well 
~ 

J( yes 

Redevelop Well L I I 

._. 3. .. . 

I '  

-0 ' 

Yes 

1 
w 

A Initial 

Re-evaluate Development Res- 
ponse on the Basis of Screened 
Interval Lithology and Determine 
if Well Should be Slug Tested" 

Perform 
Bail or 

Injection 
Test 

Well Development 
Results Significantly 
Different from Re- 

development? 
Risi 

. .  . LA Head Test 

" PARSONS Field Representative 
will concur with FERMCO 
geologist-in-charge to determine 
if well should be tested. 

Development Response 
on the Basis of Screened Interval 

Lithology and Determine if 
Well Should be Slug Tested" -1 Re-evaluate Development Response 

on the Basis of Screened Interval 
Lithology and Determine if 

Well Should be Slug Tested" 

Re-evaluate Development Response 
on the Basis of Screened Interval 

Lithology and Determine if 
Well Should be Slug Tested" 
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Wells with water levels that are too low to measure with the rising head method and that are below the 
top of the filter pack interval (including dry wells) will be tested with another form of falling head test. 
This test will be set up with pressure transducers as described above. The data logger will be started and 
deionized water will be introduced into the well bore until it reaches the top of the casing. A 
measurement of the decline in head will be recorded at a rate determined by well development response 
(Figure 2-2). Since the screened (and filter packed) zone is not fully saturated, hydraulic conductivity 
cannot be calculated. 

Each well will respond differently during the test. The length of a test may range from less than a minute 
to several hours. As specified in the SCQ Appendix J.4.6.2, the test shall continue until the water level 
in the test well returns to equilibrium, or for slowly recovering wells, until a sufficient number of 
readings have been made to clearly show a trend on a semi-log plot of time versus water level. The 
readings can be recovered from the data logger during the test and will be recorded along with other 
pertinent information on test forms as seen in Attachment E-1 of this plan. 

2.4 Data Analysis 

Slug test forms will be submitted to PARSONS along with data logger field tapes and computer disks. 
Data from the slug tests will be analyzed using the Bouwer and Rice (1976) or Cooper et al. (1967) 
methods of analysis. The calculations will be performed with the AQTESOLV" @uffield and Rumbaugh 
1991) software package. Data will be analyzed to determine the hydraulic conductivity in the vicinity 
of each well tested. The software will be verified in accordance with PARSONS ERA Project Procedures 
(PARSONS 1992). 
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SECTION 3 

PUMPING TESTS 

3.1 Specific Objectives 

Pumping tests are performed to calculate hydraulic properties of the water bearing sand zones in the 
GT/VZ. Data from these tests will be used to determine the hydraulic conductivity, storativity, and 
anisotropic conditions that may exist in the vicinity of the test wells. If the sand unit is confined or 
partially confined, the vertical hydraulic conductivity (K‘) of the overlying aquitard can be calculated. 
Hydraulic boundaries may also be identified during these tests. Following the installation of-the test 
wells, groundwater samples will be taken and analyzed for total uranium, general chemistry (anions and 
cations), and volatile organic compounds (VOCs). 

Each pumping test will be performed in three stages. The first stage will involve a stepdrawdown test 
to determine the optimum flow rate for the constant rate test. The second stage of each pumping test will 
be a constant rate test that will last until the test approaches steady-state or a maximum of 7 days. The 
third stage of the pumping test will consist of an aquifer recovery period (immediately after the constant 
rate pumping ceases) where groundwater elevations will be observed and recorded in the pumping well 
and all piezometers and pumping wells in each test network. Data from the pumping tests will be 
analyzed and included in the GT/VZ hydraulic investigations report. 

3.2 Well Placement and Design 

As mentioned in Section 1, three areas (designated W, X, and Y) have been selected for the pumping 
tests. Figure 3-1 shows the test well and observation well networks for the three pumping tests. Certain 
monitoring wells that currently exist in the vicinity of the pumping tests will also be used as observation 
wells. Figure 3-2 shows the basic configuration of the well installation program for each pumping test 
network (areas W, X, and Y). The FERMCO SCDM group will secure the necessary penetration and 
radiation worker permits for these wells. Attempts will be made to include an existing monitoring well 
in each of the pumping test networks. 

Due to uncertainties with respect to drawdown in the large sand body beneath Plant 2/3 the distances of 
observation wells and piezometers from the test wells will be refined using a phased approach. Data from 
the short- and long-term yield tests (Section 6) will help define drawdown at specific distances from a 
pumped well. Monitoring Well 1785 is a good candidate for a long-term yield test because a pump 
already exists in the well and several monitoring wells and piezometers are around it. Also, Monitoring 
Well 1785 is in a thick section of sand lying between Plant 2/3 and Paddy’s Run. The short-term yield 
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. -.------ - 
Figure 3-1 - Pumping Test Network Areas 
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tests (Monitoring Wells 1076, 1339, and 1274) will also provide useful'drawdown data for the test wells 
that may be screened in sands with different permeabilities. 

Piezometers locations will be selected for each test based on the results of other pumping tests performed 
under this work plan. Results of the first pumping test will be used to refine the piezometer distances 
for the second pumping test. Results of the first and second pumping test will be used to refine 
piezometer distances for the third pumping test. 

The test well in the pumping test network will be packer tested in the lower clay zone at the base of the 
overburden. Prior to packer testing, undisturbed soil samples will be recovered from the test well. The 
undisturbed samples will be collected over a continuous 5-foot section in the lower clay zone at the base 
of the overburden. This will provide a clean hole for the pump-in packer test. 

3.2.1 Desian and Installation of Test Wells 

The test wells and piezometers will be installed under the policies and guidelines provided in the SCQ. 
Table 3-1 references procedures pertaining to drilling and well installation activities to the SCQ. 

Table 3-2 provides construction details for each test well in areas W, X, and Y. General drilling 
practices will be in accordance with the SCQ. The wells will be advanced by hollow stem auger 
methods. Each test well will be drilled through the saturated sand unit. Table 3-2 shows the approximate 
depth of each test well; however, the geologist-incharge in concurrence with the PARSONS field 
representative will be responsible for selecting the total depth and screen intervals for each test well. 

Continuous split spoon samples or undisturbed samples will be collected from the surface to the base of 
each test well boring. Field screening of samples will be conducted with HNu, beta, and gamma 
scanners. Samples will be collected in accordance with SCQ requirements, and a lithologic log will be 
generated for each boring in accordance with Appendix J.4.1.2 and Appendix B, Form J-1 of the SCQ. 
Samples will be archived as directed by FERMCO SCDM. Well completion logs will be completed in 
accordance with SCQ Appendix B, Form J-2. Attachment A of this document includes boring logs for 
wells in the vicinity of the pumping tests for comparison purposes. Geotechnical lab analyses will be 
performed in accordance with SCQ procedures uable 3-1) for each well on selected samples from 
different lithologic units. For split spoon samples, the geotechnical lab will perform grain size analysis, 
visual descriptions, and also Unified Soils Classification System (USCS) classification. The geologist-in- 
charge will be responsible for selection of these samples in concurrence with the PARSONS field 
representative. For undisturbed (Shelby/Dennison tube) samples, grain size with hydrometer analysis, 
moisture content, porosity, void ratio, Atterberg limits, lab density, specific gravity, constant head 
permeability (triaxial cell with back pressure), visual descriptions, and USCS classifications will be 
performed. 
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I .  

. fable 3-1 - Pumping Test Well and Piezometer Installation Procedures 

PROCEDURE 

Administrative Procedures 
New Procedure 
Attachment FEIW SCQ (1992) Section 

Chain-of-Custod y 7.1 

Corrective Action 15.2 
~~ ~ 

Daily Logs 5.1 and Appendix J.4.1 

Variances 15.4 

Field Procedures 

General Drilling Practices 5.2.1 and Appendix J.4.2 

Subsurface Sampling Appendix K.5.3 

Monitoring WelllPiezometer Design, 5.2.2 and Appendix 5.4.3 
Installation, and Abandonment *EM-GW-004 

Well Development 5.2.3 and Appendix 5.4.4 

Field Screening of Samples for 
Radioactive Contamination 

Decontamination Appendix K. 11 

Appendix K.5.3.2 

Field Storage and Shipment of 
Samples 

Appendix K. 10 

Packer Testing c-5 

Pressure Pulse Test c-7 

Laboratory Test Procedures 

Grain Size Analysis Attachment I, Volume V 
Hydrometer Analysis Attachment I, Volume V 
Permeability Testing 
Atterberg Limits Attachment I, Volume V 
Moisture Content Attachment I, Volume V 
Void Ratio Attachment I, Volume V 
Porosity Attachment I, Volume V 
Lab Density and Specific Gravity Attachment I, Volume V 

c-3 

* Well abandonment will also follow this procedure listed in the MMCO Environmental 
Monitoring Procedures Manual, Rev. 28 (June 16, 1992). 
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Table 3-2 - Test Well 

Parameter 

Pump Test Wells: 
WTW- 1 

XTW- 1 

Criteria 

Est. State Planar Coordinates: 497900N and 1378500E 

Est. State Planar Coordinates: 480200 and 1379650E 

YTW-1 

Static Water Level Depth (Relative to 
ground surface) 
_ _ _ ~ _ _ _ _  ____ ~ ~ _ _ _ _ _ _ _  

Base of Well Screen Depth (Relative 
to ground surface) 

Est. State Planar Coordinates: 479000 and 1379850E 

Approximately 5 to 10 feet 

~ ~ ~ _ _ _ ~  ~ ~~ 

Anticipated maximum depth approximately 20-25 feet 
(i.e., the base of the upper lacustrine sand) 

Anticipated Drawdown 

Screen 

Filter Pack 

10-20 feet at 20 gpm (maximum) 

5.8-inch ID, 6.7 OD stainless steel wire wrap 0.02 slot - 
10 to 15 feet per well 

Medium or coarse sand, from top to base of sand being 
tested. 

Sump 

Casing 

Screen and Filter Pack Interval 

Pump Inlet Placement 

Pump Flow Rate 

4 feet 316 stainless steel 6-inch ID 

6-inch ID 316 Stainless Steel - 10 to 15 feet of riser per 
well 

A minimum of 85 percent of the saturated thickness of 
the sand being tested 

Below base of screen in 4-fOOt sump 3 feet from bottom 
of sump. Cooling shroud to prevent overheating during 
7day test, if required. 

Variable - between 0.5 and 20 gpm with ability to sustain 
a maximum 20 gpm for 7 days. Up to 200,000 gallons 
of water per well may be pumped. 

Pump Type 

Pumping Appurtenances 

Drawdown Measurement 

Submersible 2 inch or 4 inch 

1) 

2) 

2) 
3) 

1-inch PVC stilling pipe inside the well 

Backflow preventer - check valve to prevent 
water in discharge line from re-entering well 
Flow Control - variable speed drive or throttled 
discharge valve 
Flow measurement - flow meter on discharge line 
Sampling - sampling port on discharge line 
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Construction of the test wells will be as ilhstrated in 
procedures. The PARSONS field representative will 
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Figure 3-3 and will be in accordance with SCQ 
be present during all well construction activities 

(i.e., when screens, filter packs, and seals are being set). 

A 4-foot sump will be installed at the base of the screened interval. 
submersible pump for the pumping test. 

The sump will enclose the 

The screen will be installed from the base of the sand unit being tested to 1 foot below the base of the 
overlying clay; however, attempts will be made to screen no less than 85 percent of the entire sand body. 
The filter pack will be installed from the base of the boring to the top of the sand. The filter pack will 
be capped by a 5-foot bentonite pellet seal. The bentonite seal will be covered with volclay grout to 
within 1 foot of the surface. The wellhead will be completed with an aboveground locking protective 
cover assembly in accordance with of the SCQ procedures. Well development will also be in accordance 
with the SCQ procedures. 

Following well development, one round of groundwater samples will be collected from all three test 
wells. Analyses will be performed for total uranium, general chemistry, and VOCs. The target analyte 
list PAL) and container/preservation requirements can be found in DQO 2 in Attachment F-2 of this 
document. 

3.2.2 Desiqn - and Installation of Piezometers 

Tables.3-3 through 3-5 provide the specific design requirements for the piezometers in each area. As 

shown in Figure 3-2 a total of six piezometers will be installed for each of the three pumping test 
networks (WPZ-lA, lB, lC, 2, 3, and 4), (XPZ-lA, IB, lC, 2, 3, and 4), and (YPZ-lA, IB, lC, 2, 
3, and 4). In each area, four 2-inch internal diameter (ID) piezometers (WPZ-lB, 2, 3, and 4; XPZ-lB, 
2, 3, and 4; and YPZ-lB, 2, 3, and 4) will be installed in the saturated sand unit. Also in each area, one 
2-inch ID piezometer (WPZ-lA, XPZ-lA, and YPZ-1A) will be installed in the confining clay layer 
above the sand, and one 2-inch ID piezometer (WPZ-lC, XPZ-lC, and YPZ-1C) will be installed in the 
confining layer below the sand unit. The locations and spacing of the piezometers are subject to changes 
in hydraulic conditions observed in other tests. These locations will be selected and verified with 
representatives from FERMCO CRU-5 and PARSONS prior to installation. 

The piezometers will be advanced by hollow stem auger methods. Drilling will be in accordance with 
the SCQ. Tables 3-3 through 3-5 show the approximate depth of each of these piezometers; however, 
the geologist-incharge in concurrence with the PARSONS field representative will be responsible for 
selecting the total depth and screen intervals for each piezometer. 
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Ground Surface 

sand zone 

Clay 

Top of Protective Casing 3 feet 

Casing Stickup 1.75 feet 

Concrete Pad 

Bottom of Protective Casing 
Top of Grout Seal 
Diameter of Borehole 12 mhes  

Type of Grout, Volume used (ft) 

Casing Material, Diameter, Wail Thickness: 

316 -el. CD. 6.63' OD 

Volclav. va riable 

Top of Bentonlte Pellet Seal 

Top of Filter Pack 

Top of Screen 

Fllter Pack: 

Screen Material: 

W ID. 6.7' OD. s t a r n l e s s - w i r e  YEW. .02 slot 

W e l w d  medium or coarse sa nd 

2 0  

c 
: o j  

4 a- 
:. 0 

* b e l  

' 5; 

c- 

-. 

: 0 ,  

'2 
: O j  

Bottom of Screen 

b 

k-g 

- 
- 

Bottom of Boring 

ERAFSZWACDATAULLUSDATA\OU-!WO37 WELL FIG 3-3 

Figure 3-3 - Example Completion for Test Well 
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Table 3-3 - Piezometer Design Requirements: Area W 

-.- 

I: I 

.. . 
c 

Parameter 

Casing Diameter 

Screen Diameter 
~~~~ ~ ~~~ 

Screen Slot Size 

Screen Interval 

Filer Pack 

Locations in Relation to WTW-1 

Requirement 

2-inch minimum ID PVC 

2-inch minimum ID PVC 

0.01-inch 

1) WPZ-lB, 2, 3, and 4 - a minimum of 
85% of the saturated thickness of the 
lacustrine sand 
WPZ-1A - upper clay unit - 1-foot 
interval 
WPZ-1C - lower clay unit - 1-foot 
interval 

2) 

1) Medium or coarse sand 

WPZ-lA, at a distance of 10 feet 
from WTW- 1 : Depth approximately 
6 feet. 
WPZ-lB, in a cluster with WPZ-1A: 
approximately 20 feet. 
WPZ-IC, in a cluster with WPZ-1A 
and WPZ-1B: Depth approximately 
25 feet. 
WPZ-2, at a distance of 30 feet from 
WTW-1; and on line with WPZ-1 
cluster, depth approximately 20 feet. 
WPZ-3, at a distance of 100 feet from 
WTW-1, and on same bearing line as 
from WPZ-1 and WPZ-2. 
WPZ-4, at a distance of 10 feet from 
WTW-1 and at 90 degree to the 
bearing line with WPZ-1, -2, and -3. 
Potential monitoring well at a distance 
to be determined (approximately 50- 
100 feet from WTW-1 and on a 
bearing line with WTW-1 and 
WPZ-4. 
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Table 3-4 - Piezometer Design Requirements: Area X 

Parameter 

Casing Diameter 

Screen Diameter 

Screen Slot Size 

11 Locations in Relation to XTW-1 

~~ ~ 

Requirement 

2-inch ,minimum ID PVC 

2-inch minimum ID PVC 

0.0 1 -inch 

1) XPZ-lB, 2, 3, and 4 - a minimum of 
85% of the saturated thickness of the 
lacustrine sand 
XPZ-1A - upper clay unit - 1-foot 
interval 
XPZ-1C - lower clay unit - 1-foot 
interval 

2) 

1) Medium or coarse sand 

XPZ-lA, at a distance of 10 feet from 
XTW-1: Depth approximately 6 feet. 
XPZ-lB, in a cluster with XPZ-1A: 
approximately 20 feet. 
XPZ-IC, in a cluster with XPZ-1A 
and XPZ-1B: Depth approximately 
25 feet. 
XPZ-2, at a distance of 30 feet from 
XTW-1; and on line with XPZ-1 
cluster, depth approximately 20 feet. 
XPZ-3, at a distance of 100 feet from 
XTW-1, and on same bearing line as 
from XPZ-1 and XPZ-2. 
XPZ-4, at a distance of 10 feet from 
XTW-1 and at 90 degrees to the 
bearing line with XPZ-1, -2, and -3. 
Potential monitoring well at a distance 
to be determined (approximately 50- 
100 feet from XTW-1 and on a 
bearing line with XTW-1 and XPZ-4. 

~~ 
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Table 3-5 - Piezometer Design Requirements: Area Y 

Parameter 

Casing Diameter 

Screen Diameter 

Screen Slot Size 

Screen Interval 

Filter Pack 

Locations in Relation to YTW-1 

Requirement 
~~ ~ 

2-inch minimum ID PVC 

2-inch minimum ID PVC 

0.01 -inch 

1) YPZ-lB, 2, 3, and 4 - a minimum of 
85% of the saturated thickness of the 
lacustrine sand 
YPZ-1A - upper clay unit - 1-foot 
interval 
YPZ-IC - lower clay unit - 1-foot 
interval 

2) 

1) .Medium or coarse sand 

YPZ-lA, at a distance of 10 feet from 
YTW-1: Depth approximately 6 feet. 
YPZ-lB, in a cluster with YPZ-1A: 
approximately 20 feet. 
YPZ-lC, in a cluster with YPZ-IA 
and YPZ- 1 B: Depth approximately 
25 feet. 
YPZ-2, at a distance of 30 feet from 
YTW-1; and on line with YPZ-1 
cluster, depth approximately 20 feet. 
YPZ-3, at a distance of 100 feet from 
YTW-1, and on same bearing line as 
from YPZ-1 and YPZ-2. 
YPZ-4, at a distance of 10 feet from 
YTW-1 and at 90 degrees to the 
bearing line with YPZ-1, -2, and -3. 
Potential monitoring well at a distance 
to be determined (approximately 50- 
100 feet from YTW-1 and on a 
bearing line with YTW-1 and YPZ-4. 
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In all three areas, continuous split spoon sampling will be conducted from the surface to the base of each 
piezometer boring. Samples will be archived as directed by the FERMCO SCDM group. 

Split spoon and undisturbed samples will be collected, preserved, and shipped in accordance with SCQ 
requirements. A lithologic log will be generated for each boring in accordance with Appendix J.4.1.2 
and Appendix B, Form J-1 of the SCQ. Piezometer completion logs will be completed in accordance 
with SCQ Appendix B, Form J-2. For comparison purposes, boring logs for wells in the vicinity of the 
pumping tests are enclosed in Attachment A. Grain sue (sieve) analysis will be performed for each 
piezometer completed in the sand unit. The geologist-incharge will be responsible for selecting samples 
in concurrence with the PARSONS field representative. Grain size analysis will be performed in 
accordance with methods in the SCQ. Requirements for geotechnical laboratory containers for all tasks 
are provided in DQO No. 3 (Attachment F-3). 

Construction of the piezometers will be as illustrated in Figures 3-4 through 3-6 and will be in accordance 
with SCQ procedures. Variances may be required depending on screen depths, lithologic conditions, 
water table elevations, etc. Piezometers WPZ-lB, 2, 3, and 4; XPZ-lB, 2, 3, and 4; and YPZ-lB, 2, 
3, and 4 will.be installed first followed by WPZ-lA, XPZ-lA, and YPZl-A and then WPZ-IC, XPZ-lC, 
and YPZ-1C. The PARSONS field representative will be present during all piezometer construction 
activities (i.e., when screens, filter packs, and seals are being set). Piezometer development will also 
be in accordance with the SCQ procedures. 

For piezometers WPZ-lB, 2, 3,and 4; XPZ-IB, 2, 3, and 4; and YPZ-lB, 2, 3, and 4, the screen will 
be installed from the base of the sand unit being tested to 1 foot below the base of the overlying clay; 
however, attempts will be made to screen no less than 85 percent of the entire sand body. The filter pack 
will be installed from the base of the boring to the top of the sand unit being tested. The filter pack will 
be capped by a 5-foot bentonite pellet seal. The bentonite pellet seal will be covered with volclay grout 
to within 1 foot of the surface. The wellhead will be completed with an aboveground locking protective 
cover assembly in accordance with the SCQ procedures. 

For piezometers WPZ-lA, XPZ-lA, and YPZl-A, the borings will be advanced to a depth of 2 feet 
above the top of the of the sand being tested (as identified in piezometers WPZ-lB, XPZ-lB, and YPZ- 
lB, respectively). A 1-foot screen will be set from the base of each boring with a 1-1/2-foot filter pack 
capped by a 5-foot bentonite pellet seal. The base of the filter pack will be set approximately 2 feet 
above the sand unit. The sand unit will not be penetrated by the boring. The bentonite pellet seal will 
be covered with volclay grout to within 1 foot of the surface with an aboveground locking protective 
cover assembly in accordance with the SCQ procedures. The wellhead will be completed with an 
aboveground locking protective cover assembly in accordance with the SCQ procedures. 
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. . "  . ., . 

Top of Protsctlve Casing 7 0 feet 

Casing Stlckup 1.75 feet 

I I  I I  GroundSurface 

Concrete Pad 

Bottom of Protectlve Caslng 3.0 feet 
Top of Grout -1 

Type of Grout, Volume used (ft) Voldav 

Caring Material, Diameter, Wall Thickness: 

7' PVC. Schedule 40 

Top of Bentonite Pellet Seal 

Top of Alter Pack 

Top of Saeen 

Alter Pack -d 

PVC. -le 40. .01 slot 

Bottom of Screen 

Bottom of Boring 

Well Tip 

ERAFSZVrlACDATA\ILLUSDATA\OU-5U'037 WELL FIG 3-4 

Figure 3 4  - Example Completion for Piezometers WPZ-lA, XPZ-lA, and YPZ-1A 
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Variable 
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Variable 

Variable sand pack 85% of 
from top to base of total sand 
sand zone thickness 
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Top of Protective Casing 7 feet v 
Casing Stickup 1.75 feet r 

;2 oa > Ob* . .a* *: Lacustrine Sand 

ERAFS2\MACOATAULLUSOATA\OU-5\P0(17 WELL FIG 3-5 

Diameter of Borehole * m c h x  

Type of Grout, Volume used (rt) a ‘ I  

Cadng Material, Diameter, Wall Thickness: 

7. PVC. Schedule 40 

Top of Bentonite Pellet %ai 

Top of Filter Pack 

Top of Screen 

Filter Pack: Well su&d medim or wws sand 

Bottom of Screen 

n P  

\ Bottom of Boring 

Figure 3-5 - Example Completion for Piezometers WPZ-lB, XPZ-lB, and YPZ-1B 
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Top of hotectlve Casing Z.0  feet 

Casing Stickup k 
GroundSurfsce 

I 
Variable 

I 
Variable 

112 foot 

1-112 fi feet screen 1 foot 

I sand pack 

Concrete Pad 

Bottom of Protectlve Casing -- 
Top of Grout Seal 

Cadng Material, Diameter, Wall Thickness: - Top of Bentonite Pellet Seal 

Diameter of Borehole 8 inches 

Type of Grout, Volume used (A) 

Top of Screen 

miter Pad: C 
PVC. Schedule 40. . 01 slot 

Bottom of Screen 

Bottom of Boring 

Well n p  

ERAFS2\MACDATA\IUUSDATA\OU-5\P037 WELL. FIG 3-6s 

Figure 3-6 - Completion for Piezometers WPZ-IC, XPZ-IC, and YPZ-1C 
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For piezometers WPZ-IC, XPZ-lC, and YPZ-lC, the borings will be drilled to a depth of 5 feet below 
the sand unit being tested. A 1-foot screen will be placed below the sand unit with a 1-1/2-foot filter 
pack. The top of the filter pack will be 2 feet below the base of the overlying sand. The filter pack will 
be capped by a bentonite pellet seal to 1 foot above the top of the overlying sand unit, and the seal will 
be covered with volclay grout to within 1 foot of the surface. The wellhead will be completed with an 
aboveground locking protective cover assembly in accordance with the SCQ procedures. 

3.3 Pumping Test Design and Field Implementation 

As discussed in Section 4.1, data will be acquired in three stages during the pumping test: 

1) A stepdrawdown test 

2) 
3) 

A constant rate test up to 7 days 
A water level recovery period 

Each stage of the test will be used to define the next stage. Each stage is detailed in the following 
sections. The test design is based on Stallman (1971), U.S. Department of the Interior (1981), Driscoll 
(1986), Walton (1987), and Kruseman and deRidder (1990). 

3.3.1 Reauired Personnel 

During the actual performance of the pumping test, the following personnel will be required at various 
times on site: 

FERMCO SCDM Task Manager: Responsible for overall coordination of the project 

SCDM Lead Pumping Test Specialist (geologist-incharge): 
procedures 

Responsible for test setup and 

SCDM Technicians: Responsible for data collection, well measurements, pump installation and 
operation, piping hookups, routing and operation of discharge lines, pressure transducer 
installation and operation of data logger, and groundwater sampling 

FERMCO CRU-5 Health and Safety: Responsible for directing personnel and equipment across 
controlled access areas 

PARSONS Field Representative: Available to assist and consult with the FERMCO geologist-in- 
charge during the implementation of each pumping test according to work plan specifications 
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The Lead Pumping Test Specialist shall possess the necessary skills to perform as well as to direct the 
activities of the technicians. Participants shall be able to address contingencies competently and 
efficiently so that time and data are not lost. All field contingencies should be resolved to the fullest 
extent possible during the equipment shakedown period described below. 

3.3.2 Test Eauipment and Methods 

The following equipment will be required for each pumping test: 

1) Two 1.8-inch submersible pumps (GrundfoP, Rediflo-2, or equivalent) with check valve to 
prevent water from siphoning back into the well. Pumps are to include controller boxes and 50 
feet of associated cables (2 wire assembly for 230 volt operation). Pump must be capable of 
pumping between 0.5 and 10 gpm and must be able to pump against static and friction head to 
its discharge point. 

2) Two 3-15/16-submersible pumps (Grundfos@ Model 23305-3 or equivalent with check valve to 
prevent water from siphoning back into the well. Pumps are to include controller boxes and 50 
feet of associated cables (2 wire assembly for 230 volt operation). Pump must be capable of 
pumping between 10 and 30 gpm and must be able to pump against static and friction head to its 
discharge point. 

3) Electrical source (230 volt) supplied by the site to power the pump for as long as 7 days of 
continuous operation compatible with the 230 volt pump cable. 

4) Discharge hose (1-inch ID) and necessary fittings from pump to discharge point. 

5 )  Electrical source (1 10 volt) for ancillary field equipment. 

6) Gate valve or other flow control device to control discharge from the test well. 

7) Flow meter with totalizer to measure flow in gpm and total discharge in gallons. 

8) Multichannel data loggers (In Situ@ Hermit 1000 and 2000 or equivalent) with 15 transducers 
with necessary fittings and cables. Data logger and transducer system will be capable of 
recording at rates as frequent as two readings per second. A 1-inch 1D PVC tube with adapter 
for the transducer will be used to protect the cable from deterioration. 

9) A single channel data logger and transducer for backup purposes, particularly during recovery 
period. 
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Seven steel tapes with chalk, or electrical water level measuring tapes (both types at least 200 feet 
long and graduated in hundredths of a foot) for water level measurement. 

Stop watches and digital wrist watches capable of being synchronized within 1 second for each 
member of the pump test team. 

Lightplant or other lighting for overnight activities. 

Portable hand-held lighting (e.g., flashlights and lanterns) for each member of the team. 

A weather station capable of measuring barometric pressure,. temperature, and rainfall. 

Combined pH, Specific Conductance, and Dissolved Oxygen meter. 

Thermometers (at least two). 

Sample bottles and shipping containers. 

Portable computer. 

Log-log 3- by 5-cycle and semi-log 3-cycle graph paper for plotting drawdown data. 

Distilled water and equipment for decontamination of probes and steel tapes. 

Sampling port on flowline for groundwater sampling. 

Health and safety equipment and clothing. 

Indelible pens and/or pencils. 

Field notebook and water level recording forms. 

3.3.3 Procedures 

Procedures for performing the tasks associated with the pump test will be consistent with guidelines 
provided in the SCQ and new procedures developed as part of this plan. These procedures are 
referenced in Table 3-6. Any procedure that is not already in the SCQ will be submitted as a Document 
Change Request (DCR) to the SCQ. The new procedures are described in detail in Attachment C. 
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Table 3-6 - Pump Test Procedures 

REFERENCE 

1 

PROCEDURE 2 

Administrative Procedures 3 

Chain-o f-Custodv 7.1 A 

Corrective Action 15.2 5 

6 Daily Logs 

Variances 15.4 

Field Procedures 

5.1 and Appendix 5.4.1 

7 

a 

Ground Water Level Measurement - ADDendix K.4.2.1 9 

Water Level Measurements - Metal TaDe C-5 10 

Water Level Measurement Form E-2 

AquifedPermeability Testing 

Decontamination Appendix K. 1 1  

5.2.5 and Appendix J.4.6 

Field Storage and Shipment of Samples Appendix K. 10 14 

Field Calibration Requirements Appendix I 15 

Verification of Well Sensitivitv 16 

Field Test: 
Temperature Appendix K.4.1.1 
PH Appendix K.4.1.2 
Specific Conductance Appendix K.4.1.3 
Dissolved Oxygen Appendix K.4.1.4 

Laboratory Test Procedures 22 
~~ 

Attachment I, Volume V, 
Method No. FM-RAD4120 

Total Uranium 23 

Volatiles Attachment I, Volume V 
General Chemistry Attachment I, Volume V 

24 

25 

26 
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3.3.4 EauiDment Shakedown and Backwound Data 

The pumping test equipment for the test wells (WTW-1, XTW-1, and YTW-1) will be installed in 
accordance with Figure 3-7. In order to minimize unforeseen problems, all equipment will be subjected 
to a performance shakedown at least 1 day prior to the test. Power supplies, the pump, flow lines and 
discharge collection systems, valves, gauges, meters, lighting, recorders, data loggers, and any other 
equipment subject to mechanical, structural, and/or electrical failure will be inspected and field tested 
prior to startup of the pumping test. The shakedown will attempt to duplicate the elements of the step 
drawdown test (pumping rates, measurement techniques, tolerance interval, etc.) described below. The 
PARSONS. field representative will be present during the equipment shakedown to concur that all 
equipment is properly calibrated and functioning. 

Water level measurements of the test well, piezometers, and primary observation wells will be collected 
four times a day for 1 week prior to the start of the test. Also, 1 week before the test, two background 
wells will be selected several hundred to 1,000 feet away from the test wells and equipped with a data 
logger/transducer system to monitor water levels every 1/2 hour. The background wells will be screened 
in the sand. unit that extends from Plant 2/3 to Paddy's Run. One will be monitored where it appears to 
be confined; the other where it appears to be unconfined. Data logger/pressure transducer systems will 
be placed in four of the monitoring wells and allowed to collect data for 1 week prior to the test. The 
data loggers will be set to record a water level reading every 30 minutes. The PARSONS field 
representative will be available to consult with FERMCO personnel on the installation, calibration, and 
use of the data logger and pressure transducer system. 

3.3.5 SteD Drawdown Test 

A step drawdown test will be conducted to determine well yield and optimum pumping rate for each 
constant rate pumping test. The test well will be pumped at three successively higher rates: . l ,  5, and 
10 gpm are recommended; these rates may be adjusted in the field as necessary. Each step will have a 
duration of 2 hours (longer if a drawdown trend has not been established, shorter if the well runs dry). 
During each step period, flow will be maintained at + or - 5 percent (within the tolerance interval 
suggested by Stallman [1971]) of the designated rate by means of a throttling device or other flow control 
method. 

Water levels will be measured in the test well and primary observation wells by pressure transducers 
linked td a data logger. Water levels will also be monitored periodically utilizing electrical water level 
indicators and/or steel measuring tapes so that data logger readings can be cross checked. Tables 3-7 
through 3-9 list all the wells and piezometers to be used for observation purposes during the test and the 
method of water level measurement. Information from the drawdown measurements will be used to 
determine if the well can pump at a sufficiently high rate to adequately stress the saturated sand zone. 
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Discharge and disposal of the water from the step drawdown tests will be to holding tanks and then 
trucked to the FEMP’s wastewater treatment facility. Current estimates are approximately 2,400 gallons 
for each test if run for a period of 8 hours. 

Water level measurements shall be recorded on a form similar to that shown in Attachment E-2. Water 
levels will be measured relative to the top of the well casing reference point. The PARSONS field 
representative will be available to consult with FERMCO personnel on the installation, calibration, and 
use of the data logger and pressure transducer system. 

3.3.6 Constant Rate Test 

After the step drawdown test and before commencement of the constant rate test, the water in the sand 
zone must be allowed to recover and stabilize at or near pre-pumping levels. For this test, the water level 
should recover and stabilize until the day following the step drawdown test, 12 hours or a period equal 
to the duration of the step test, whichever is longer. 

Each test well will be pumped at the optimum rate determined by the step drawdown test (as agreed by 
the PARSONS field representative and the FERMCO geologist-incharge) for a maximum period of 7 
days or until steady state conditions are reached, whichever is shortest. Discharge will be measured with 
a flow meter and maintained within + or - 5 percent of the designated rate by means of a throttled gate 
valve or other flow control method. Discharge will be checked and adjusted as necessary every 10 
minutes during the first hour of pumping and at 30-minute intervals thereafter. The discharge and time 
of measurement will be recorded and any adjustment will be noted. The flow rate will be recorded every 
minute for the first 10 minutes of the test, every 5 minutes for the next 4 hours, then every 15 minutes 
thereafter. Discharge from the well will be calibration checked four times a day with a stop watch and 
5-gallon bucket. Volume discharged to the bucket will be recorded versus time and compared to the flow 
meter rate. 
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Table 3-7 - Measurements of Wells and Piezometers for Constant Rate Pumping Test: Area W 

Well ID 

wTw-1 (Pw) 

WPZ- 1 B 

WPZ-4 

WPZ- 1 A 

WPZ-IC 

WPZ-2 

11 WPZ-3 

~~ 

Method of Measurement 

Pressure Transducer and Electronic 4-Channel Data Logger 
~~~ ~ 

Pressure Transducer Attached to Data Logger at WTW-1 

Pressure Transducer Attached to Data Logger at WTW-1 

Pressure Transducer and Electronic 2-Channel Hermit Data Logger 

Pressure Transducer Attached to Data Logger at WPZ-1A 

Pressure Transducer and Electronic 2-Channel Hermit Data Logger 

Pressure Transducer Attached to Data Logger at WPZ-2 
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Table 3-8 - Measurements of Wells and Piezometers for Constant Rate Pumping Test: Area X 

Well ID II 
11 XTW-1 

11 XPZ-1B 

ll xPz-4 

11 XPZ-1A 

11 XPZ-1c 

)I XPZ-2 

11 XPZ-3 

Method of Measurement 

Pressure Transducer and Electronic 4-Channel Data Logger 

Pressure Transducer Attached to Data Logger at XTW-1 

Pressure Transducer Attached to Data Logger at XTW-1 

Pressure Transducer and Electronic 2-Channel Hermit Data Logger 

Pressure Transducer Attached to Data Logger at XPZ-1A 

Pressure Transducer and Electronic 2-Channel Hermit Data Logger 

Pressure Transducer Attached to Data Logger at XPZ-2 
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Table 3-9 - Measurements of Wells and Piezometers for Constant Rate Pumping Test: Area Y 

~ ~ ~ _ _ _ _ _ _ ~  ~ 

Well ID 

YTW-1 

YPZ-1B 

4333 

~ 

Method of Measurement . 
Pressure Transducer and Electronic 4-Channel Data Logger 

Pressure Transducer Attached to Data Logger at YTW-1 

YPZ-1c 

YPZ-2 

I Pressure Transducer Attached to Data Logger at YTW-1 ll ypz-4 

Pressure Transducer Attached to Data Logger at YPZ-1A 

Pressure Transducer and Electronic 2-Channel Hermit Data Logger 

11 YPZ-1A I Pressure Transducer and Electronic 2-Channel Hermit Data Logger 

YPZ-3 Pressure Transducer Attached to Data Logger at YPZ-2 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

I 1  

12 

E M S  1 \VOLl :RSAPPS\RSDATA\ 
OU-5\PO-3nGTIP.DOCy 

;?#4:.' 6 '. 
;! 7, 

3-25 



4.3 3 3 

The wastewater from the pumping tests will be discharged to holding tanks and trucked to the FEMP's 
wastewater treatment facility. Current estimates are approximately 50,000 to 100,000 gallons of water 
for each test. FERMCO will be responsible for managing the discharge and trucking of water generated 

, by the pumping test. 

As in the step test, drawdown in the test well and the primary observation wells will be recorded with 
the pressure transducer and data logger system. Time will be recorded in minutes. The water level 
drawdown data, measured in feet, will be plotted against a logarithmic time scale; therefore, water level 
data will be collected more frequently during the early time portion of the test to provide sufficient data 
points for curve matching analysis. Measurement intervals for piezometers and wells are recommended 
according to Table 3-10 (In Situ@ Inc. 1992 and Walton 1987). Since the data logger transducer system 
will be preprogrammed to collect more data points at the beginning of the test and is capable of recording 
at rates as low as two readings per second, sufficient data points will be available for the logarithmic data 
plots. Data will be downloaded from the data logger during the test and plotted on semi-logarithmic 
graph paper to determine the shape of the drawdown curve. This will aid in determining the length of 
the pumping test. 

Groundwater samples will be collected from the pumping wells near the end of the test and analyzed for 
total uranium, VOCs, and general chemistry (anion and cations). The TAL and container/preservation 
requirements can be found in DQO 2 in Attachment F-2 of this document. 

3.3.7 Water Level Recovery Measurements 

The water level recovery measurements will begin simultaneously with pump shutdown. The monitoring 
of rising water levels will be performed in the same manner as performed during pumping. 
Measurements will be recorded according to the same schedule as the constant rate test (Table 3-10) until 
required recovery is achieved. At least one piezometer or the'test well will be equipped with an 
independent water level measurement system to assure that early time recovery data is not lost. 
Measurements will continue for approximately 24 hours or until three successive water level 
measurements at l-hour intervals show less than 0.1-foot difference in recovery at the test well (U.S. 
Department of the Interior 1981). 

3.4 Data Analysis 

Based on the observed response of the water levels, appropriate analytical techniques will be selected to 
calculate the hydraulic properties of the saturated sand zone. The screen of each test well and five of the 
six offsetting piezometers have been specified to cover at least 85 percent of the saturated sand zone. 
With this screen coverage, the well and piezometers are defined as fully penetrating the test zone (Todd 
1980). For the step drawdown test, methods based on Jacobs' equations (walton 1987) will be used. 
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Table 3-10 - Measurement Intervals for Piezometers and Observation Wells 

Time Since Start of Pumping Approximate Time Intervals 

Primary Observation Wells and Piezometers (Connected to Data Logger) 

0 - 10 Seconds 

10 - 20 Seconds 

20 - 120 Seconds 

2 - 10 Minutes 

10 - 100 Minutes 

100 - 1,000 Minutes 

1,000 - 10,000 Minutes 

10,000 Minutes - Shutdown of the Pump 

0.5 Seconds 

1 Second 

5 Seconds 

30 Seconds 

2 Minutes 

10 Minutes 

100 Minutes 

500 Minutes 

.. . 

Secondary Observation Wells and Piezometers 

0 - 24 Hours 

24 Hours - Shutdown of Pump 

2 Times per Day 

1 Time per Day 
..1 
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Methods of test analysis will depend on screen interval as well as hydrologic conditions. Methods based 
on Neuman, Theis, Cooper-Jacob, and Hantush will most likely be used to calculate hydraulic 
conductivity (K) and storativity (S). All of these methods are explained in Kruseman and Ridder (1990). 
Other methods of analysis will be used where appropriate. The computer software package, Aqtesolv" 
(Duffleld and Rumbaugh 1991) will be used where applicable. 

Where data allows, the Hantush-Jacob method will be used for estimating the vertical hydraulic 
conductivity (K') of the overlying aquitard (Kruseman and deRidder 1990). Vertical groundwater 
movement will also be evaluated in accordance with methods developed by Neuman and Witherspoon 
(Javandel 1984). Depending on well response, several other methods of analysis may be applicable for 
calculating K, S, and K'. 
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LYSIMETER INSTALLATION 
I 

4.1 Specific Objectives 

Six borings will be advanced into two separate mnes of the GTNZ. One deep-sampling lysimeter will 
be placed in each boring. The six borings will be drilled as clusters with two lysimeters to each cluster. 
One lysimeter in each cluster will be used for sampling pore moisture in the lower clay at the base of the 
glacial overburden. The other will be used for sampling the unsaturated sand and gravel above the water 
table of the GMA. . .  . . .  . . .  - . _  

The lysimeters will be sampled to determine the extent of saturation of the lower clay layer at the base 
of the overburden and also the GMA. Any samples recovered from the lower clay or the GMA will be 
analyzed for general chemistry (anions and cations) and total uranium. 

4.2 Boring and Lysimeter Placement 

The six lysimeter borings will be located as seen in Figure 4-1. Each cluster will be drilled in distinctly 
separate areas of the site (designated A, B, and C). The FERMCO SCDM will provide the necessary 
penetration permits for these borings. 

4.3 Lysimeter Field 

4.3.1 Borina Methods 

The borings will be drilled under the 
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policies and.guidelines provided in the SCQ. Procedures pertaining 27 

to drilling and abandonment activities are referenced to the SCQ in Table 4-1. 

Tables 4-2 and 4-3 provide details of the borings that will be drilled in Areas A, B, and C. The lysimeter 
borings will be advanced by cable tool methods to the top of their respective test zones. 

For lysimeter placed in the clay layer at the base of the overburden, an 8-inch hole will be advanced by 
cable tools to the top of this clay layer. The casing will be cemented in place to prevent migration of 
any uphole formation waters down into the lower clay. A 6-inch boring will be telescoped by 6-inch dry 
hollow stem auger or dry core methods. The telescoped boring will be drilled approximately 5 feet into 
the lower clay. Once the telescope boring is completed, a lysimeter will be installed in accordance with 
methods described in Section 4.3.2. 
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Table 4-1 - Lysimeter Installation Procedures 

4333 

I 

PROCEDURE REFERENCE 

Administrative Procedures FEMP SCQ (1992) Section New Procedure 
Attachment 

1 

Chain-o f-Custody 7.1 

Corrective Action 15.2 

Daily Logs 5.1 and Appendix J.4.1 

Variances 15.4 

i 

2 

3 

4 

6 

7 

8 

Field Procedures 9 

General Drilling Practices 5.2.1 and ADvendix J.4.2 10 

Subsurface Sampling Appendix K.5.3 

Lysimeter 5.2.2 and Appendix J.4.3 c-4 

Design, Installation, and Abandonment *EM-GW-004 

Field Screening of Samples for Radioactive 
Contamination 

Appendix K.5.3.2 

12 

13 

14 

15 

Decontamination Appendix K. 1 1  

Field Storage and Shipment of Samples Appendix K. 10 

Laboratory Test Procedures 

16 

17 

18 
~ ~~ ~~ ~ 

Grain Sue  Analysis 
Hydrometer Analysis 
Permeability Testing 
Atterberg Limits 
Moisture Content 
Void Ratio 
Porosity 
Lab Density and Specific Gravity 

Attachment I, Volume V 
Attachment I, Volume V 

Attachment I, Volume V 
Attachment I, Volume V 
Attachment I, Volume V 
Attachment I, Volume V 
Attachment I. Volume V 

c-3 

19 

20 

21 

n 
23 

24 

25 

26 

Total Uranium Attachment I, Volume V 

Volatiles 
General Chemistry 

Attachment I, Volume V 
Attachment I, Volume V 

* Well and boring abandonment will also follow this procedure listed in the W M C O  
Environmental Monitoring Procedures Manual, Rev. 28 (June 16, 1992). 
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31 

32 
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For lysimeter placed in the GMA, a 10-inch hole will be advanced by cable tool methods approximately 
5 feet into the lower clay at the base of the overburden. The casing will be cemented in place to prevent 
migration of any uphole formation waters down into the lower clay. An 8-inch OD boring will be 
telescoped by dry core and/or dry hollow stem auger methods. 

The telescoped boring will be augered or cored through the clay and hollow stem augered no more than 
10 feet into the unsaturated portion of the GMA. A lysimeter will be placed in the unsaturated portion 
of the GMA. 

General drilling practices will be in accordance with the SCQ. Tables 4-2 and 4-3 show the approximate 
depth of each boring; however, the geologist-in-charge in concurrence with the PARSONS field 
representative will be responsible for selecting the total depth for each boring. 

In the deepest boring of each couplet, continuous split spoon samples will be recovered from the surface 
to the base of the boring. Two undisturbed samples using Shelby Tube methods will be collected from 
the lower clay. Dennison sampling will not be attempted. The undisturbed samples will be sent to a 
geotechnical lab and analyzed for grain size with hydrometer analysis, moisture content, porosity, void 
ratio, Atterberg limits, lab density, specific gravity, constant head permeability (triaxial cell with back 
pressure), visual descriptions, and USCS classifications. Continuous split spoon sampling and 
undisturbed sampling will be conducted in accordance with SCQ requirements and archived as directed 
by the FERMCO SCDM. The split-spoon.samples will be analyzed for grain size and USCS 
classification with visual descriptions by the geotechnical lab. Samples will be selected by the geologist- 
incharge in concurrence with PARSONS. A lithologic log will be generated for each boring in 
accordance with Appendix J.4.1.2 and Appendix B, Form J-1 of the SCQ. For comparison purposes, 
Attachment A includes boring logs for wells and borings in the vicinity of the lysimeter borings. Sample 
container/preservation methods are presented in DQO 3 in Attachment F-3. 

4.3.2 Lvsimeter Installation 

A lysimeter will be installed in the lower clay of the glacial overburden and the GMA at each well 
piezometer cluster. The lysimeter (TIMCO“ Deep-Sampling Cup or equivalent) proposed is a 2-inch 
diameter vacuum/pressure soil pore water sampler as presented in Attachment (2-4. The lysimeter allows 
water to enter a micro-porous ceramic cup at the instrument’s base through capillary forces. The ceramic 
cup is attached to an 18-inch PVC cylindrical body with fulldepth riser and a PVC head. The head 
assembly attaches to the riser and connects sample and pressure ports to the lysimeter via 1/4-inch nylon 
tubing. The lengths of the nylon tubing extend from the lysimeter body through the riser head at the 
surface and are used for vacuum extraction and pressure sampling. The sample tube extends from the 
head through the lysimeter to a point just in contact with the inside base of the lysimeter. The vacuum 
extraction tube extends into the lysimeter to a point approximately 3 inches below the inside of the cap. 

\ 
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Each length of tubing will be clearly identified and attached to the proper fitting at the lysimeter head. 
Installation will be in accordance with manufacturer’s recommendations as shown in Attachment C-4. 
Applicable SCQ procedures for lysimeter installation are listed in Table 4-1 and can be found in 
Attachment C-4. 

In addition, the lysimeter and associated tubing will be decontaminated prior to installation in accordance 
with SCQ procedures used for well screens. After lysimeter and nylon tube decontamination, the ends 
of the tube will be clamped off at the d a c e  to avoid the inadvertent introduction of foreign material into 
the tubing. The lysimeter components will then be assembled and installed with a fulldepth, 2-inch PVC 
riser screwed on to the lysimeter body to house the nylon tubing. The tubing will be measured and cut 
to allow approximately 2 feet of stick-up at the surface. A 3- to 6-inch-thick slurry of silica flour and 

- distilled water will be tremied into the open borehole. The lysimeter and riser will be gently lowered into 
the boring and secured at the surface to prevent floating. 

Additional slurry will be placed 2 to 4 inches above the top of the ceramic tip of the lysimeter. At that 
point, 80/100 mesh sand will be poured to a minimum of 3-6 inches above the top of the lysimeter, 
followed by a column of Volclay grout to within 3 feet of the surface. This grout will be placed with 
a tremie line and will prohibit shallow water from draining into the lysimeter zone. The lysimeter head 
will then be connected to the tubing. 

4.4 Lysimeter Sampling and Analysis 

Sample recovery from the lysimeter will be in accordance with manufacturer’s instructions and general 
SCQ protocol. After satisfactory installation of each lysimeter, a vacuum hand pump will be attached 
to the pressure port of the lysimeter and used to lift the sample into the holding chamber of the lysimeter. 
Pressure should be gently increased until 9 psi is achieved to lift the sample into the holding chamber 
of the Deep-Sampling Lysimeter. CAUTION! If 9 psi is applied instantly, it is possible to damage the 
silica flour pack resulting in a lysimeter system failure. 

I. t. 

Finally, apply the correct amount of pressure required to lift the sample to the surface and into the 
collection container. A pressure of 0.44 psi is required per foot of depth. In the event a shallow- 
sampling lysimeter is required, sampling will be performed in accordance with the manufacturer’s 
instructions. 

If the formation will yield water to the lysimeter, enough water will be collected to satisfy the 
requirements of total uranium, and aniodcation analysis. TALs and sample container preservation 
methods are provided in DQO 2 in Attachment F-2. All samples will be handled, documented, shipped, 
and validated according to SCQ procedures. Results will be made available to PARSONS for 
incorporation in the investigations report. 
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SECTION 5 

PACKER TESTS 
\ 

5.1 Specific Objectives 

Packer tests are performed to estimate the hydraulic conductivity of the fine silts and clays of the glacial 
till in the GT/VZ. Data from these tests will be used to provide a vertical profile of horizontal hydraulic 
conductivity. Up to 15 packer tests are planned in two borings and three wells. As the lithology of the 
glacial till changes during the two boring operations, a series of 5-foot intervals will be tested by constant 
head pressure test methods. The borings will be advanced until the next clay unit is encountered, and 
another 5-foot interval will be tested. The borings will continue to be advanced and tested in this manner 
from the surface to the lower clay of the glacial overburden. One undisturbed soil sample (Shelby or 
Dennison) will be recovered for geotechnical laboratory analysis as each test zone is identified. Sand 
units or units where the hole will not stand open in the glacial till will not be tested; however, split spoon 
samples will be collected for grain size analysis. The unsaturated sands of the GMA will not be 
penetrated. 

The test wells installed for the pumping tests will also use the packer test procedure described herein, but 
only for the lower clay zone that lies above the unsaturated sand of the GMA. Again, the GMA will not 
be penetrated. The constant head pump-in pressure test method will also be used for the wells. 

5.2 Boring and Piezometer Placement 

The two borings and three wells for the packer tests will be located as seen in Figure 5-1. Each boring 
will be drilled in distinctly separate areas of the site (designated N and S). The test wells in areas W, 
X, and Y (as described in Section 3.2) have been selected for packer tests of the lower clay at the base 
of the glacial overburden. The FERMCO Site Characterization group will secure the necessary 
penetration permits for these borings. 

5.2.1 Borinq Methods 

The borings will be installed under the policies and guidelines provided in the SCQ. 
pertaining to drilling and abandonment activities are referenced to the SCQ in Table 5-1. 

Procedures 

Table 5-2 provides details of the borings to be drilled in area N and area S. The borings will be 
advanced by spin casing methods using the FEMP’s potable water; however, water will not be 
recirculated through pits. Only fresh potable water will be used to circulate in while drilling. General 
drilling practices will be in accordance with the SCQ. Each boring will be drilled to the base of the 
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Table 5-1 - Soil Boring Installation and Abandonment Procedures 

PROCEDURE REFERENCE 

Administrative Procedures 4 FEMP SCQ (1992) New Procedure 
Section Attachment 

Chain-of-Custodv 7.1 5 

Corrective Action 15.2 6 

Daily Logs 5.1 and Appendix 5.4.1 7 

Variances 15.4 8 

Field Procedures 

General Drilling Practices 5.2.1 and Appendix 5.4.2 

9 

10 

Subsurface Sampling Appendix K.5.3 11 

Soil Boring 5.2.2 and Appendix J.4.3 12 

Design, Installation, and Abandonment *EM-GW-004 13 

Field Screening of Samples for Radioactive Appendix K.5.3.2 14 
Contamination 15 

Decontamination ADDendix K. 11 16 

Field Storage and Shipment of Samples 

Laboratory Test Procedures 

Grain Size Analysis Attachment I, Volume V 
Hydrometer Analysis Attachment I, Volume V 

Atterberg Limits Attachment I, Volume V 
Moisture Content Attachment I, Volume V 
Void Ratio Attachment I, Volume V 
Porosity Attachment I, Volume V 
Lab Density and Specific Gravity Attachment I, Volume V 

Volatiles Attachment I, Volume V 
Total Uranium Attachment I, Volume V 
Anions and Cations Attachment I, Volume V 

Appendix K. 10 

Permeability Testing c-3 

17 

18 

19 
20 
21 
22 
23 
24 
25 
26 

27 
28 
29 
30 
31 

* Well abandonment will also follow this procedure listed in the WEMCO Environmental 32 
33 
34 
35 

Monitoring Procedures Manual, Rev. 28 (June 16, 1992). 
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I 

glacial till, but will not penetrate the GMA. The approximate depth of each test boring is shown in Table 
5-2; however, the geologist-incharge in concurrence with the PARSONS field representative will be 
responsible for selecting the total depth and packer intervakfor each boring. 

In both borings continuous split spoon samples will be recovered from the surface to the top of the lower 

tube) sample will be recovered as soon as each test unit is identified. Packer tests will be performed over 

Representative will be present when the split spoon and undisturbed samples are recovered. Sample 
containedpreservation requirements are presented in DQO 3 in Attachment F-3. 

I 

2 

3 

4 

5 

6 

7 

8 

9 

10 

I 1  

clay unit at the base of the glacial overburden; however, an undisturbed (Shelby or, if required, Dennison 

each 5-foot borehole interval and then each boring will be sampled to total depth. The PARSONS Field 

All aspects of borehole advancement and sampling--spin casing, Shelby tubes, Dennison tubes, and split 12 

spoons--will be conducted in accordance with Appendix J.4.1.2 and Appendix B, Form J-1 of the SCQ. 13 

For comparison purposes, boring logs for wells and borings in the vicinity of the packer tests are 14 I 

enclosed in Attachment A. Grain size (sieve) analysis and USCS classification will be performed for each 15 

borehole on selected split spoon samples from different lithologic units. The FERMCO geologist-in- 16 

charge in concurrence with the PARSONS field representative will be responsible for selection of these 17 

samples. 18 

19 

Shelby tube/Dennison tube samples will be analyzed for the following geotechnical parameters: 20 

21 

1) Grain size (sieve) analysis with hydrometer 22 

2) Moisture content 23 

3) Soil density 
4) Atterberg limits 

5) 
6) Specific gravity 
7) Void ratio . 

8) Porosity 
9) USCS classification 

Constant Head Permeability Tests (triaxial cell with back pressure) 

This information will be used to calculate the degree of saturation by NAVFAC DM7.01, 1986. 

Borings will be abandoned with volclay grout to within 12 inches of the surface. After settling, a cement 
plug will be placed over the grout to the surface. 
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Packer Tests in Wells 

The wells for the packer tests will be installed as defined in Section 3.2.1 of this document. Wells 
WTW-1, XTW-1, and YTW-1 will be used for the packer tests. As discussed above, only the lowermost 
clay at the base of the glacial overburden will be packer tested. 

5.3 Packer Test Design and Field Implementation 

The packer tests are based on the following procedures: U.S. Department of the Interior (1990 and 
1981), ASTM (1986), and US EPA (1986). These procedures can be found in Attachment C. Table 5-3 
lists SCQ procedures applicable to testing. Constant head pressure injection tests will be performed 
across a 5-foot section of hole that will be isolated by a packer. If the formation exhibits very low 
permeability conditions that will not allow the performance of a constant .head test, a pressure pulse 
method (Bredehoeft and Papadopulos 1980) for tight formations will be employed (Attachment C-7). 
Equipment that will be required to perform the packer tests is listed specifically in Attachment B-4, and 
is generally as follows: 

Set of inflatable packers capable of inflating to the anticipated diameter of the borehole 

Drilling rig and crew to install and retrieve the packers 

Nitrogen source for packer inflation 

Sufficient supply of potable/de-ionized water for injection into the formation 

Pump, flow, and pressure meters, valves and fittings for injection and control of water into the 
formation 

Stopwatches and digital wrist watches capable of being synchronized within 1 second for each 
member of the packer test team 

Health and safety equipment and clothing 

Indelible pens and/or pencils 

Field notebook and water level recording forms 

ERAFS l\VOLl :RSAPPS\RSDATA\ 
OU-S\PO-37\GTIP.DOC 5-6 Rev. No.: 0 

I 

1 1 
2 

3 

4 

6 5~ 

7 

9 

10 
1 

11 ' 
12 

13 

14 

15 

1 
16 1 
17 

18 , 

19 

m 

21 

22 I 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

* . . * 6.8 '. 



4333  
Table 5-3 - Packer Test Procedures 1 '  

2 

PROCEDURE REFERENCE 3 

Administrative Procedures FEMP SCQ (1992) 
Section 

New Procedure 
Attachment / 4  

Corrective Action 15.2 5 

Daily Logs 5.1 and Appendix J.4.1 6 

Variances 15.4 7 

Field Procedures 8 

Calibration of Flow Meters and Pressure 1.2.2 9 

Gauges 10 

Aquifer Permeability Testing J.4.6 I1 

Decontamination Appendix K. 1 1  12 
~~ 

Packer Testing C-6 13 

Pressure Pulse Testing c-7 

Packer Test Forms E-3, 4, and 5 

* Well abandonment will also follow this procedure listed in the WMCO Environmental 
Monitoring Procedures Manual, Rev. 28 (June 16, 1992). 
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5.3.1 Selection of Test Interval 

5.3.1.1 Borings 

Beginning at the ground surface, continuous split spoon samples will be collected. The split spoon 
samples will be used to identify the presence of a 5-foot length homogeneous lithologic section. A 6-inch 
ID (6-5/8" OD) rotary casing with a saw tooth bit will be advanced behind the split spoon intervals. 
When the 5-foot section has been identified, the rotary casing will be withdrawn from the interval so that 
the base of the casing is no more than 1 foot above the open 5-foot zone. After the zone is packed off 
and tested, the packer will be removed, and the split spoons and rotary casing will be advanced until a 
change in lithology is encountered and a subsequent homogeneous 5-fOOt lithologic section is encountered. 
The casing will be retrieved and the interval will be tested as previously described. This process will 
continue until the lower clay unit at the base of the overburden is identified, at which time a Shelby tube 
or Dennison tube sample will be collected, and the clay will be subsequently packer tested. 

\ 

Potable water will be pumped into the rotary casing in order to flush the drill cuttings to the surface. 
Cuttings will be circulated up between the outside of the casing and the borehole wall. The cuttings will 
be allowed to settle in a steel pit and removed from the pit in accordance with disposal procedures defined 
in the SCQ. 

To reduce the production of mud and to reduce any possible effects of water invasion on the samples, 
the introduction of water during the drilling process will be kept to a minimum. Any water that is added 
to the borehole during the boring process or during the packer testing process will be from the FEMP 
plant potable water system. A chemical sample of such water will be collected from each tank that is 
used during the drilling or packer testing procedures. Each sample will be analyzed for VOCs and total 
uranium. The TAL and sample containedpreservation requirements are shown at the end of DQO 2 in 
Attachment F-2. 

5.3.1.2 Test Wells 

As discussed above, Test Wells WTW l-C, XTW-IC, and YTW-1C will be advanced to the top of the 
lower clay zone and the upper 5 feet of the clay will be bored with Shelby tubes or Dennison samplers. 
Packer tests will be performed on these 5-foot clay intervals. 

5.3.2 Settina the Packer 

Prior to setting the packer, the test zone will be cleaned with a brush and the cuttings allowed to fall to 
the bottom of the hole. If the borehole is saturated, some limited bailing of drill cuttings will be 
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4 3 3 3  
conducted to clean the hole; if it is dry, a single packer and pressure transducer will be inserted through 
the 6-inch ID rotary casing, and the packer will expand against the wall of the augured hole and provide 
a seal capable of withstanding the downhole differential pressure (the hydrostatic pressure that will be 
created in the test cavity by the constant head t&t and the hydrostatic pressure created by water in the 
borehole above the packer). Attachment C-6 provides a description of the transducer and packer system. 

A sufficient number of packers with various diameters will be required to seal the 6-98-inch OD rotary 
casing borehole or the 5-5/8-inch OD Dennison tube borehole. If a 3-inch Shelby tube is collected, then 
an appropriate packer size will be used. It is anticipated that a single packer will be used to seal the 
borehole; however, sufficient equipment will be on site to provide for a double or straddle packer 
arrangement if required. 

A pneumatic or electric pressure transducer of sufficient capacity to withstand pump-in pressure of up 
to 50 psi will be inserted through the packer to monitor the horizon being tested. The transducer and 
cable will be set with the packer system. If a pneumatic transducer is used, it will be connected to a 
nitrogen source and readout box (Attachment C-6). If an electronic transducer is used, it will be 
c o ~ e ~ t e d  to a data logger. 

- _ _  - - 

If. any water is present in the borehole, sufficient time will be allowed to permit the water level in the 
borehole to re-establish its level prior to the introduction of the packer system. The depth to water in 
the borehole will be measured and converted to units of psi, which will be used to calculate the inflation 
gressure for the packer. In order to monitor any interaction between the waste pit and the intervals being 
packer tested in Boring N-1, electronic 'pressure transducers will be placed in selected piezometers that 
are located in any of the covered pit areas. 

Electronic pressure transducers and data loggers will monitor the water levels in any piezometers within 
the W, X, and Y areas. 

Prior to starting the test, calibration of the packer test equipment and water flow meters will be 
conducted. Verification of the proper operation of the electronic transducers and data logger will also 
be accomplished. The PARSONS Field Representative will be present during equipment calibration. 

5.3.3 Constant Head PumD-In Packer Test 

The test will start after the packers have been inflated to the required pressure from a cylinder of 
compressed nitrogen. 

The maximum water injection pressure to be maintained during the test will be established based on site- 
specific conditions. Due to the shallow depth of the horizon being tested and the unconsolidated matrix 
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1 of the borehole, the maximum pressure to be injected will not exceed 0.5 psi/foot of depth to the top of 
the packer. 

Three flow rates will be introduced into each zone up to the maximum pressure described in the 
preceding paragraph. If the packer zone is above the water table, then water will be added at a constant 
pressure until the flow rate stabilizes, at which time the flow will be measured over a 5-minute intervals 
with pressure and flow measured every minute. If the packer zone is below the water table, the time for 
stability may' be less. Once stabilization has been achieved for a minimum of 5 minutes, the pump 
pressure will be increased to a mid-range between the initial and maximum pressure, allowed to stabilize, 
and measured for 5-minutes with measurements recorded every minute. After stabilization has been 
achieved at the intermediate pump-in pressure for a minimum of 5 minutes, the pump-in pressure will 
be increased to the maximum allowable and a 5-minute flow period will be measured at I-minute 
intervals. The pump will then be shut off and back pressure and holding pressure decay recorded. Flow 
pressures and back pressures will be recorded on forms shown in Attachments E-3, -4, and -5. This 
procedure is to be followed for each successive interval that is to be tested within the borehole. 

5.3.4 Pressure Pulse Packer Test 

In the event that packer test intervals will not respond to the constant rate test, a pump-in pressure pulse 
method will be used for determining the hydraulic properties of the borehole. This method is described 
in ASTM 4631-86 and is included in Attachment C-7. This method can be applied to soil as well as 
rock. The technique will employ the same equipment as the constant rate packer test. 

The test is conducted by rapidly pressurizing the packed interval. The pump is then quickly shut off, and 
the pressure decay recorded over time. Note that the maximum pressure should not exceed 0.5 psi/foot 
of overburden. 

5.4 Data Analysis 

For the constant head pressure injection test, hydraulic conductivity can be calculated from the equation: 

or 

where 
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K = hydraulic conductivity (cm/s) . 

q 
L 
H 
r 

= constant rate of flow into the test interval (cm’/s) 
= length of the test interval (cm) 
= differential head of water at test interval (cm) 
= radius of borehole (cm) 

Reference: Bureau of Reclamation (1990). 

For the pressure pulse test, the Brederhoeft-Papadopulos (1980) method will be used to analyze the decay 
curve measurements. The relationship of head change to total head is given by the equation HIH, = 

F(a,B). 

where 

. .  ..  . .  - . . . . . . .. - . . .  

r = radius of the tested interval (cm) 
S = Storativity (dimensionless) 
T = Transmissivity of the tested interval (cm2/sec) 
t = time elapsed since pressurization (sec) 
VW = Volume of water within the pressurized section of the system (cm’) 
C, = Compressibility of water (cm) (sec’?)/gm 
PW = density of water (gm/cm’) 
g = gravitational acceleration (cdsec2) 

A family of type curves will be prepared showing the variation of F(cr,P) against /3 with a as a running 
parameter. For a detailed explanation of these parameters, see Attachment C. 

The observed values of H,,/H will be plotted on the y-axis of semi-log paper, and time (t) will be plotted 
on the x-axis. The plot of H/H, versus t will be matched with the type curves of F(a,P) versus a/3 to 
obtain values for a, derive 8, and calculate the transmissivity and storativity: 

ERAFSI\VOLI :RSAPPSWDATA\ 
OU-S\PO-3’AGTIP.DOC 

. .  . . .  
.. . 

5-1 1 Rev. No.: 0 

i. 
a * , .  

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12- 

13 

14 

15 

16 

17 

18 

19 

m 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 



SECTION 6 

YIELD TESTS 

6.1 Specific Objectives 

Short-term yield tests will be performed in Monitoring Wells or Piezometers 1077 (waste pit area), 1340 
(northwest of the boiler plant), 1275 (north of the old drum bailing area), and 1785 in the Plant 2/3 area. 
Yield tests will be performed in a manner similar to a step drawdown test. The wells defined above will 
be pumped and water levels will be monitored over a maximum period of 8 hours. Each step will be 
determined in the field. Other monitoring wells and piezometers surrounding the pumped wells will be 
monitored for water level changes during the course of the test. Water levels will also be monitored in 
all of the wells over the course of the recovery period when the pumps are shut down. Data will be used 
to calculate hydraulic conductivity and make interpretations of the hydraulic connection between the 
various sand units beneath the production area and waste pits. 

4 3 3 3  

In addition to the three short-term yield tests, a long-term 48- to 72-hour yield test will be performed on 
Monitoring Well 1785. The long-term yield test will.be performed in a manner similar to the constant 
rate pumping tests described in Subsection 3.3.5. Other wells and piezometers in the vicinity of Well 
1785 will be used as observation wells. Data will be used to calculate hydraulic conductivity and 
storativity in the upper sand below the Plant 2/3 area. The data will be used to estimate the proper 
distance requirements between test wells and observation wells in the pumping tests described in 
Section 3. 

6.2 Well Locations 

The four wells that will be pumped and the associated wells that will be used as observation wells are 
shown on Figure 6-1 and listed in Table 6-1. Well selections are based on the methods discussed in 
Section 1.2. Well completion and lithologic logs for each of the test wells are included in Attachment A. 

6.3 Yield Test Field Implementation 

The yield tests will be performed under the policies and guidelines provided in the SCQ. Procedures 
pertaining to yield testing activities are referenced to the SCQ in Table 6-2. 
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Well ID 

1339 (test well) 

Table 6-1 - Yield Test Wells and Piezometers 

Radius from Pumped Well State Coordinates 

N48 1650E 1 380500 

1055 

1336 

235 

3 12 

N48 1 500E 13 80720 

N48 1 800E 13 80720 

1340 I 230 I N481625E1380720 

1343 

1342 

1338 I 225 I N481625E1380250 

267 N481150E1380500 

350 N48 1 150E 13 80250 

1344 

1077 (test well) 

337 N48 1 150E 1380720 

N48 1435E 1378800 

I N48 1470E 1378750 I 66 1076 

1279 

1785 (test well) 

1230 

1030 I 233 I N48 1250E 1378970 

~~ ~ 

237 N48 1875E1381340 

N480340E 1380220 

200 N480300E 13 80030 

1274 (test well) I I N482060E 1 3 8 1470 

1273 I 225 I N482060E 13 8 1250 

1277 I 200 I N48 1970E 13 8 1500 

1088 I 225 1 N482000E 138 1650 

I N480250E 13801 55 I 62 123 1 

1233 I 25 I N480250E 1380220 

1234 I 75 I N480200E 1380220 

I N480250E 1380350 I 144 1235 
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Table 6-2 - Yield Test Procedures 1 

PROCEDURE REFERENCE 

Administrative Procedures 
FEMP SCQ (1m) 
Section 

New Procedure 
Attachment 

Corrective Action 15.2 

3 

4~ 

5 

Daily Logs 

Variances 15.4 

5.1 and Appendix J.4.1 6 

7 

Field Procedures 

Ground Water Level Measurement Appendix K.4.2.1 

8 

9 

Water Level Measurements - Metal Tape c-5 

Water Level Measurement Form E-2 

10 

11 

Aquifer/Permeability Testing 

Decontamination Appendix K. 1 1 

5.2.5 and Appendix 5.4.6 12 

13 

Field Calibration Requirements Appendix I 

Verification of Well Sensitivity 

14 

15 

Field Test: 
Temperature 

PH 
Specific Conductance 
Dissolved Oxygen 

Appendix K, Subsection K.4.1.1 
Appendix K, Subsection K.4.1.2 
Appendix K, Subsection K.4.1.3 
Appendix K, Subsection K.4.1.4 
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6.3.1 Reauired Personnel 

During the actual performance of the yield test, the following personnel will be required at various times 
on site: 

1) FERMCO SCDM Task Manager: Responsible for overall coordination of the project 

2) FERMCO SCDM Lead Yield Test Specialist (geologist-incharge): Responsible for test setup 
and procedures 

3) FERMCO SCDM Technicians: Responsible for data collection, well measurements, pump 
installation and operation, piping hookups, routing and operation of discharge lines, pressure 
transducer installation and operation of data logger, and groundwater sampling 

4) FERMCO CRU 5 Health and Safety: Responsible for directing personnel and equipment across 
controlled access areas 

PARSONS Field Representative: Available to the FERMCO geologist-incharge for consultation 
and assistance during the implementation of each yield test according to work plan specifications 

5 )  

The Lead Yield Test Specialist shall possess the necessary skills to perform as well as direct the activities 
of the technicians. Participants shall be able to address contingencies competently and efficiently so that 
time and data are not lost. 

6.3.2 SetuD and Procedure 

6.3.2.1 Short-Term Yield Tests 

Each short- and long-term yield test well will be pumped at three successively higher rates. Beginning 
with 1 gpm, additional rates will be set based on the observed response of the test well and observation 
wells. Each step will have a duration of 1 hour (longer if the water level in the pumping well has not 
stabilized; shorter if the well runs dry). During each step period, flow will be maintained at + or - 5 
percent (within the tolerance interval suggested by Stallman, [1971]) of the designated rate by means of 
a throttling device or other flow control method. 

Water levels will be measured in the test well and primary observation wells will be recorded with 
pressure transducers linked to a data logger. The data logger will be set to record water levels at the time 
intervals defined in Table 3-10. Water levels will also be monitored periodically using electrical water 
level indicators and/or steel measuring tapes so that data logger readings can be cross checked. Tables 
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6-3 through 6-6 list all the wells and piezometers to be used for observation purposes during the test and 
the method of water level measurement. For the yield test at Monitoring Well 1077, two wells (1775 
and 1765) will be monitored in the waste pits to ensure drawdown-is not occurring. If drawdown is 
noticed, the yield test will be immediately terminated. 

Water level measurements will be recorded on a form similar to that shown in Attachment E-2. Water 
levels will be measured relative to the top of the well casing reference point. Installation, calibration, 
and use of the data logger and pressure transducer system will be performed by the FERMCO geologist- 
incharge. PARSONS will be available to assist the FERMCO personnel during calibration and 
installation of equipment. 

6.3.2.2 Long-Term Yield Test 

The long-term yield test will be conducted in the same manner as a pumping test. After a pumping rate 
is selected from the step test, Well 1785 will be adjusted to flow at a specified rate for a period of 48 to 
72 hours. Water levels will be measured with pressure transducers and electrical water level indicators 
and/or steel tapes as shown in Table 6-6. 

During the long-term yield test, flow will be maintained at + or -5 percent of the designated rate by 
means of a throttling device or other flow control method. Discharge will be checked and adjusted as 
necessary every 10 minutes during the first hour of pumping and at 30 minute intervals thereafter. The 
flow rate will be recorded every minute for the first 10 minutes of the test, every 5 minutes for the next 
3 hours, and then every 15 minutes thereafter. The flow meter will be calibration checked before and 
during the test with a 5-gallon bucket and stop watch. 

Water level measurements will be recorded on a form similar to that shown in Attachment E-2. Water 
levels will be measured relative to the top of the casing. As described above, PARSONS will be present 
during the installation and calibration of the data logger and transducer. 

6.3.3 Water Level Recovery Measurements 

The water level recovery measurements will begin simultaneously with pump shutdown. The monitoring 
of rising water levels will be performed in the same manner as performed during pumping. Water level 
measurements will be measured at the time intervals defined in Table 3-10. 

Measurements will continue for approximately 8 hours for short-term yield tests and 24 hours for long- 
term yield tests or until three successive water level measurements at 1-hour intervals show less than 0.1- 
foot difference in recovery at the test well (U.S. Department of the Interior 1981). 
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Table 6-3 - Measurement of Wells and Piezometers for Yield Tests in the Waste Pit Area 

1076 

1030 

4 3 3 3  

Pressure Transducer Connected to the same Electronic Data Logger 
that is used for Well 1077 

Pressure Transducer and Electronic 2-Channel Hermit Data Logger 

Method of Measurement I Well ID 

~ 

1775 

1765 

1077 (PW) I Pressure Transducer and Electronic 2-Channel Hermit Data Logger 

~~ ~ ~~~ ~ ~~ 

Pressure Transducer and Electronic 2-Channel Hermit Data Logger 

Pressure Transducer and Electronic 2-Channel Hermit Data Logger 

1055 

1336 

Pressure Transducer and Electronic 4-Channel Data Logger 

Electric Water Level Indicator 

Table 6-4 - Measurement of Wells and Piezometers for Yield Tests in Plant 1 Area 

1340 

1338 

Method of Measurement I Well ID 

Pressure Transducer and Electronic 2-Channel Hermit, Data Logger 

Pressure Transducer and Electronic 2-Channel Hermit, Data Logger 

1339 (PW) I Pressure Transducer and Electronic 4-Channel Data Logger 

1343 

1342 

Electric Water Level Indicator 

Electric Water Level Indicator . 

1344 Electric Water Level Indicator 
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Well ID 

1274 (PW) 

4333 

Method of Measurement 

Pressure Transducer and Electronic 4-Channel Data Logger 

Table 6-5 - Measurement of Wells and Piezometers for Yield Tests in Old Drum Bailing Area 

~ 

1277 

1273 

Pressure Transducer and Electronic 4-Channel Data Logger 

Pressure Transducer and Electronic 4-Channel Data Logger 
~ 

1088 

1279 

~~ ~ ~ 

Pressure Transducer and Electronic 4-Channel Data Logger 

Electric Water Level Indicator 

Table 6-6 - Measurement of Wells and Piezometers for Yield Tests in Plant 2/3 Area 

Well ID 

1785 (PW) 

Method of Measurement 

Pressure Transducer and Electronic CChannel Data Logger 

1233 

123 1 

Pressure Transducer Connected to Data Logger at Well 1785 

Pressure Transducer Connected to Data Logger at Well 1785 

~~ ~~ I Pressure Transducer and Electronic 2-Channel Hermit Data Logger 

1234 

1235 
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OU-S\W-37\GTIP.DOC 

Pressure Transducer Connected to Data Logger at Well 1785 

Pressure Transducer and Electronic 2-Channel Hermit Data Logger 
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I. 

I. . .. 

6.4 Data Analysis 

Based on the observed response of the water levels, appropriate analytical techniques will be selected to 
calculate the hydraulic properties of the saturated sand zone. Methods for partially screened intervals will 
be applied as necessary. For the short-term yield tests, methods based on Jacobs' equations (Walton 
1987) will be used. 

In the Plant 2/3 area, Well 1758 and the surrounding wells and piezometers are screened at different 
levels and in different units. Methods of test analysis will depend on screen intervals as well as 
hydrologic conditions. Methods based on the Neuman, Theis, Cooper-Jacob, and Hantush will most 
likely be used. If the well is partially penetrating and confined, the Hantush method will be used. All 
of these methods are explained in Kruseman and deRidder (1990). Other methods of analysis will be 
used where appropriate. The computer software package AQTESOLP (Duffield and Rumbaugh 1991) 
will be used where applicable. 

Where data allows, the Hantush-Jacob method will be used for estimating the vertical hydraulic 
conductivity (K') of the overlying aquitard (Kruseman and deRidder, 1990). Vertical groundwater 
movement will also be evaluated in accordance with methods developed by Neuman and Witherspoon 
(Javandel, 1984). Depending on well response, several other methods of analysis may be applicable for 
calculating K, S, and K'. 
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SECTION 7 

DATA REDUCTION AND REPORTING OF RESULTS 
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25 

26 

As mentioned in Subsection 1.4, PARSONS will be responsible for data reduction and reporting of 
results. The field work that will be performed under this work plan will provide data that will be used 
for developing a GTNZ computer model. Due to scheduling requirements for development of the 
computer model, field data will be immediately analyzed as it becomes available. The preliminary results 
will be forwarded to the computer modeling group for input into the GT/VZ model. As shown in Figure 
1-2, yield test and slug test analysis will provide the first data input for the computer model. Most of 
the preliminary data and analysis will be available as input to the computer model within 2 months of 
field work initiation. 

The laboratory(ies) performing the work will deliver the preliminary results (analytical and geotechnical) 
to FERMCO CRU-5 or SCDM, who will immediately provide PARSONS with a copy. PARSONS will 
use the preliminary lab results for further calculations or incorporate the data into the model and the final 
report where appropriate. All laboratory-generated data will be provided as an appendix to the final 
report. After all field data are obtained and analyzed, the final report will be prepared so that a concise 
and complete description of all field activities and the generated data will be available. The final report 
will describe the overall performance of each task and provide a complete summary of the data collected 
and the results of calculations and laboratory analysis. Tables, figures, and methods of calculations and 
laboratory testing will also be discussed. The final report will be divided into individual sections for each 
major activity. An overall summary of the data collected, analyses, and applicability of results will be 
provided at the end of the report. 
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SECTION 8 

HEALTH AND SAFETY 

Health and safety requirements for well drilling, soil investigations, pump testing, slug testing, installing 
lysimeters, packer testing, performing yield test, and groundwater sampling are provided in a project- 
specific health and safety plan (PSP) (PARSONS 1993). The PSP will be consistent with FERMCO’s 
Comprehensive Environmental Occupational Safety and Health Program, Rev. 0 (FERMCO 1993). 
FERMCO will provide the necessary work permits required by FEMP procedures. Also, FERMCO will 
provide the necessary health and safety supervision and radiation safety personnel to conduct this work 
safely. 

Subcontractor personnel shall have completed the necessary FEMP training and medical monitoring 
requirements prior to commencing project work. Training and medical monitoring requirements are 
defined by FERMCO. 

ERAFSI\VOLI :RSAPPS\RSDATA\ 
OU-S\PO-3nGTIP.DOC 8- 1 Rev. No.: 0 

43 4 

i 

2 

3 

4 

5 

6 

1 

8 

9 

IO 

11 

12 

13 

14 

15 

16 

17 



4 3 3 3  

SECTION-9 

QUALITY ASSURANCElQUALlTY CONTROL 

All work will be conducted in accordance with the requirements of the overall quality assurance program 
at the FEMP which is described in the SCQ. Drilling, sampling, well and piezometer installation, pump 
testing, slug testing, lysimeter installation, packer testing, and laboratory testing shall be assigned the 
proper analytical support level (ASL) by FERMCO. The SCQ provides guidelines for matching of 
quality program requirements to the ASLs. FERMCO will review specific quality items to verify that 
the quality requirements are adequate and consistent with the assigned ASL. Appendix J of the SCQ and 
specific procedures not covered in the SCQ are attached to this document (Attachment C). Data Quality 
Objectives (DQOs) are attached to this document (Attachment F) and it will be the responsibility of 
FERMCO CRU-5 to obtain DQO approval from SCQ management'. 
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WELL INSTALLATION AND SOIL SAMPLING RECORDS 
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KEY FOR LITHOLOGIC INFORMATION -.- 

Hand written visual classifications of soil were reviewed to identify stratigraphic distinctions. The field 
descriptions were converted to a code and entered into a data base. All cross sections were created using 
the data base with ERMA CIS. The following is an explanation of the codes used in the data base and 
shown on the cross sections. 

Each boring has a sequence of coded descriptions adjacent to the trace of the boring. Ticks on the boring 
trace mark lithologic changes. 

The first character, a letter, represents the field classification of moisture content - D=dry, 
M=moist, W=wet, X=not described 

0 The second character(s), a number, represents the USCS grain size classification of soil 
based on field descriptions of hand samples - see table below 

. The third character, a letter, represents the field description of color - B and D are 
sediments with brown hues, C and D are sediments with grey hues (see table below) 

0 The fourth character, a number, is an artifact of an attempt to enter correlations into the 
original data base structure - it should be ignored 

0 The bottom of each boring is marked by a designation for the termination of the boring: 

BOT/15 bottom of glacial overburden where it lies upon bedrock 

B OT/A bottom of glacial overburden where it lies upon S & G aquifer 

BOB bottom of boring 

BONA Base of Paddys Run alluvium where it rests upon the sand and 
gravel aquifer 

Examples of lithologic codes: 

MlB = moist clay (CL) with minor sand and/or gravel, brown 
W4A = wet sand (SM or SC) with appreciable fines, grey 
M3B = moist silt (ML), brown 
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USCS SOIL CLASSIFICATION 
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CL w/ trace to minor amounts of sand and gravel 8 CL fill 

CL 

ML 

SWSC 

SP/SW 

GC/GM 

GW/GP 

concrete/pavement 

CL w/ minor laminae of sand and/or gravel 

h4L w/ minor laminae of sand and/or gravel 

Waste material (e.g. flyash, waste pit contents, ...) 

Undescribed strata 

9 ML fill 

10 SWSC fill 

11 SP/SW fill 

12 GC/GM fill 

13 GW/GP fill 

15 Bedrock (limestone/shale) 

MUNSELL SOIL COLORS 

Grey equates to UnweatherecUunoxidized and brown equates to weatheredoxidized 

GREY Hue lOYR - all values of chroma /I (Ul to 811). and 6/2 
Hue 2.5Y - all values of chroma /O (N2/ to N84.612 and 7/2 
Hue 5Y - all values of chroma /1 (2.5/1 to 8/1), and six of the seven colors of 
chroma /2 ( 2 3 2  to 7/2) 

BROWN Hue lOYR - all colors of lOYR not listed as grey in the above 
Hue 2.5Y - all colors of 2.5Y not listed as grey in the above 
Hue 5Y - all colors of 5Y not listed 3s grey in the above 
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SILTS 
AND CLAYS 

LlOUlD LIMIT 
(GREATER l l i A N  SI 

INORGANIC CLAYS 
OF HIGH PLASTICITY. 

FAT CLAYS 
CH 

OH 
ORGANIC CLAYS 

OF MEDIUM TO HIGH PLASTICITY. 
ORGANIC SILTS 

HIGHLY 
ORGANIC 

SOILS 
PT 

- 
COARSE-GRAINED SOILS FINE-G RAI NED/H 

I 
; j  

. _. 
SHLY ORGANIC SOILS 

INORGANIC SILTS A N 0  VERY 
FINE SANOS. ROCK FLOUR. SILTY 

OR CLAYEY FINE SANDS 
OR CLAYEY SILTS WITH 

SLIGHT PLASTICITY 

INORGANIC CLAYS 
OF LOW TO MEOIUM PLASTICITY. 
GRAVELLY CLAYS. SANOY CLAYS. 

SILTY CLAYS. LEAN CLAYS 

WELLCRAOEO GRAVELS. 

L I T R E  OR NO FINES 
GRAVEL-SAND MIXTURES. GW 

CLEAN GRAVELS 
ILITTLE OR NO FINES1 

POORLY-GRAOEO GRAVELS. 

L m  OR NO FINES 
GRAVEL-SAND MIXTURES. 

SILTS 
AND CLAYS 

LlOUlD LIMIT 
ILESS -SI 
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I OL 

ORGANIC SILTS 
AN0 ORGANIC SILTY CLAYS 

OF LOW PLASTICITY 
SILTY GRAVELS. 
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WITH FINES 

CLAYEY GRAVELS 

(AF’PRECIABLE AMOUNT 
OF FINESI INORGANIC SILTS. 

MICACEOUS OR DIATOMACEOUS 
FINE SANOY 

OR SlLlY SOILS 

MH 

WELLCRAOEO SANOS 
GRAVELLY SANDS. 

LI’lTLE OR NO FINES 
CLEAN SANDS 

(LITTLE OR NO FINESI 

POORLYCRAOED SANDS. 
GRAVELLY SANDS. 

LITTLE OR NO FINES 
SP 

PEAT. 
HUMUS. 

SWAMP SOILS 
WITH HIGH ORGANIC CONTENTS 

SlLlY SANOS. 
SAND-SILT MIXTURES 

SANDS I I 
WITH FINES 

IAPPRECIABLE AMOUNT 
OF FINESI 

CIAYEY SANDS. 
SAND-CLAY MIXTURES 
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Material and Equipment List 
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B1 SLUG TESTS 

A) Slugs 

Solid, threaded PVC, of 1-inch and 2-inch OD sufficient to form the various lengths and 
diameters described in Subsection 2.3.2 of the work plan. An eyebolt or other method of 
attaching nylon cord to the slug is also required (see Figure A). Slug requirements are as 
follows: 

Description 

2-inch diameter solid PVC - 

cylinder threaded both ends 

Length 

6-inch 

Quantity 

3 

10 

11 

12 

2-inch diameter solid PVC 
cylinder threaded both ends 

12-inch 1 1  13 

14 

2-inch ID threaded end caps 
for 2-inch PVC cylinders 

1-inch 10 15 

16 

2-inch ID threaded couplings 
for 2-inch PVC cylinders 

2-inch 10 17 

18 

1-inch diameter solid PVC 
cy1 inder threaded both ends 

6-inch 6 19 

M 

1-inch diameter solid PVC 
cylinder threaded both ends 

12-inch 22 21 

22 

1-inch ID threaded couplings 
for 1-inch PVC cylinders 

2-inch 20 23. 

24 

1-inch ID threaded end caps 
for 1-inch PVC cylinders 

1 -inch 20 

2,000 feet of 3/16" or 1/4" nylon cord for lowering and retrieving slugs. 

B) Data Logger and Accessories: 
In Situ@ Hermit 2000, 4channel data loggers (or equivalent) 
In Situ@ Hermit lOOOC, 2channel data loggers (or equivalent) 
Field printers: (GFP-80) and (SE1004B) 
20 psi, PXD transducers 
50-foot transducer cable 
100-foot transducer cable . 

Quantity 30 

3 31 

1 33 

15 34 

' 8  35 

3 32 

7 36 

ERAFS l\VOLI :RSAPPS\RSDATA\ 
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Cable (s) for interfacing with data loggers, field printers, and 

Set of plans for chemical protection of transducer cables (PVC pipe) 
laptop computers 

C) Solinst (or equivalent) Electronic Water Level Measuring Tapes 
graduated in hundredths of a foot 

D) Stopwatches and Digital Wristwatches 

E) Visqueen (or equivalent) Clear Plastic Sheeting - Sufficient for 68 slug tests 

F) YSI/Grant 3800 Water Quality Monitor (or equivalent) 
Combined pH, DO, specific conductance, and temperature meter. 

Laptop Computer: 
Capable of interfacing with the Hermit 2000 and lOOOC 
data loggers (IBM compatible, 286 or higher). 

Apparatus for injecting slug of water into well (see Figure B) 
must be able to attach to either 2-inch or 4-inch well. 

Disposable PVC Bailers 

Personal Protective Equipment: 
Gloves, Boots, Tyvek, Respirators, Rain Gear 

I 
1 

Ouanti ty 
8 

Ouantity 
2 

Ouantity 
2 

Ouantity 
1 

Ouantitv 
1 

Quantity 
20 

(8) 5-gallon buckets, de-ionized water, decon tub, containers for purged water, "kim wipes," 
paper towels, wash bottles 

Purge pump (2" OD); Grundfos Redi-Flo-2 (or equivalent) 

ERAFSl\VOLl :RSAPPS\RSDATA\ 
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Ouantity 
1 

Rev. No.: 0 

i 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11  

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

n 

23 

24 

2.5 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

31 

38 

39 

40 



M) Small folding field table 

N) Miscellaneous items: Camera, tool box, flashlights, calculator, insect spray, field books, 
pens and pencils, well keys, pocket knife, field notebook. 

Ouantity I 

1 2 

3 
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APPENDIX J . 
FIELD ACTIVlTY METHODS 

J.l PURPOSE 

This appendix prescribes field methods for producing data in compliance with DOE and EPA 
requirements and meeting Data Quality Objectives (DQO) for FEMP. 

J.2 SCOPE 

General procedures for field activities are provided in subsection J.4 as follows. 

Daily Logs (paragraph J.4.1) 

0 

0 

0 Well Development (paragraph J.4.4) 

Geophysical Surveys (paragraph J.4.5) 

Aquifer/Permeability Testing (paragraph J.4.6) 

0 Well Maintenance (paragraph J.4.7) 

General Drilling Practices (paragraph J.4.2) 

Well Design, Installation, and Abandonment (paragraph J.4.3) 

Additional procedures may be provided in the Project-Specific Plans (PSPs) to provide 
detailed instructions applicable only to the specific project. 

5.3 RESPONSIBILITIES 

5.3.1 FEMP Project Manager 

The FEMP Project Manager shall be responsible for safe and prompt completion of project 
activities and for securing permits required by state, local, or on-site authorities: 
Underground and above-ground utilities shall be located and avoided to protect drilling 
operations personnel from danger. Copies of permits and other applicable documentation 
shall be posted on site whenever drilling operations are being conducted. 

.! I, .. 4.37 
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5.3.2 Geologist In Charge 

A qualified geologist, hydrogeologist, or geological engineer shall be responsible for on-site 
operations at each drilling rig and geophysical survey unit and for supervising personnel 
assigned to the activity. The geologist-incharge shall be present whenever a borehole is 
being advanced and during well development activities. 

The geologist-incharge shall be responsible for preparation of subsurface boring logs that 
shall be generated for each boring, for complete and accurate generation of a daily log of 
project activities, and for preparing lithologic logs in the field. 

5.4 PROCEDURES 

5.4.1 Daily Logs 

A daily log is a written record of activities and measurements conducted in the field by a 
team on a given date and may include daily field activity logs, boring logs, well-construction 
logs, media-specific sampling logs, photographs, and sketches. The log shall be in a bound 
book with printed, sequentially numbered pages or on sequentially numbered, printed daily 
log forms as specified by the PSP. 

5.4.1.1 Dailv LOP Entries. The geologist-in-charge is responsible for entries in the daily 
log, which shalI include the following information as applicable. 

Subject of field activity 

General work activity 

0 Unusual events 

0 Changes to plans and specifications 

0 Visitors on site 

0 Time, depth, and identification number of samples 

0 Chain-of-custody tracking number 

0 Surveillance observations and findings 

0 Calibration checks 
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. Subcontractor progress and specifications 

Communication with regulatory agencies or others 

0 Weather conditions 

J.4.1.2 LitholoPic be$. The geologist-in-charge is responsible for preparing lithologic 
logs in the field that provide the following information. 

0 Footage drilled 

. Materials penetrated 

Depth to significant changes in lithology 

4 3 3 3  

0 . I  

0 

Samples collected (identified by depth, sample number, and collection method) 

Qualitative degree of saturation of each sample 

0 Fluid losses 

Depth to saturated zones and potential confining beds 

Surface casing used and method of installation 

Zones of unusual pressure gradients 

An example of a lithologic log form is provided in Form J-1 in Appendix B. 

5.4.1.3 Tvaes of Field Activities. Daily entries in logs shall include, but not be limited 
to, the following types of field activities as applicable to the project. 

Footage drilled 

0 Materials used 

0 Samples collected 

Description of samples 

0 Bottom casing depth 

Sample collection start and completion times 

339 
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0 Surveys conducted 

0 Decontamination activities 

0 Well construction 

Aquifer testing 

Special activities 

0 Well installation activities 

0 # Unusual Occurrences. 

5.4.1.4 Daily Log Comuletion. The following procedures shall be performed. 

1. Record field measurements and comments on applicable forms and complete lines on 
the forms as applicable. If the information requested does nofapply or is not known, 
insert an "NA" (not applicable) or "NK" (not known) as appropriate. Do not leave a 
line blank. Initial and date each page. If part of a page is left blank, draw a line 
across the empty area. 

2. If steps or procedures were not performed as described in the PSP, state reason as 
completely as possible on form or submit an attachment if necessary to explain fully. 

Identify photographs with project number, date and time taken (using 24-hour time), 
and a brief description on the back. 

3. 

4. Place identified photographs in an album in easily retrievable fashion and file. 

NOTE 

Information in activity-specific logs shall not duplicate other 
required documentation but rather support it. 

5 .  As part of the daily log, generate activity-specific logs (e.g., subsurface boring logs, 
water sampling logs, sediment sampling logs) to document field conditions. 

5.4.1.5 Filinp ReuuiremenQ. . The following documentation of field activities shall be 
filed as indicated. These copies will provide adequate documentation of work activities if 
originals are destroyed, lost, or stolen. 
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1. 

2. 

3. 

5.4.2 

Send photocopies of daily log entries to the FEMP project manager or representative 
and others as required at least weekly. 

Maintain originals of field records in the project central file. Keep photocopies of 
bound books in the central file until the book is complete and entered in the file 
system. 

During performance of field program, maintain copies of field records in FEMP 
project manager file. 

General Drilling Practices 

Number, location, depth of borings, type of sampling, and testing required are dependent on 
intended use of the data. The type of drilling method selected for a particular project at 
FEMP depends on the intended use of the borehole and samples collected. Ability to acquire 
data of sufficient quality for intended use and personnel health and safety are primary factors 
considered when selecting a drilling method. 

Guidelines for determining a particular drilling method shall be presented in PSPs. The 
FEMP project manager is responsible for determining that the drilling, technique used is 
appropriate for site conditions and project objectives. The chosen drilling method shall 
reflect the FEMP policy of waste minimization. Drilling methods that may be selected 
include, but are not limited to, the following. 

0 Cable-tool 

0 Hollow-stem auger 

0 Drive casing 

0 Spin casing 

0 Direct mud r o w  

0 Air rotary with casing driver 

0 

Reverse-air or mud rotary 

Air rotary with swing-out, under-reaming bit and casing advancer 

141' 



Drilling operations shall be conducted as follows. 

1. 

2. 

3. 

4. 

5 .  

6. 

7 .  

8. 

9. 

Decontaminate drilling equipment before each use as specified in Appendix K to 
prevent contamination of the borehole and after each use to prevent off-site transport 
of contaminants. 

Minimize introduction of contaminants into the environment and spreading of 
contaminants between zones. 

Set surface casing when a potentially contaminated zone is drilled prior to reaching 
the target zone. 

When drilling through areas where near-surface contamination is indicated from past 
experience or during screening of samples while drilling, grout surface casings in 
place and make them part of the permanent installation. The borehole diameter shall 
be at least four inches larger than the diameter of the surface casing to allow for an 
adequate grout seal. 

In outlying areas not suspected of being contaminated, advance large diameter 
temporary casings as necessary for bore-hole control. 

Minimize production of fluids, cuttings, and other waste by using above-ground mud 
pits, drums, or plastic-lined structures for containment of drilling fluids and cuttings 
unless otherwise specified in PSPs. 

NOTE 

The water source approved for use in drilling operations at 
FEMP is the plant potable water system. 

Use only an approved water source during drilling operations. 

NOTE 

Use of additives in drilling fluids is discouraged except in 
unusual circumstances. 

If an additive is to be used, obtain prior approval from the FEMP project manager. 

Analyze a sample of the additive for parameters of interest, and review analysis 
results for potential impact on objectives of the data-collection program. 
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10. Collect cuttings or core samples at frequency specified in the PSP in accordance with 
the requirements for subsurface soil sampling in Appendix K. 

The geologist-in-charge shall include in the daily log the information specified in paragraph 
J.4.1.2 and prepare lithologic logs in the field that provide the following informatjon. 

5.4.3 Well Design, Installation, and Abandonment 

For claiity, the term "well" shall include ground water sampling points such as four-inch 
diameter monitor wells, above-ground and surface-finished piezometers, and former 
production we1 1 s . 

The FEMP project manager is responsible for locating wells and for selecting the appropriate 
portion of an aquifer so that project objectives defined in the PSP are met. The geologist-in- 
charge is responsible for overseeing well-installation in the field and for properly 
documenting construction details. 

The following procedures are required to ensure quality control of well design and 
installation and successful completion of field drilling investigations for hydrogeological and 
future water quality information. 

5.4.3.1 Materials. Use the following materials for construction of wells. 

1. Use 316 stainless-steel well casing with flush-thread joints below the water table. 

NOTE 

Use of glues or solvents is prohibited. 

2. Use schedule-40 Polyvinyl Chloride (PVC) or 316 stainless-steel casing with flush- 
thread joints for piezometers and above the water table in wells if preferred. 

3. Use two to fifteen-foot sections of commercial wire-wound stainless steel Screens with 
flush-thread joints compatible with the well casing (minimum three square inches open 
area per foot of Screen). Determine size of Screen openings based on effective grain 
size of monitored zone and filter pack size suggested by Aller (1989). 

NOTE 

Screen openings shall be capable of catching between 85 and 
100 percent of filter pack materials to allow accurate 
measurement of hydraulic properties, minimize turbulence 
during sample collection, and optimize capacity to develop the 
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well completely and efficiently. Slotted or wound PVC screens 
with flush-thread joints compatible with the well casing may be 
used in piezometers. However, hydraulic data collected from 
piezometers shall be carefully evaluated to determine whether 
measurements are representative of the aquifer or of well 
materials. 

4. 

5 .  

6. 

7 .  

8. 

9. 

10. 

11. 

Use well-sorted quartz sand for filter pack material. 

NOTE 

Selection of fiIter pack grain size is a function of grain size 
distribution in the natural formation. . 

Multiply the median formation grain size by a factor of two to arrive at a suitable 
filter pack grain size (Dnscoll 1986). 

Obtain one quart or one liter of a representative sample of each type of proposed 
filter-pack material from contractor for approval prior to use. 

NOTE 

Typically, graded sand meeting requirements of American 
Society for Testing and Materials C-33 for fine aggregate 
(concrete sand) is sufficient. 

Describe each filter pack sample in terms of lithology, grain size distribution, and 
source (company where purchased, lot number, and pit or quarry of origin). Place 
description in project files. 

Set bentonite pellet seals in the annulus directly above the filter pack in wells 
screened across the water table. Use pellets one-quarter to one-half inch in diameter. 

Record brand name and lot numbers of bentonite in project fiIes. 

Use an annular grout consisting of a slurry of high-solids bentonite (e.g., Volclay) 
mixed to manufacturer specifications. 

Reserve a sample of each type, brand, and size of backfill material used during the 
project for potential analysis of contaminants of interest. 
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5.4.3.2. Well Construction. Immediately (within 8 hours) after drilling is complete and 
the borehole has been cleaned of cuttings, construct well as follows. 

1. Place desired length of screen and casing inside open borehole, temporary casing, or 
hollow-stem augers. 

2. Place filter pack in annular space between &redcasing and temporary casing or 
augers by the tremie line method as follows. 

a. Insert a small diameter pipe to the desired depth. 

b. Pour or pump the filter pack in place under hydraulic pressure. 

3. Raise the tremie pipe so that it remains 0.5 to 3 feet above the top of the filter 
pack. . 

3. Make periodic measurements to check uniform placement of filter pack. 

4. Record depth to top of filter pack to nearest 0.1 foot. 

5.  Remove temporary casing gradually and install backfill materials so that bottom of the 
temporary casing is kept below the top of backfill material. 

6. Backfill glacial drift wells and wells Screened across water table of the regional 
aquifer (1000- and 2000-series wells) as follows. 

a. Install a filter pack to a height of two to five feet above the screen. 

b. Place a five-foot sodium bentonite pellet plug on top of filter pack. 

c. Hydrate pellet seal with five to ten gallons of water from an approved source. 

d. Install a high-solids bentonite grout seal from top of bentonite seal to within 30 
inches of ground surface. 

7. Backfill wells screened in the middle and at the bottom of the regional aquifer (3000- 
and 4000-series wells) as follows. 

a. Install a filter pack to a height of approximately five feet above the Screen. 

b. Place a high-solids bentonite grout to within 30 inches of ground surface using 
pumps and tremie line method. 

’; ’. 
* ’  . ; *  II.. 14.5 



APPENDIX J' 
Revision 0 

22 September 1992 
Page 10 of 33 

4333 
FERNALD ENVIRONMENTAL MANAGEMENT P R O E f f  

QUALlTY ASSURANCE PROJECT PLAN 

8. For above ground completions, finish top of well casing with 24 to 30 inches of 
casing stickup, a vented stainless-steel cap, or an airtight cap and vent hole not more 
than six inches from top of casing. 

9. Finish ground-flush completions with an airtight cap. 

10. File a notch approximately me-half inch deep at top of each well casing, masure 
elevation of base of notch, and reference each water-level measurement to the 
elevation. 

11. Install the following minimum protection around wells. 

a. Ground-flush installations 

(1) Ensure that completions are either water tight or free-draining 
(containing a drainage layer of coarse sand at the bottom of the flush- 
mount box). 

. 

(2) Provide a well cap with lock. 

(3) Install a protective cover secured with bolts that prevent precipitation 
from entering the protective casing. 

(4) Install manhole-type boxes large enough to accommodate the well 
casing, well cap, and a lock. 

b. Above-ground installations 

(1) Use a five-foot-long black iron pipe, minimum one-quarter-inch thick, 
and at least four inches greater in diameter than the well casing as a 
protective casing. 

(2) Place well casing within four inches of top of protective casing. 

(3) Fit protective casing with a hinged cap, hasp, and lock. 

(4) Drill a drain hole in the oversleeve one foot above land surface. 

(5 )  Place a mixture of cement, sand, and potable water in a ratio 
approximately 1:4:0.5 (by weight) between well riser and outer 
protective casing to a height just below the drain hole to allow water 
entering the annulus to drain. 
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12. 

13. 

NOTE 

To limit movement of pad by frost 
heaving, pour pad and annular 
backfill in one operation. 

(6) Install a three-foot square by six-inch thick, wire-reinforced, concrete 
pad around the protective casing with at least two inches, but not more 
than three inches, of the pad below grade. Backfill upper 30 inches of 
borehole annulus with concrete. 

C. All installations , 

(1) Paint protective casings with high-visibility orange.paint. 

(2) Mark well location on well protector in three places as follows. 

0 On inside of cover with enamel-type paint 

Welded, stamped, engraved, or permanently painted on top of 
locking cover or flush-mount cover 

Engraved or marked with indelible marker on outside of well 

e NOTE 

Guardposts may be necessary in 
high traffic areas or where 
vegetation or debris obscures the 
well casing. 

(3) If guardposts are necessary, install three-inchdiameter steel posts, 
radially located around the well at four-foot intervals, two feet below 
ground surface, and four feet (minimum) above surface. Concrete in 
place and fill guardposts with concrete or cement grout.' 

Regrade and restore disturbed drilling areas. 

Prepare a well completion log (Form J-2, Appendix B) that includes the following 
information. 
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0 A sketch of each well installation showing the following. 

Bottom of the boring by depth from surface grade 

e Screen location 

e 

e Centralizers if used 

Granular backfill, seals, grout, and cave-in 

Top of riser relative to ground surface 
t 

e Details of well protection and above-ground completion 

0 Composition of grout, seals, and granular backfill 

Screen length, slot size (in inches), and slot configuration (wound or machine 
slotted) 

5.4.3.3 Dedicated Euuioment. Use of dedicated ground-water sampling equipment is 
encouraged in cases where the following conditions exist. 

0 High concentrations of contaminants are present at a well site, making handling and 
decontamination of sampling equipment a problem 

0 Well access is a problem - 
0 

Types of equipment that may be dedicated to a sampling location include, but are not limited 
to, the following. 

Fixed equipment that cannot be decontaminated is used 

0 Bladder-type sampling pumps 

Submersible impeller-type purge pumps 

0 Submersible piston-type purge pumps 

0 Pac ken 

0 Hoses 
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Water-level measurement equipment 

The following procedures apply when installing, maintaining, and using dedicated sampling 
equipment. 

NOTE 

Equipment that requires special handling, shall be installed and 
maintained only by manufacturer-trained personnel. 

1. Store sampling equipment in well casing between uses or pull it from the well and 
store it in a designated storage structure. If stored outside the well, designate the well 
(by well number) to which it is dedicated. 

2. Decontaminate equipment removed from a well as specified in Appendix K prior to 
re-installation. 

NOTE 

Maintenance may include decontamination to remove mineral 
precipitation or biological growths. 

3. Perform maintenance as specified by manufacturer or, if specifications are not 
available, on a set schedule based on past usage or when performance is declining. 

5.4.3.4 Well Abandonment. The objectives of well abandonment procedures include the 
following. 

Elimination of physical hazards 

' Prevention of ground-water contamination 

Conservation of aquifer yield and hydrostatic head 

The following procedures shall apply when abandoning a well. 

1. 

Prevention of intermixing of subsurface waters 

Compliance with reasonable property owner requests 

If well casings and Screens must be removed for an adequate seal, remove well casing 
and screens bv Dulling or overdrilling prior to grouting the borehole. 
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NOTE 

Overdrilling is required when flowing sands are 
encountered. 

a. If casing is to be overdrilled, the outside diameter of &he drilling tool shall be 
at least as large as the original borehole. 

b. If Screen material is considered relatively inert in the hydrogeologic 
environment, overdrilling may be terminated at the top of the monitored zone, 
Ieaving the screen and filter pack in place. 

c. If screen and filter must be removed, continue overdrilling to bottom of 
original borehole before grouting. 

2. Remove annular fill material before grouting. 

3. If well casing and screen are pulled from the borehole, make provisions (e.g., fill the 
borehole with drilling mud) to prevent borehole collapse within evacuated area. 

4. Measure the open depth of the borehole using the tremie pipe and calculate the 
volume of grout needed to fill the borehole to a depth of 30 inches below grade. 

5 .  If the tremie pipe can be inserted to the original depth, proceed as follows. 

a. Grout the borehole by the tremie method from the bottom up. 

b. Measure the volume of grout added. 

c. If significantly more grout is added than that calculated in step 4 (i.e., 25 
percent), stop grouting and consult the FEMP project manager. 

6. If the tremie pipe cannot be inserted to the original depth of the borehole, overdrill 
the boring with a bit at least as large as the original borehole to the original depth 
before grouting. (Use measurements from original drilling records.) Insert grout to 
within 30 inches of land surface and allow to harden for 24 hours. 

7. Use a concrete plug to fill uppermost 30 inches of the borehole. 

8. Insert a metal pin to mark the abandoned well site. 

9. Record materials used and materials removed from the borehole. 
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10. Dispose of removed material as specified in the PSP for well abandonment. 

5.4.4 Well Development 

Wells shall be developed to yield accurate aquifer test results and ground-water-samples 
representative of aquifer conditions. Well development may be conducted using bailers, 
submersible pumps, bladder pumps, or peristaltic pumps. Surging techniques using 
surgeblocks are recommended in relatively high-yield aquifers. Excessive drawdown should 
be avoided, reducing the purge rate if necessary. 

The FEMP project manager shall specify the well development method in the PSP where 
sufficient historical data exists to make an informed decision. Where historical well 
development data are lacking, the well development method shall be based on observed 
aquifer response during drilling. 

The following procedure applies when developing a well. 

1. Decontaminate equipment and materials used for well development as specified in 
Appendix K before each use. 

2. Develop well as soon as possible after well installation, but no sooner than 48 hours 
after grouting is completed. 

3. Continue development until the water is visually clear and temperature, pH, and 
specific conductance have stabilized. 

4. A's a minimum, attain the following well conditions. 

a. * If the boring was made without use of drilling fluid water, remove five times 
the standing water volume in the well (water in well screen and casing plus 
saturated filter pack). 

b. If recharge is so slow that required amount of water cannot be removed in a 
reasonable amount of time, or the water remains discolored, or it contains 
visible particulates after the five-volume removal, contact the FEMP project 
manager or representative for direction to use an alternate procedure based on 
recommendation of the field representative. 

c. If it appears necessary to add water to the well to assist development, obtain 
written approval from the FEMP project manager before proceeding. 

. 
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NOTE 

Do not use chemicals (e.g., dispersing agents, 
disinfectants, or acids) during well development. 

d. If the boring was made or enlarged using drilling fluid (water), remove five 
times the measured amount of total fluids lost while drilling plus five times the 
standing water volume. If slow recharge, discolored, or particulate-laden 
water is a problem, proceed as in step b. 

5.  During development, attempt to remove standing water from points near the bottom of 
the well Screen and from the top of the water column. 

6. If problems are encountered during development, promptly notify the FEMP project 
manager or representative. 

7 .  Record field measurements and comments on applicable data reporting forms. If 
some steps or procedures are not performed as specified, state the reason as 
completely as possible on the form or in an attached statement. Include the 
following data on the form. 

a. Well designation (location ID) 

b. Date of well installation 

c. Date and time of well development (start and finish) 

d. 

e. 

Static water level before and after development 

Quantity of water removed and time of removal 

f. Depth to bottom of the well inside the casing before and after development 

g. Physical character of removed water including changes during development of 
temperature, turbidity, pH, specific conductance, color, and odor at regular 
intervals 

h. Physical characteristics of removed sediments including lithology and grain 
size 

i. Descriptions of equipment used including type and sizekapacity of pump 
and/or bailer used 
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j. Description of surge techniques used 

5.4.5 Geophysical Surveys 

Geophysical methods shall be'chosen based on project objectives. See Environmental 
Protection Agency (1987) for a brief description of commonly used methods. 

Specific techniques for conducting geophysical surveys by borehole logging or surface 
methods shall be provided in the PSP based on the following guidelines. 

5.4.5.1 Borehole Geophvsical Lotzing. Borehole geophysical methdds are used to 
acquire information about subsurface geological characteristics such as the following. 

0 Formation breaks 

0 Thickness of individual beds 

Porosity 

0 Nature of borehole and formation fluids 

0 Identification of high-permeability zones 

0 Depth of penetration of drilling fluids 

0 Borehole size 

A minimum of one quality control duplicate run shall be made with each tool used on each 
project where borehole geophysical logging is specified. When performance of the logging 
operation has met project objectives, the geophysical team leader shall sign and date 
completed logging forms (step 4). 

The following procedure applies generally to geophysical surveys and logging of activities. 

1. Clean and decontaminate downhole tools and cables prior to downhole logging 
operation and between each borehole as specified in Appendix K. 

Calibrate logging equipment and provide the FEMP project manager with applicable 
documentation before and after survey calibrations. 

2. 

3. Properly clean and decontaminate logging equipment at conclusion of operation. 

' 353 
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. 
NOTE 

The FEMP project manager or representative shall ensure that 
specified originals and copies of logs are placed in project files. 
-The team leader shall record progress of logging activities. 

4. Complete applicable forms and record unusual Occurrences in the daily log as follows. 

a. Include remarks on the log header. 

b. Identify the log run on the log header. 

c. Enter logging speed, length of tool and resolution, borehole identification, and 
team member names on the log header. 

d. Mark each cume on the log using a unique line format for.every curve. 

e. Mark the vertical scale in feet and record total depth of the borehole at the 
bottom of the log. 

f. Identify and graduate the horizontal scale for each log run, labeling a 
minimum of every ten grid spaces horizontally on the log. 

5 .  Transfer copies of data to the FEMP project manager or representative for 
distribution, analysis, and archiving. Transmit magnetic recordings generated during 
the course of downhole logging along with results of logging runs immediately. 
(Recordings shall be in a format specified by the FEMP project manager or designee.) 

5.4.5.2 Surface GeoDhvsical SurvevS. Surface geophysical methods provide subsurface 
information without the need for excavation. Information that can be obtained includes the 
following. 

0 Delineation of contaminant plumes 

Identification of high-permeability zones 

Location of disposal areas 

a Location of subsurface anomalies 

The PSP shall specify the geophysical method and instruments to be used, grid spacing, time 

Identification of subsurface utilities and stratigraphic data 

~ 
~ 
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frame for survey, information desired, and frequency of duplicating lines for quality control 
purposes. 

A minimum of five percent of the total linear distance of the survey shall be duplicated. 
Provisions for verifying interpretations through use of borings or excavations shall be 
included in the PSP. 

The following general procedures are applicable for surface geophysical surveys. 

1. Operate instruments as specified in manufacturer instructions or in the PSP. 

2. If manufacturer instructions are not used, provide justification for this variance as 
specified in Section 15. , 

Provide the following information on project-specific logging forms. 

0 Date of activity 

3. 

Times survey was begun and finished 

Times of breaks in activity 

0 Temperature variations 

Descriptions of variation from an established line caused by topography or 
vegetation; crossing of drainage features; crossing of swampy areas; 
instrument settings, calibrations, or malfunctions; and operators. 

5.4.6 Aquifer/Pemeability Testing 

A decision to conduct an aquifer test for each project shall be made in accordance with . 
guidelines in the PSP. Guidelines for determining test type, location, and objectives for each 
project shall also be specified in the PSP. Every aquifer test should be considered unique. 

Following are requirements for hydraulic tests to characterize certain properties of 
hydrogeologic units (e.g., hydraulic conductivity, transmissibility, and storability). Data 
obtained during field hydraulic tests may include the following. 

0 Static water level 

0 Pumping well water discharge rate or volume of water dispIaced 

Drawdown or pressure versus time data for pumping and monitoring wells 
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0 

0 Test interval 

5.4.6.1 General Test Procedun. The following general procedure shall be performed in 
addition to procedure specified in the PSP. 

1. 

Water temperature, pH, and specific conductance 

Use equipment specified in the PSP based on approximations of the properties of 
interest from previous drilling and testing data. 

2. Record the following information as applicable for each test. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Type of test (e.g., slug test, specificcapacity est) 

Type of data recorded (e.g., recovery or drawdown) 

Test well identification 

Identification and relative position of observation wells including a diagram 

Depth and length of screened or open interval 

Diameter of both well casing and boring 

Known or estimated thickness of the aquifer 

Static water level 

Start and completion times of test 

Start and completion times of pumping if applicable 

Drawdown versus time measurements 

List of equipment used including pumps, hoses, slugs, transducers, data 
loggers, and water level measurement devices 

Weather conditions including duration and intensity of precipitation 

Testing personnel 

3. Maintain complete original test records in project files and make copies available to 
hydrogeologists and field representatives who performed the test. 
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4. 

5 .  

6. 

7. 

8. 

9. 

Prepare a diagram of equipment used in each aquifer or permeability test (by the 
responsible hydrogeologist). Indicate the tubing dimensions, depth of water intake, + 

and location of gauges and packers. Include the diagram in the data records of each 
test. 

Calibrate gauges, flowmeters, and other instrumentation used and check for proper 
operation before use. 

Obtain copies of calibration documentation from the instrument or testing service 
company; maintain calibration records consisting of laboratory measurements, and, if 
performed, on-site zero adjustment and/or calibration. Include these records in the 
project file. 

If a weir or an orifice is used to measure flow volumes or rates, check these devices 
on site using a vessel of known volume and a stopwatch. Document accuracy before 
testing proceeds. 

Install equipment and demonstrate to the hydrogeologist that it is in proper working 
order and performing to specifications before start of pumping test. 

If past monitoring data indicate that the water does not contain hazardous constituents 
or possess characteristics of hazardous waste as defined by the Resource Conservation 
and Recovery Act, dispose of water pumped from the well during the aquifer or 
permeability test in the general sump and treat it in the FEMP wastewater system. 

NOTE 

Direct questions about whether water from a certain well 
constitutes a hazardous waste to FEMP environmental 
compliance personnel. 

10. Make special storage arrangements prior to removing water that may contain 
hazardous waste. 

11. Decontaminate equipment used in boreholes, wells, or piezometers as specified in 
Appendix K prior to use and between each test site. 

3 57 
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5.4.6.2 Borehole Hydraulic TestinP for Aauifer Characteristig. The following 
procedures apply for determining hydraulic parameters of aquifers using slug.tests and 
pumping tests. Generally, the procedures in paragraph J.4.6.1, steps 1 through 9, apply to 
both slug tests and aquifer pumping tests. If there are variations to the following procedures, 
they shall be specified in applicable PSPs. 

Slug Tests - Slug tests are a quick and inexpensive method of estimating the hydraulic 
conductivity or transmissibility near the screened zone of the well. 

1. Use the following equipment to conduct a slug test. 

NOTE 

A number of water-level measuring devices may be used for 
measuring depth to water in a well. Accurate readings can be 
obtained with electric water-level indicators, pressure 
transducers, or weighted tapes. Avoid water-level measurement 
by the weighted-tape method except when conducting tests of 
intervals suspected of having a very low K value. It may be 
difficult to obtain enough readings for analysis of the tests if the 
water level recovers quickly in a short period of time. 

Water level measuring device 

0 Known volume of slug (solid cylinder or volume of water added or removed) 
that will fit into the well, borehole, or container to add or remove a known 
volume of water 

Timer accurate to one second or a pressure transducer and data-logger 
combination 

Semi-log graph paper and indelible pen or pencil and paper or verified slug- 
test analysis software 

0 

2. Record the following information before beginning the test. 

Site identification and well or borehole location 

Location and elevation of reference point from which water depth 
measurements are made 

0 

Elevation of ground water with respect to reference point 

Date and time of test 
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0 Well depth, screen length, riser pipe radius, well Screen radius, radius of 
gravel pack plus well Screen or borehole depth and radius I ' - 

3. 

4. 

5 .  

0 

0 

Thickness of ground water zone to be tested 

Volume of slug added or removed 

0 Type of measuring device used 

0 Names of personnel conducting test 

Determine static waterlevel in well by periodically measuring depth to water for 
several minutes and taking average of readings. 

NOTE 
- 

It is important to remove or add the volumes as quickly as 
possible because the analysis assumes that an instantaneous 
change in volume is created in the well. 

Instantaneously introduce or remove a slug of known volume to displace water level. 

NOTE 

The number of depth/time measurements necessary to complete 
the test are variable, but it is critical to make as many 
measurements as early as possible in the test. 

Assign time zero to the moment of volume addition/subtraction, measure, and record 
depth to water and time of each reading. Measure depth to the nearest 0.01 foot. 

NOTE 

Time required for slug test completion is a function of volume 
of the slug, hydraulic conductivity of the formation, and type of 
well completion. Slug volume shall be large enough that a 
sufficient number of water level measurements can be made 
before water level returns to equilibrium. Length of test may 
range from less than a minute to several hours. 

.: r. . . ,  .. :.t . _  a e 95s 
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6. Continue measuring and recording depthltime until water level returns to equilibrium 
or, for slowly recovering wells, until a sufficient number of readings have been made 
to clearly show a trend on a semi-log plot of time versus depth. 

7. If the FEMP project manager, EPA, and Ohio Environmental Protection Agency 
approve addition of water to the monitoring well, use yater from an uncontaminated, 
tested source. Transport water in a clean, approved container. 

8. Decontaminate bailers and measuring devices prior to the test as specified in 
Appendix K. 

9. If tests are performed on more than one monitoring well, avoid cross contamination 
of wells by using decontamination procedures specified in Appendix K. 

Aquifer Pumping Test - Aquifer pumping tests, commonly referred to as pump tests, are 
used to determine hydraulic properties of water-bearing zones. Pump tests influence a larger 
area and provide results that are often more representative of the overall aquifer 
characteristics than slug tests. Aquifer characteristics that may be obtained from pumping 
tests include hydraulic conductivity, transmissibility, and specific yield for unconfined 
aquifers and storage coefficient for confined aquifers. 

' 

Equipment, personnel, and 'time commitments needed for pumping tests are greater than 
those for slug tests. Constant-rate discharge, variable-rate, and injection tests are types that 
may be used. Test method and procedures shall be specified in the PSP. 

Equipment needed for pumping tests includes the following items. 

NOTE 

Pumps are commonly of the submersible or turbine type and are 
sized consistently with expected aquifer conditions. The well 
should be developed prior to testing. 

One or more completed observation well/piezometer hydraulically connected to the 
pumped test aquifer and completed to specifications for the particular test 

0 Orifice, weir, flow meter, container or other type of water measuring device to 
accurately measure and monitor discharge from the pumped well 

Pipe to transport pumped water from pumping well to holding tank or effluent 
location 

0 Valve on discharge pipe to control pumping rate 
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0 

0 

0 

0 

0 

0 

0 

0 

Outlet valve near well head for water quality sampling - 
Depth-to-water measuring devices for each observation and pumping well (may 
include steel tapes, electric sounding probes, Stevens recorders, or pressure 
transducers) 

Thermometer and other necessary water quality equipment 

Watches capable of reading to the nearest second, stopwatch, or pressure transducers 
with data loggers 

A 3-by-5-cycle log and 5-cycle semi-log graph paper or appropriate, verified 
computer software, and necessary hardware 

Indelible pens or pencils and form for recording times and drawdown measurements 
at each well 

Appropriate references and calculator for field determinations 

Barometer or recording barograph for tests conducted in confined aquifers 

The following general procedure applies to pumping tests. 

1. Prior to the test, monitor water levels in the observation well to measure diurnal 
fluctuations. (Number of wells and the monitoring period shall be specified in PSPs.) 

Record the following information during the test. 2. 

0 Identification numbers or locations of pumped well and each observation well 

0 Location and elevation of each well 

0 Location and elevation of reference point from which water depth 
measurements are made and elevation of ground surface with respect to the 
reference point 

0 Weather conditions 

0 Method of measurement 

0 Date and time of test 

... . 
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0 Well depth, pump depth, screen length, well radius, and radius of filter pack 
plus well screen for each well 

3. 

4. 

5 .  

6. 

7 .  

8. 

9. 

10. 

Calibrate measuring equipment used for pumping tests before use. 

Maintain calibration records that consist of laboratory measurements and on-site zero 
adjustment andor calibration performed. 

File copies of calibration documentation with test records. 

When a weir or an orifice is used to measure flow rates, check it on site with a 
container of measured volume and stopwatch. Verify the accuracy of the meters 
before proceeding with the test. Check meters hourly during the test, and document 
each check. 

Record changes in barometric pressure during the.test, preferably with an on-site 
barograph, to correct water levels for fluctuations that may occur as a result of 
changing atmospheric conditions. 

Measure water levels to provide data required to meet test requirements. Early in the 
test, ensure that sufficient personnel are available to collect at least ten measurements 
per log cycle (i.e., 1-to-10 and 10-to-100 minutes) at each selected observation well, 
or install a pressure transducer and data logger at each well to collect the data at the 
given frequency. 

Measure water level recovery after pumping stops to verify results obtained during 
drawdown portion of the test. Measure recovering water levels in the pumped well 
and in observation wells for a period of time immediately following cessation of 
pumping. 

Perform monitoring during recovery period as specified in PSP. 

5.4.7 Well Maintenance 

It is important to maintain ground-water monitoring wells in order to extend the life of the 
wells and provide representative levels and samples of ground water surrounding the wells. . 
The following aspects of well maintenance shall be addressed. 

0 Well evaluation 

0 Redevelopment 

Maintenance check lists 
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. Well head protection 

The FEMP prime operating contractor shall be responsible for well maintenance activities, 
conducting a maintenance survey of ground water monitoring wells, and evaluating well 
maintenance aspects such as water quality, structural integrity, and well-head protection. 
Well maintenance activities shall comply with applicable regulatory and site requirements. 

5.4.7.1 Well Evaluation. Existing ground-water monitoring wells shall be evaluated for 
the ability to provide representative samples and may include the following activities. 

On-site inspections 

. 0 Review of existing well installation documentation , 

Review of well history (whether it produced consistently clear or turbid samples). 
(Wells with irreconcilable turbidity or lacking information on design and construction 
may be abandoned under circumstances described in paragraph 5.4.3.4.) 

Review of ground water sampling field records 

0 Down-the-hole camera inspections 

Review of other sources of information that may be applicable to a specific well 

Review of the hydraulic characteristics of the aquifer adjacent to the well that shall 
include pump and slug tests to determine the following. 

0 Pump Tests - for aquifer characteristics, degree of hydraulic interconnection 
between different water-bearing units, and recharge rates 

Slug Tests - for in-situ hydraulic conductivity of low-permeability formations 
through addition or removal of an inert solid of known volume 

5.4.7.2 Well Inswct ion and ReDair. The following procedure shall be conducted at each 
well as applicable to that specific well. 

1. Ensure that guard posts are in good repair. 

2. . Inspect ground surrounding well for the following conditions and repair as required. 

Ground must be free of depressions and channels that allow surface water to 
collect and flow towards well head. 

0 Surrounding area must be clean of debris and foreign material that could leach 
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contaminates into subsu'rface or otherwise interfere with well sampling. 

3. Inspect locking lids for the following conditions and repair or replace as applicable. 

0 Lid must open with minimal effort. 

0 Eyelets on lid and protective casing must align for easy removal of padlock. 

0 Ensure integrity of hinge and seal on lids, which must also Sene as sanitary 
seal. 
Padlocks must be free of accumulated debris within key slot and locking 
mechanism. 

0 . Padlocks must operate freely. , 

0 Padlocks must be installed with key-slot down to prevent rainwater from 
entering locking mechanism. 

4. Inspect the well caps for the following conditions and repair or replace them as 
applicable. 

Cap must be free of spider and insect debris, moIds, fungi, or anything that 
couid affect representativeness of water samples. 

Above-ground caps must fit securely and vent hole must be clear. 

Ground-flush caps must be water-tight to prevent surface water from entering 
well. 

5 .  Inspect protective casing for the following conditions and repair or replace it as 
applicable. 

Structural integrity - Casing must be free of corrosion and cracks. 

0 Casing must be reasonably plumb with ground surface. 

0 

0 

Paint must be bright orange. 

Well identification number must be painted in white or welded to the top of 
lid. 
Drain hole must be clear allowing water caught between protective casing and 
well casing to escape. 

Structurally sound concrete surface seal and pad around protective casing must 
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be free of voids, cracks, and depressions where it contacts ground surface 

6. 

7. 

8. 

9. 

10. 

Inspect well casing for the following conditions and repair as required. 

0 Casing must be free of spider or insect debris. 

0 Sharp edges - recondition edges as required. 

0 Grout between well and protective casings must be free of cracks and 
structurally intact. 

Inspect well and well records for the following conditions and remedy as appropriate. 

a. Well development and size of screen openings causing sediment accumulation 
at bottom of well - remove sediment that significantly affects well 
performance. 

NOTE 

For wells less than 25 feet deep, sediment may be 
removed using a centrifugal pump with an intake 
hose to suck sediment from well bottom. For 
deeper wells, a bailer or hose with a foot valve 
are suggested for sediment 'removal. 

b. Accumulation of chemical, physical, or biological incrustation on well screens. 
Remove incrustation or replace Screen as appropriate. Do not use chemicals to 
remove incrustation. 

Evaluate wells for reduced yield by comparing present yield to installation data, 
previous yield, and past pumping tests. 

Inspect wells for blockage caused by sampling equipment lodged in well (e.g., purge 
pumps and bailers). Evaluate removal of such equipment on an individual basis. 

Prior to performing maintenance at a designated location, develop a PSP that provides 
the following information. 

0 Scope of maintenance activity 

Work schedule and completion date 

0 Manpower and materials required 
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0 Decontamination procedures and other measures to ensure well integrity 

0 Decontamination procedures (Section 5 )  required for equipment that may enter 
the well casing or otherwise contaminate the well. 

0 Required documentation of field activities as follows: 

Daily log (paragraph J.4.1) submitted to FEMP within one day of task 
conclusion 

Weekly progress reports including photocopies of log entries 

0 Well abandonment report documenting compliance with applicable EPA 
and Ohio Environmental Protection Agency regulations and FEMP 
Sitewide CERCLA Quality Assurance Project Plan 

Final report in specified format documenting evaluation and 
maintenance activities and addressing plan objectives 
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THE BLEG-INJECTION TEST F O R  ESTIMATISG THE 
COEFFICIENT O F  TRANShfISSIBILITT O F  &V AQCIFER 

By JOHX G. FYBEUS and Do- B. KYOWLEB 

-Cr 
If a comparstively small volume, or  slug. of water is instantanmusly injected 

Into or  withdrawn from a well. the well Is considered to be a n  inscsntaneoua 
vertical l ine sowce or line sink. For a r t e s i an  aquifers, the coefficient of trans- 
missibility of the material  in the immediate oicinitT of the well can be estimated 
by an equation developed by Theis- (1935) for a rerticsl instantaneous line sink. 
T h e  equation can be solved graphically f rom a straight-line plot of the  data .  
For a slug-injecrton test, the well should tap  the full thickness of the aquifer 
nnd be fully dereloped. and  the water-level measurements should be made in 
rapid succession a f te r  the injection or wi thdrawal  of the slug of water into or 
f rom the well. 

EQUATION FOE DBAWDOWN IN hN ~ S T L . X T M Z O U S  VEETICU 
SOUZCE OB LZNX SXXK 

I n  the development of the nonequilibrium formula for drawdowns 
caused by the pumping of ground water from s to rqe -a t  a constant 
rate, Theis (1935) presented the equation for drawdown in an instan- 
taneous vertical line source or line sink and obtained, by integration, 
the equation for a vertical line source or line sink that is continuous 
a t  const3nt strength. Many field tests evidence the applicability of 
the nonequilibrium formula to the problem of the discharging well 
that taps an artesian aquifier of infinite extent; however, the impor- 
tance of the nonequilibrium formula to quantitative ground-water 
hydrology so over shadowed the initial step of the Theis development 
that little attention has been accorded the equation for an instan- 
taneous vertical line source or line sink. Although of limited appli- 
cation, the equation provides a useful method for estimating the 
coefficient of transmissibility in the immediate vicinity of a well, which 
is a physical approximation of the theoretical vertical line source or  
line sink. 

The slug-injection test for estimating the coefficient of transmissi- 
bility involves the instantaneous injection (or mithdrawal) of a slug 
of water into or from a well; hence, the term “slug-injection test” 
seems appropriate. Use of the slug-injection test should be limited 
to fully developed wells that are open to the full thickness of an 
artesian aquifer of small or moderate tmsmissibility-le% than 
50,000 gpd per ft. The test probably cannot be used to determine the 
transmissibility of most water-table aquifers. Because the coefficient 
of tmnsmissibility determined from this test generally applies only to 
the material close to the well, indiscriminate use of the results 

-25- 
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lmd to erroneous conclusions. Great care must be exercised in con- 
ducting the tern. in analyzing the data and, most particularly, in 
applying the r e d t s  to the solution of field problems. Nevertheless, 
the simplicity of the test justifies its use provided the assumptions 
upon which the formula is based are essentially fulfilled and the 
limitations of the test are fully recognized. 

The equation for residual head in an instxitaneous vertical line sink 
is written 

- P 3  

8 s -  

- 
qe 4r1 
41rTt 

where 
s=the residual head after the injection of a slug of water, 
?=the distance from the injection well to an obsemation well, 
t= the time since the slug was injected, and 
p=the volume of the slug. 

ordinarily, only a small volume of water can be injected into a well 
as a slug. For this reason, the reaction to the injected slug usually is 
not measurable in the aquifer beyond the immediate vicinity of the 
well. Therefore? the water-level measurements are made only in the 
injection well; the distance is then the radius, T,, of the well. For 
values of r as small as r, especially where S is small (as for artesian 
quifers), the exponent of e in equation 1 approaches zero as t becomes 
large and the value of the exponential terms approaches unity. Then, 
if q is expressed in gallons, T in gallons per day per foot, t in minutes, 
and 8 in feet, equation 1 a n  be written in the form 

(2) 

t,=the time in minutes measured from the avenge of the times 
marking the beginning and a s a t i o n  of the injection. 

Eqnations 1 and 2 am equivalent to thw derived by Skibitzke in the 
preceding paper for drawdowns near a, vertical line source. The 
effects of instantaneously injecting a slug of water into a well a m  
identic31 in the opposite direction to those of instantaneously with- 
&awing a slug of water of equal volume from the same well; that is, 
the rata of water-level decline following the injection of a slug equals 
the rate of water-level recovery following the withdrawal of 3 slug 
of equal volume. 

114.6~ (I/&,,) T= 
8 

where 

IIOm-T bKD P B O C m m  FOB A SLUG-mJECTION TEST 

A convenient appantus  for instantaneously injecting water into a 
well is shown in &re 898. An oil drum has been adapted for use 

-26- 1.72 
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.. 
oil drum of known volume 

Cover plate with fixed eyebolt 

Gasket attached to cover plate 

Block drum up above well casing to 
provide for escape of air 

d nipple making water- 
tight connection with bottom of 

land surface ' 

Well casing 

A .  APPARATUS FOR INJECTING SLUG O F  WATER INTO WELL 

Eyebolt for attaching steel tape e 
Pipe 

Lead filler 

depression in the lead 

B. PERCUSSION INSTRUMENT FOR RAP10 MEASUREMENT OF WATER LEVELS 

FIGUBE 89.-Equ!prnent for m a h g  a dug-lnktlon test. 
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as 3 container to hold the slug of mater to be injected. -4n opening 
113s been made in the bottom of the drum? and a nipple has  been 3t- 
tached by using 3 flange connection. (The nipple could have been 
welded direct17 to the conbiner.) A cover plate to which a gasket 
is attached has k e n  placed over the opening inside the drum. When 
the rope attached to the cover plate is pulled, the cover plate is raised, 
thus allowing the slug of water to be introduced into the well almost 
instantaneously. The drum should be supported by blocks so it can 
be removed quickly and easily once the injection is completed and also 
to provide 3 vent for the escape of air from the well. Water-level 
measurements must be made rapidly after the slug of r a t e r  has been 
introduced into the well. Bec3use the wetted-tape method genemlly 
is too slow, a percussion instrument attached to the end of a steel tape 
or an electric t a ~ e  should be used. A percussion instrument, such 3s 

shown in figure'89L3, can be constructed easily by filling a short sec- 
tion of steel pipe r i t h  lead, carving a shallow, ova1 depression in the 
lead at one end of the pipe, and attaching the other end of the pipe to 
a steel tape. The instrument usually is referred to as a popper be- 
c a w  the depression in the lead c3uses a popping noise upon sharp 
contact with the mater surface in the Tell. Water-level measurements 
made with the popper are as accurate as those made by the wetted- 
tape method. 

The residual head a t  any instant is the diffemnce between the ob- 
semed r a t e r  level and the extrapolation of the antecedent mater-level 
trend. I n  making ;L slug-injection test, the time a t  which the injection 
began and the time that it stopped should be recorded, and the avenge  
of these times should be used as the origin of time in analyzing the 
water-level measurements. The elapsed time during the injection must 
be small compared to the period of the mater-level recession. 
A slug-injection test is made as follows: 

1. 

2. 

3. 

4. 
5. 

6. 

Before injecting the slug of water into the well, define the existing water- 
level trend by making water-level measurements at  frequent intervals. 

By means of 3 suitable apparatus, instantaneously (or nearly so) inject a 
known volume, q, of water into the well. 

Remove the injection apparatus from the well and resume water-level 
measurements. 

Calculate the values of the residual head and l/f.. 
Plot the corresponding values of s and 1/t, on rectangular coordinate 

graph paper. The plotted values should define a straight line through 
the origin. 

Calculate T from the coordinates of any point on the straight line. 

I f  the observed data from a sluginjection test do not plot on a 
straight line, the well may be in need of additional development. The  
slug-injection test m o t  be used to estimate transmissibilities tha t  ?.?.., 

1,. -* ? 
' *  . 
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m-e much in excess of 50,000 gpd per ft, because the water-level buildup 
produced by introducing water into the well disappears so rapidly that 
the d a h  curve cannot be defined accurately. 

A PBACTICAL APFLICATION OF THE SLUG-INTXCTION TXST 

A slug-injection test to estimate the coefficient of transmissibility 
of 3 water-bearing formation was made on a 6 inch  test Tell a t  Speed- 
way City, Ind. Mesumments of the depth to r a t e r  prior to and 
following the instanhneous injection of a 39-gdon s lug of ra te r ,  
the residual head at  the time of each water-level measumnent, and 
the reciprocal of the time since the slug was injected, l/t,,,, are given 
in table 7.  The residual head, s, was plotted against the reciprocal 
of the time since the slug mas injected, l / tm ,  on rectangular coordi- 
nate graph paper, as shown in figure 90. A straight line drawn 
through points plotted from the observed data passes through the 
origin. Arbitrary selection of the point on the straight line where 
l / t ,=0.5 and s=0.165 foot and substitution of those values in equation 
2 give6 

=13,500 gpd per ft. 114.6X39X0.5 
0.165 T= 
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Water Level Measurements - Metal Tape 

The steel a p e  method for measuring the depth to water.is a simple and reliable method in observation 
wells between 1-1/2 and 6 inches in diameter.. The steel tape method utilizes a steel tape with a popper. 
The popper is a metal cylinder 1 to 1-1/2 inches in diameter and 2 to 3 inches long with a concave 
undersurface and is fastened to the end of a steel tape. The steel tape with a popper is used in the 

I 

2 

3 

J 

5 

6 

following manner. 7 

Chalk the steel tape with either carpenter's chalk or ordinary blackboard chalk which changes 
shade upon becoming wet. 

Extend the chalked steel tape with a popper into the well. A few inches above the water the 
popper should be dropped to hit the water surface, where it will make a distinct "pop." 

Adjust the length of the tape to determine the point at which the popper just hits the surface. 

Extend a portion of the chalked tape below the water surface. Take a reading at a designated 
measuring point at the top of the casing. All water level measurements shall be taken from the 
same measuring point. 

Retract the metal tape. The line of the color change of the chalked portion of the tape denotes 
the length of tape immersed in water. 

Subtract the'length of color change of the chalked portion of the tape from the reading at the 
measuring point for the depth to water. 

8 

9 

10 

11 

It 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

2A 

25 

26 

Cascading water in a well may mask the mark of the true water level on the tape. In smalldiameter n 
wells, the volume of the weight may cause the water level to rise in the pipe, and the measurement may 28 

be somewhat inaccurate. 

Source: 

Operating noises and lack of clearance may hinder the use of poppers. 29 

30 

Bureau of Reclamation, 1981. Groundwater Manual, Revised Edition, US. Depanment 31 

of the Interior. Washington, D.C.: U.S. Government Printing Office. 32 
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Testing .of Observation Wells 

To determine the response to changing water stages, each observation well or piezometer should be tested 
as follows: 

1) Inject a known volume of water into each well and measure subsequent decline of water level. 
The initial rise of water should be dissipated within a few minutes (to within about 0.01 of the 
initial rise) if the observation well is to reflect changes of head in the aquifer during the test. 

2) Total depth, diameter, and screened interval should be known for each observation well'and 
recorded in the field log book. 

3) Radial distances from the control well to each observation well shall be measured. 

Source: Bureau of Reclamation, 1981. Groundwater Manual, Revised Edition, US. 
Department of the Interior. Washington, D.C.: U.S. Government Printing 
Office. 

Stallman, R.W., 1971. Aquifer Test Design, Observation, and Data Analysis, 
Technicians of Water Resources Investigations of the U.S. Geological Survey, 
Book 3 ,  Chapter B1. 
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2.7.3 Sample preparation: 

1. Obtain s u f f i c i e n t  representative soi l  sample. Air dry the 

2.  Thoroughly mix the  selected representative sample with water t o  

sample a t  room temperature. Do not oven dry. .. 

obtain a desired moisture content. 

3 .  Compact the sample t o  the desired density w i t h i n  the  mold using 
the method described as par t  of ASTM Method D698-70. 

4. Level the surface of the compacted sample w i t h  s t r a i g h t  edge, 
weigh and determine the density of the sample. 

n 

5. Measure the length and diameter of the sample. 

6. Assemble the apparatus, make sure that  there  are  no leaks, and 
then connect the  pressure l i n e  t o  the apparatus. 

2.7.4 Test procedure: 

1. Place suf f ic ien t  volume of water i n  the f l u i d  chamber above the 
soi 1 chamber. 

2. Apply a i r  pressure gradually t o  flush water through the .sample 
until  no a i r  bubbles i n  the outflow are  observed. For fine- 
grained s o i l s ,  the  saturat ion may take several hours t o  several 
days, depending on the  applied pressure. 

3. After the sample i s  saturated,  measure and record the quantity 
of outflow versus time. 

4. Record the pressure reading (h) on the top of the f l u i d  chamber 
when each reading i s  made. 

5. Plot the accumulated quantity of outflow versus time on 
rectangul a r  coordinate paper. 

6. Stop taking readings as soon as the l inear  posit ion of the curve 
i s  defined. 

2.7.5 Calculations: The hydraulic conductivity can be calculated 
us ing  Equation (8) .  

2.8 Triaxial-cell  method with back pressure: 

2.8 .1  Applicability: This method i s  applicable f o r  a l l  soi l  types, 
b u t  especially for  fine-grained, compacted, cohesive s o i l s  i n  which fu l l  
f l u i d  saturation of the sample i s  d i f f i c u l t  t o  achieve. Normally, the 
t e s t  i s  run  under constant-head conditions. 
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I ,  I , - 2.8.2 Apparatus: The apparatus is  s imilar  t o  conventional t r i a x i a l  

apparatus. The schematic diagram of this apparatus i s  shown i n  Figure 5. 

2.8.3 Sample preparation: Disturbed o r  undisturbed samples can be 
tes ted.  Undisturbed samples must  be trimmed t o  the diameter of the t o p  
cap and base of the t r i a x i a l  Disturbed samples should be prepared 
i n  the mold u s i n g  e i t h e r  kneading compaction f o r  fine-grained s o i l s ,  o r  
by the pouring and vibrating method f o r  coarse-grained s o i l s ,  as 
discussed in Section 2.5 .3 .  

c e l l .  

2.8.4 Test procedure: 

1. Measure the dimensions and weight of the prepared sample. 

2. 

3 .  

Place one of the prepared specimens on the base. 

Place a rubber membrane in a membrane s t re tcher ,  t u r n  both ends 
of the membrane over the ends of the s t re tcher ,  and apply a 
vacuum t o  the s t re tcher .  Carefully lower the s t re tcher  and 
membrane over the specimen. Place the specimen and release the 
vacuum on the membrane stretcher.  T u r n  the ends of the membrane 
down around the base and up around the specimen cap and fasten 
the  ends w i t h  O-rings. 

4. Assemble the t r i a x i a l  chamber and place i t  i n  position in the 
loading device. Connect the tube from the pressure reservoir t o  
the base of the t r i a x i a l  chamber. W i t h  valve C (see Figure 5) 
on the pressure reservoir closed and valves A and B open, 
increase the  pressure inside the reservoir,  and allow the  
pressure f l u i d  t o  f i l l  the t r i a x i a l  chamber. Allow a few drops 
of the pressure f l u i d  t o  escape through the vent valve (valve 6) 
t o  insure complete f i l l i n g  of the chamber w i t h  f lu id .  Close 
valve A and the vent valve. 

5. Place saturated f i l t e r  paper disks having the same diameter as 
that  of the specimen between the specimen and the base and cap; 
these disks  will a lso f a c i l i t a t e  removal of the specimen a f t e r  
the t e s t .  The drainage l ines  and the porous i n s e r t s  should be 
completely saturated w i t h  deaired water. The drainage I ines 
should be as  short as possible and made of thick-walled, small- 
bore tubing t o  insure minimum e l a s t i c  changes i n  volume due t o  
changes i n  pressure. Valves in the drainage l ines  (valves E, F, 
and G i n  Figure 5) should preferably be of a type which will 
cause no discernible  change of internal volume when operated. 
While mounting the specimen i n  the compression chamber, care 
should be exercised t o  avoid entrapping any a i r  beneath the 
membrane o r  between the specimen and the base and cap. 
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Figure 5.--Schematic diagram of typical triaxial compression 
apparatus for hydraulic conductivity tests with 
back pressure. 
Source: U . S .  Army Corps of Engineers, 1970 
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I .  6. For ease and uniformity of saturat ion,  as well as t o  allow 

volume changes during consolidation t o  be measured w i t h  the 
buret te ,  specimens should be completely saturated before any 
appreciable consolidation i s  permitted; therefore,  the 
difference between the chamber pressure and the back pressure 
should not exceed 5 psi d u r i n g  the saturation phase. To insure 
t h a t  a specimen i s  not prestressed during the saturation phase, 
the back pressure must be applied i n  small increments, w i t h  
adequate time between increments t o  permit equal i za t i  on of pore 
water pressure throughout the specimen. 

7. W i t h  a l l  valves closed, adjust  the pressure regulators t o  a 
chamber pressure of about 7 psi and a back pressure of about 2 
ps i .  Now open valve A t o  apply the preset pressure t o  the 
chamber f l u i d  and simultaneously open valve F t o  apply the back 
pressure through the specimen cap. Immediately open valve G and 
read and record the pore pressure a t  the specimen base. When 
the  measured pore pressure becomes essent ia l ly  constant,  close 
valves F and G and record the burette reading. 

/ 

, ... \ 

8. Using the technique described i n  Step 3 ,  increase the chamber 
pressure and the back pressure i n  increments, maintaining the 
back pressure a t  about 5 psi l e s s  than the chamber pressure. 
The s i z e  of each increment might be 5, 10, o r  even 20 psi, 
depending on the compressibility of the soi l  specimen and the 
magnitude of the desired consolidation pressure. Open valve G 
and measure the pore pressure a t  the base immediately upon 
application of each increment of back pressure and observe the 
pore pressure unt i l  i t  becomes essent ia l ly  constant. The time 
required f o r  s tab i l iza t ion  of the pore pressure may range from a 
few minutes t o  several hours depending on the permeability of 
the s o i l .  Continue adding increments of chamber pressure and 
back pressure unt i l  , under any increment, the pore pressure 
reading equals the applied back pressure immediately upon 
opening valve G. 

9. Verify the completeness of saturation by closing valve F and 
increasing the chamber pressure by about 5 psi. The specimen 
shal l  not be considered completely saturated unless the increase 
i n  pore pressure immediately equals the increase i n  chamber 
pressure. 

10. When the specimen is  completely saturated,  increase the chamber 
pressure w i t h  the drainage valves closed t o  a t t a i n  the  desired 
e f fec t ive  consol idation pressure (chamber pressure minus back 
pressure).  A t  zero elapsed time, open valves E and F. 

11. Record time, dial  indicator  reading, and burette reading a t  
elapsed times of 0 ,  15, and 30 sec, 1, 2,  4 ,  8 ,  and 15 m i n ,  and 
1, 2 ,  4 ,  and 8 hr, etc.  Plot the dial  indicator readings and 
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12. 

13. 

buret te  readings on an arithmetic scale versus elapsed time on a 
log scale. When the consol idation curves indicate tha t  primary 
consolidation i s  complete, close valves E and F. 

Apply a pressure t o  burette B greater  than that  in buret te  A. 
The difference between the pressures in burettes B and A i s  
equal t o  the head loss (h); h divided by the height of the 
specimen a f t e r  consolidation (L)  i s  the hydraulic gradient. The 
difference between the two pressures should be kept as  small as  
practicable,  consistent w i t h  the requirement that  the r a t e  of 
flow be large enough t o  make accurate measurements of the 
quantity of flow within a reasonable period of time. Because 
the difference in the two pressures may be very small i n  
comparison t o  the pressures a t  the ends of the specimen, and 
because the head loss must be maintained constant throughout the 
t e s t ,  the difference between the pressures within the burettes 
must be measured accurately; a di f fe ren t ia l  pressure gage i s  
very useful f o r  t h i s  purpose. The difference between the 
elevations of the water within the burettes should a l so  be 
considered '(1 in. of water = 0.036 psi of pressure). 

Open valves D and F. Record the burette readings a t  any zero 
elapsed time. Make readings of burettes A and B and of 
temperature a t  various elapsed times (the interval between 
successive readings depends upon the permeability of the so i l  
and the dimensions of the specimen). Plot ari thmetically the 
change i n  readings of both burettes versus time. Continue 
making readings u n t i l  the  two curves become paral le l  'and 
s t r a igh t  over a suff ic ient  length of time t o  determine 
accurately the r a t e  of flow as  indicated by the slope of the 
curves. 

2.8.5 Calculations: The hydraulic conductivity can be calculated 
using Equation (8). 

2.9  Pressure-chamber permeameter method: 

2.9.1 Applicability: This method can be used t o  determine 
hydraulic conductivity of a wide range of so i l s .  Undisturbed and 
disturbed sampl es can be tested under fa1 1 ing-head conditions usi ng th i  s 
method. T h i s  method i s  also applicable t o  both coarse- and fine-grained 
s o i l s ,  including remolded, fine-grained materials. 

2.9.2 Apparatus: The apparatus, shown in Figure 6,  consists of 

1. Pressure chamber; 

2.  Standpipe; 

3 .  Specimen cap and base; and 

4. Coarse porous plates.  
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Figure 6.--Pressure chamber f o r  hydraulic 
conductivity. 
Source: U. S: Army C o r D s  of Engineers, 
1980. 
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The apparatus i s  capable of applying confining pressure t o  simulate f i e ld  
s t r e s s  conditions. 

2 .9 .3  Sample preparation: The sample preparation of disturbed and 
undisturbed conditions can be prepared in the  chamber and enclosed within 
the  rubber membrane, a s  discussed in Section 2.8.4.  

2 .9 .4  Test procedure: 

1. By adjusting the leveling bulb, a confining pressure i s  applied 
t o  the sample such that  the s t r e s s  conditions represent f i e ld  
conditions. For higher confining pressure, compressed a i r  may 
be used. 

2.  Allow the sample t o  consolidate under the applied s t r e s s  until  
the end of primary consolidation. 

3 .  Flush water through the sample unt i l  no indication of a i r  
bubbles i s  observed. For higher head of water, compressed a i r  
may be used. 

4 .  Adjust the  head of water t o  a t t a in  a desired hydraulic gradient. 

5. Measure and record the head drop i n  the  standpipe along with 
elapsed time until  the plot of logarithm of head versus time i s  
1 i near f o r  more than three consecutive readi ngs. 

2.9.5 Calculations: The hydraulic conductivity can be determined 
using Equation (9).  

2.10 Sources of e r ro r  for laboratory t e s t  fo r  hydraulic conductivity: 
There a re  numerous potential  sources of e r ro r  in  laboratory t e s t s  fo r  
hydraul i c conductivity. Fixed-wall permeameters may have probl ems with 
sidewall leakage, causing higher values of hydraulic conductivity. Flexible- 
membrane permeameters may yield mi sl  eadi ngly 1 ow Val ues f o r  hydraul i c 
conductivity when tes t ing  w i t h  a leachate tha t  causes contraction and 
shrinkage cracks in the sample because the membrane sh'rinks w i t h  the sample. 
Table B summarizes some potential  errors t ha t  can occur. Olsen and Daniel 
(1981) provide a more detai led explanation of sources of these e r rors  and 
methods t o  minimize them. If  the hydraulic conductivity does not f a l l  within 
the expected range fo r  the so i l  type, as given i n  Table C,  the measurement 
should be repeated a f t e r  checking the source of e r ro r  in Table B. 
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TABLE B . > .  ’ 

SUMMARY OF PUBLISHED DATA ON POTENTIAL ERRORS 
IN USING DATA FROM 

LABORATORY PERMEABILITY TESTS ON SATURATED SOILS 
-. 

Measured K 
Source of Error (References) Too Low o r  Too High? 

1. 

2. 

Voids formed i n  sample preparation 
(Olsen and Daniel , 1981). 

Smear zone formed during trimming 

High 

Low (Olsen and Daniel , 1981). . 

3 .  Use of d i s t i l l e d  water as  a 
permeant (Fi reman , 1944; and 
Wi 1 k i  nson , 1969) . Low 

4. Air i n  sample (Johnson, 1954) Low 

5. Growth of micro-organisms 
(A1 1 i son , 1947). Low 

6. Use of excessive hydraulic 
gradient (Schwartzendruber, 1968; 
and Mitchell and Younger, 1967). 

Use of temperature other  than the 
t e s t  temperature. Varies 

Low or  High 
I -  . ,.-..%. 7. 

8. Ignoring volume change due t o  
s t r e s s  change , w i t h  no confining 
pressure used. High 

than in-situ t e s t s  (Olsen and 
Daniel , 1981). Usually Low 

9. Performing 1 aboratory ra ther  

10. Impedance caused by the test  
apparatus , including the 
resis tance of the screen or  
porous stone used t o  support 
the sample. Low 
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TABLE C 

(In Feet Per Day) 
HYDRAULIC CONDUCTIVITIES ESTIMATED FROM GMIN-SIZE DESCRIPTIONS 

-- - 
Grain-Size Class o r  Range Degree of Sorting S i l t  Content 
From Sample Description Poor Moderate Well S l igh t  Moderate High  

Fi  ne-Grai ned Materi a1 s 

C1 ay 
S i l t ,  clayey 
S i l t ,  s l i g h t l y  sandy 
Si 1 t , moderately sandy 
S i l t ,  very sandy 
Sandy s i l t  
S i l t y  sand 

Sands and qravel s (1) 

Very 
Very 
Very 
Very 
Very 
Very 
Very 
Very 
Fine 
Fine 
Fine 
Fine 
Fine 
Fine 
Fine 

f i n e  sand 
f i n e  t o  f i n e  sand 
f i n e  t o  medium sand 
f i n e  t o  coarse sand 
f i n e  t o  very coarse sand 
f i n e  sand t o  f i n e  gravel 
f i n e  sand t o  medium gravel 
f i n e  sand t o  coarse gravel 
sand 
t o  medium sand 
t o  coarse sand 
t o  very coarse sand 
sand t o  f i n e  gravel 
sand t o  medium gravel 
sand t o  coarse gravel 

Medium sand 
Medium t o  coarse sand 
Medium t o  very coarse sand 
Medium sand t o  f i n e  gravel 
Medium sand t o  medium gravel 
Medium sand t o  coarse gravel 
Coarse sand 
Coarse t o  very coarse sand 
Coarse sand t o  f i n e  gravel 
Coarse sand t o  medium gravel 
Coarse sand t o  coarse gravel 

13 
27 
36 
48 
59 
76 
99 

128 
27 
53 
57 
70 
88 

114 
145 
67 
74 
84 

103 
131 
164 
80 
94 

116 
147 
184 

20 
27 

41-47 - - - - 
- 
40 
67 

65-72 - 
- 
- 
- 
80 
94 

98-111 - - 
- 

107 
134 

136-156 - 
- 

Less than .001 
1 - 4  

5 
7 - 8  
9 - 11 
11 
13 

23 
24 
32 
40 
51 
67 
80 

107 
33 
48 
53 
60 
74 
94 

107 
64 
72 
71 
84 

114 
134 
94 
94 

107 
114 
134 

-- 

19 13 
20 13 
27 21 
31 24 
40 29 
52 38 
66 49 
86 64 
27 20 
39 30 
43 32 
47 35 
59 44 
75 57 
87 72 
51 40 
57 42 
61 49 
68 52 
82 66 

108 82 
74 53 
75 57 
88 68 
94 74 

100 92 
~~ ~ 

(1) Reduce by 10 percent i f  grains a r e  subangular. 
Source: Lappala (1978). 

(conti nued) 
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Grain-Size Class o r  Range Degree of Sorting S i l t  Content 
, .  From Sample Description . Poor Moderate Well Sl ight  Moderate High 

4 -  

Sands and Gravel s (1) 

Very coarse sand 107 
Very coarse sand t o  f ine  gravel 134 
Very coarse sand t o  medium gravel 1270 
Very coarse sand t o  coarse gravel 207 
Fine gravel 160 
Fine t o  medium gravel 201 
Fine t o  coarse gravel 245 

Coarse gravel 334 

Medi um gravel 24 1 
Medium t o  coarse gravel 294 

147 
214 

199-227 - 
214 
334 

289-334 
23 1 
468 
468 

187 114 94 - 120 104 
- 147 123 - 160 132 

267 227 140 - 20 1 167 
- 234 189 

401 24 1 201 - 294 243 
602 334 284 

74 
87 
99 

104 
107 
134 
144 
160 
191 
234 

(1) Reduce by 10 percent i f  grains are  subangular. 
Source : Lappa1 a (1978). 
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TIMCO'" LYSIMETER MANUAL 

TIMCO'" Lysimeter Configuration 

TIMCO'" HEAD ASSEMBLY 
H VacuurnJpressure gauge 
H Teflon@ tap for sample line 
H Teflon@ tap for gauge & 

vacu um/pressure line 

CONCRETE SURFACE SEAL 

BENTONITE SEAL 

TIMCO'" DEKA-SEAL'" CAS NG 

BACKFl LL 

CONNECTING TUBES 

TIMCO'" CENTRALIZER 
H Solid Teflon@, PVC, or 

Stainless Steel 

BENTONITE SEAL 

GRANULAR SAND 

TIMCO'" SELECT SILICA FLOUR 
200 mesh, 99.88% pure 
Mixed with distilled water 

TIMCO'" POROUS CERAMIC FILTER 
Threaded construction with 

TI MCO'" LY S I M ETER 

O-ring seals. 

851 15th Street Prairie du Sac, Wisconsin Timco Manufacturing Inc. P.O. Box 8 
Toll Free 1-800-236-8534 i" ic:c, tz 608-643-8534 . .  
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I NTR OD UCTlON 

TIMCO"" Manufacturing Inc. began manufacturing well screens in 1970. This was in response to 
expressed market needs for better quality materials to be used for water and monitoring wells. Associated 
geotechnical products were designed, evaluated and subsequently marketed.. 

Over the years TIMCO" has led the industry with innovative products and manufacturing techniques. 
TIMCO" was the first company to introduce flush threaded joints for well screens and casing. This 
provided the industry with a jointing system strong enough to allow placement of flush wells down to a 
depth of over 2.000 feet without the use of solvents. 

Current developments in ground water monitoring techniques using the fluorocarbonTeflon@ were 
originated by TIMCO" . TIMCO" developed extruders for the casing material and special techniques to 
slot this totally inert man-made material. Later TIMCO" developed and patented the process to 
manufacture Teflon@ in a porous form. This material is used as a porous media in the TIMCO"" Lysimeter 
System, the subject of this application manual. 

TIMCO" has an active program of research and development. This is conducted at the principal 
facility in Prairie du Sac, Wisconsin. In addition, TlMCO" continues to support research at leading 
institutions concerned with the.development of techniques to monitor one of our most valuable resources 
-the groundwater. 

at the address below. 
If you have any suggestions or ideas you would like to share with us, please give us a call or write to us 

President 

Timco Manufacturing Inc. 
851 Fifteenth Street 
Prairie du Sac, Wisconsin 
53578, USA 
Telephone - 608-643-8534 
Toll Free - 800-236-8534 
FAX - 608-6.43-4275 

c: 194' 



, .  
. , i , ,  

! ; ', . 
TIMCO' 0 4333 

TIMCO'" LYSIMETER MANUAL 
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0 PER AT1 NG PR I N C I P LES 

The TIMCO" Lysimeter System is designed for long term use in one location. Care must be taken with the 
installation to ensure correct operation for a long period. The assembled system should be checked for 
leaks prior to being put in the ground. 

A tube or cup type Lysimeter has an outside diameter of 1.9" and should be placed in boreholes of at least 
6 in diameter, this allows for an adequate silica slurry pack to surround the Lysimeter. 

The Lysimeter has the vacuum/pressure outlet marked on the Lysimeter top plug. This connection leads to 
the vacuum gauge on the head assembly. It allows a vacuum to be applied to the system, thereby creating 
a vacuum gradient between the inside of the Lysimeter, the slurry pack, and the soil under investigation. 
The second marked connection is the sample evacuation tube. This is connected to the head assembly 
sample line. 

The specification of the silica flour used to surround the installed Lysimeter is optional and can be 
purchased from TIMCO". If a 6 borehole is used, a single 50 Ib. pail will be sufficient for each Lysimeter - 
installation. The silica slurry is used to establish a continuum between the Lysimeter and the surrounding 
soil. Since the TIMCO" silica is not water soluble, it immediately begins to separate itself from the distilled 
water. When placed in the ground the water migrates into the soil and establishes the continuity required 
for surface tension to be transmitted in an outward direction upon applicatipn of a vacuum. This allows any 
moisture attached to the soil particles to be drawn into the Lysimeter through the silica pack. 

It must be mentioned here that TIMCO" suggests that the use of silica flour in a Lysimeter installation is 
optional. Alternate materials can be used in establishing continuity between the porous filter and the soils 
under investigation. Sifted or filtered backfill can be used with TIMCO" Lysimeters. 

TIMCO" manufactures a variety of Lysimeters for use in vadose zone investigations. The Ceramic Filter 
models and TelfonQ Filter models have different applications and varied situations within an application. 
Typically the Teflon@ Filter models are used in saturated vadose zone situations like golf courses or 
irrigated farmland, and the Ceramic Filter models are used in dry soil conditions. The cup-type models 
(filter media in cup form at the bottom of Lysimeter) will pull a sample from a larger area than the tube 
type. The tube-type (filter media in the center of Lysimeter) insures the sample will not migrate back into 
the soil. The Shallow Sampling Lysimeter is designed for placement at 20 feet or less. For installations at 
depths of 20 feet to 300 feet a Deep Sampling Lysimeter is required. While all models are manufactured to 
the highest quality standards, TIMCO" cautions the user to be careful in the choice of a Lysimeter, and to 
be certain the choice made is one that is compatible with the Lysimeter capability. 

TIMCO" 
Cup Type Lysimeter 

Ceramic Filters with PVC Bodies 

TIMCO" 
Deep Sampling Lysimeter 

Tube Type 

TtMC0'- TI MC 0'- .. 4 1;: f 6 Tube Type Lysimcler 
La. 

Deep Sampling Lysinlclcr 
CUP Type 
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. SYSTEM REQUIREMENTS 

The following items will be required for a typical TIMCO” Lysimeter Installation up to 20 feet 
beneath the ground surface. 

A TIMCO” Shallow Cup-Type or Tube-Type Lysimeter 

A TIMCO” Lysimeter Head Assembly 

A 50 Ib. Pail of TIMCO” Silica Flour (200 mesh, 99.88Y0 pure) 

0 Up to 40 feet of Teflon@ or Polyethylene Tubing, and tube groover 

A TIMCO” Vacuum/Pressure Hand Pump 

Up to 20 feet of TIMCO” Deka-Seal”, Teflon@, or PVC flush threaded casing 

TIMCO” Surface Protective Cover 

Additional items not provided by TIMCO“ : 

Chemicals and distilled water for decontamination (optional) 

Distilled water for pressure testing, de-airing and prefilling 

Plastic gloves for handling the decontaminated system 

A latex membrane for vacuum testing the system 

Clean plastic bags to wrap the assembled system for transfer to the installation site 

2 gallons of distilled water for each 50 Ib. pail of TIMCO“ Silica Flour 

A large clean silica flour mixing container 

A large rigid spatula to mix the silica slurry 

A clean sample collection container with a 2 port stopper seal compatible with the TIMCO” Teflon@ 

Bentonite to seal the borehole above the Lysimeter 

A padlock for the protective cover 

tubing. The capacity should be greater than that of the Lysimeter. 
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ASSEMBLING THE LYSIMETER 

If properly installed, the typical Lysimeter system will be expected to produce representative samples for several 
decades. It is therefore important to check out the system thoroughly before taking it to the installation site. 
Prior to installation the system should be pressure and/or vacuum tested to ensure it is leak free. 

The Lysimeter system components supplied by TIMCO" are cleaned and packed in plastic bags. They have not 
been subjected to the rigorous decontamination procedures required for equipment used to obtain samples for 
subsequent micro-analysis of trace pollutants. If complete decontamination is required, see the section titled 
"Decontamination Procedures" and/or follow those specified for the specific job. Note: If the Lysimeter body is 
decontaminated it will be necessary to pass at least 2 liters of distilled water through the porous section to 
ensure complete removal of liquids used for the decontamination. After this procedure is completed, the 
components should be bagged. Subsequent handling should be done in a clean area using sterile gloves. 

The system components supplied are manufactured by TIMCO"' to satisfy the requirements of the order. 
Mixing these with components from other sources may lead to incompatibility problems resulting in leakage or 
failure of the Lysimeter system. 

Assembly of Tubing to Fittings 
Tubing, because of its slippery nature and rigidity, has to be specially grooved before a fitting is attached. 
Failure to do so will allow the tubing to slip out of the fitting and cause leakage. TIMCO"' normally grooves 
each end of the-tubing supplied with the order. If the installation requires the tubing to be shortened the new 
end will need to be grooved using a special grooving tool available from TIMCO"' . The tool not only cuts the 
groove but also places the groove at the correct distance from the end of the tube. 

Assembling the System 
1) As mentioned earlier, it is suggested the complete system be assembled away from the installation site. This 

will allow for the assembly and testing under clean conditions. The assembled Lysimeter may then be easily 
placed at the job site. 

2) Attach the vacuum/pressure and sample evacuation lines to the Lysimeter top plug. If necessary cut each to 
length, making certain the cuts are clean and vertical to the horizontal length of the tubing. 

3) Follow the previous instructions for the grooving. Note the vacuum/pressure outlet ,at the top of the Lysimeter 
plug is marked with a "V". Make certain the other end of the tube connected to this fitting is suitably marked 
or tagged. (A piece of tape works well.) This will assure the tubing is correctly connected to the TIMCO" 
Head Assembly. 

4) I f  the installation is to involve threaded casing, assemble it at this time. 

5) Pass the two tubes from the Lysimeter through the casing string. 

6) To complete the assembly attach the sample evacuation and vacuum/pressure lines to the bottom of the head 
assembly. The TIMCO" vacuum/pressure hand pump is connected on the vacuum mode. The black female 
hose connector should be used to attach the end of the tubing to the hand pump (black end). 
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TESTING THE SYSTEM 

Effective use of the Lysimeter Systems requires there be no air leaks. Two methods are described to check 
the assembled system for leaks.' 

Pressure Testing 
Completely immerse the Lysimeter and the tubing connections in distilled water. Connect the pressure 
outlet of the TIMCO" hand pump to the vacuum/pressure line fitting on the head assembly. Close the 
sample port on the head assembly. Apply 15 psi of air pressure. Observe all connections for evidence of 
bubble leakage. The porous filter section should give off bubbles over its entire surface area. If leaks are 
observed in !he tubing fittings, dissemble and check for correct assembly and retighten. Leaks at the fitting 
connections to the Lysimeter body or the head assembly may be wrapped with Teflon@ tape prior to 
reassembly. Leaks involving the body components of the Lysimeter should be checked for cleanliness, 
particularly the surface that touches the O-rings. 

Vacuum Testing 
The porous filter media of the Lysimeter body is sealed off with a latex or flexible plastic membrane. 
Secure a seal by placing rubber bands over the membrane and securing it to the body of the Lysimeter 
above the porous filter. Shut off  the sample valve. Connect the vacuum inlet of the pump to the 
vacuum/pressure port on the head assembly, and apply a vacuum in excess of 20 inches of mercury. Shut 
off the vacuum valve. Note the vacuum reading on the gauge. Leave the system for several hours and then 
recheck the vacuum reading. A small drop of up to 3 inches of mercury may be expected. If a large drop is 
noted, check and retighten all connections as described above. 

Prewetting the Porous Filter Media 
Finally, before taking the assembled Lysimeter system to the installation site, TIMCO" recommends that 
the Lysimeter body be placed in distilled water and a vacuum of about 15 inches of mercury be applied for 
1 hour. This procedure prevents all surfaces of the porous filter media, eliminating any entrapped air in the 
filter media. The Lysimeter should be installed with the body filled with distilled water if no riser casing is 
used. An empty, unsupported Lysimeter will float on the wet silica slurry when placed in the borehole. 

'Note - All TIMCO" Lysimeters are tested at TIMCO" prior to shipping. Fittings may loosen during 
transit . 
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INSTALLATION AND EVACUATION OF THE SHALLOW LYSIMETER 
The installation of a TIMCO!' Lysimeter System should be in accordance with the following procedure. It 
is suitable for depths of up to 20 feet. For greater depths a TIMCO" Deep-Sampling Lysimeter should be 
used. 

1.) Borehole Preparation 
The borehole must provide adequate space to allow the Lysimeter body to be surrounded by the silica 
slurry pack. For a.1.9 diameter Lysimeter use a 6" or larger borehole. The borehole must allow for at least 
a 1.5 thickness of silica slurry all around the porous filter of the Lysimeter. If difficulties are anticipated in 
maintaining an open borehole, use casing to hold back the material. Immediately after installation of the 
silica pack and Lysimeter, pull back the casing and install a bentonite plug. 

2.) Mixing the Silica Flour Slurry 
The TIMCO" 200 mesh, 99.88% pure crystalline silica flour is mixed with distilled water using a ratio of 150 
mls. water to 450 grams of silica flour. The TIMCON Silica Flour is supplied in a 50 Ib. sealed pail. This will 
require about 2 gallons of distilled water to make the slurry and will be sufficient for a single Lysimeter 
installation on a 6" borehole. Add the flour slowly to the distilled water with constant stirring. The mix must 
be completely blended and lumpfree. Constant stirring is essential as the silica is not water soluble and will 
settle if not agitated. 

3.) Placing the Silica Slurry Pack 
Pour part of the silica slurry into the borehole to provide a bed for the Lysimeter. A minimum of 4" depth 
for the cup-type Lysimeter and 2" for the tube-type Lysimeter. Depending upon the borehole diameter, 
between a quarter and a third of the total mix is usually sufficient. 

The TIMCO" Lysimeter System should now be lowered into the borehole. Take particular care to make 
certain that the Lysimeter body is centrally located within the borehole diameter. A minimum of 1.5" of 
silica slurry around the annular area of the unit is essential. TIMCO" suggests Deka-Seal@ casing be used 
for support and accurate placement. Centralizers will also assure correct placement. 

The balance of the silica slurry should now be poured into the borehole to completely cover and surround 
the Lysimeter body. Note that you must have the Lysimeter in intimate contact with the silica slurry and the 
slurry must fill all voids in the bottom of the borehole. The Lysimeter should be supported at the surface 
with stakes for at least 2 hours until the silica sets. 

A bentonite seal should be installed next, followed by tamped backfill. A second bentonite seal is 
suggested near the surface. Protection at the surface can be achieved with the .TIMCOT" Lysimeter Head 
Assembly and a TIMCO" Protective Cover set in concrete. 

4.) Activating the Lysimeter 

I! the Lysimeter was filled with distilled water before installation, this should now be removed and 
discarded. TIMCO" recommends the use of a two port rubber stopper in a collection flask. The flask 
should be of adequate size to hold the sample from a full Lysimeter. This method is unlikely to disturb the 
silica pack and break the seal between the pack and the porous section of the Lysimeter which would 
result in a Lysimeter. system failure. 

* ..; 6 2, r i l .  193 .% 
. ' . i  ., . .  .. .# . . 
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1. Close the vacuum/pressure valve and open the sample valve on the head assembly 

2. Attach the tube from the sample port on the head assembly to the hole in.the rubber stopper. 

3. Attach the second tube from the flask to the vacuum/pressure inlet on the TIMCO'" Hand Pump. 

4. Apply a gentle vacuum to the system, the distilled water will flow into the collection flask. 

(Tube to protube about 1" into the flask.) 

(Tube to be flush with the bottom of the rubber stopper.) 

(See illustration) 

5.) Evacuating the Lysimeter 

After removing the distilled water from the Lysimeter you are ready to charge the Lysimeter to obtain a 
sample. If you start the charging procedure immediately after installation, it will be neccesary to discard 
the distilled water used to make up the silica pack. ('Remove a water volume equivalent to approximately 
one third of that used to make up the slurry.) If the installation is left for a few days, the water in the silica 
pack will migrate into the surrounding soil and establish the continuity needed between the porous filter 
media and the soil. Samples collected in this situation should be considered representative. 

1. Close the vacuum/pressure valve and open the sample valve on the head assembly. 

2. Continue applying a gentle vacuum to the Lysimeter until a reading of 18-21 inches of mercury is 

3. When the gauge reads 10 inches of mercury or less. evacuation of water should be attempted. (Up to 

reached. Quickly close the sample port. 

24 hours may be needed.) 

*Example: Using 2 gallons (7570 mid.) to mix the silica slurry would mean that the first .6 gallons (2271 
mls.) of distilled water should be discarded. 

Vacuum /Pressure 

Pressure Port 

<=dl - 
Timco" Hand Pump I 

Vacuum Port 

Head Assembly Collection Flask 

Sample capacity: 1.9" Cup-Type 400 MLS 
1.9" Tube-Type 550 MLS 
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TIMCO” Deep-Sampling Cup and Tube Type Lysimeters 

The TIMCO”’ Deep-Sampling Lysimeters are used when the area to be investigated is deeper than 20 feet. 
The maximum operational depth is 300 feet. This system is operated exactly the same as a shallow 
installation except that pressure must be used to evacuate the sample. All instructions for installation, and 
activating the system are the same as the shallow installation. 

If sampling deeper than 100 feet, the pressure supplied by the hand pump may not be sufficent to remove 
the sample. A pressure of .44 psi is required for each foot of depth. A portable mitrogen tank of air 
compressor may be used as an alternate pressure source. 

Evacuating the Deep-Sampling Lysimeter 

1) Open the sample evacuation valve and the vacuum/pressure valve. 

2) Connect the pressure outlet of the TIMCO” Hand Pump to the vacuum/pressure port of the 

3) Gently increase pressure until 9 psi is achieved to lift the sample into the holding chamber of the 

head assembly. 

Deep-Sampling Lysimeter. (If 9 psi were applied instantly, it is possible the silica pack would be 
damaged resulting in a Lysimeter system failure.) 

4) Apply the correct amount of pressure required to lift the sample to the surface and into a collection 
flask. (Example: 100 feet x .44 psi = 44 psi of lift to evacuate the Lysimeter.) 
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Lysimeter 

Head Assembly 
LYSIMETER ACCESSORIES 

Lysimeter Head Assembly 
Designed to fit the top of the casing string. It includes a 
vacuum/pressure gauge, a valve for the sample evacuation line and a 
valve for the vacuum/pressure line. All are inclosed in a protective slip 

Vacuum/Pressure Hand Pump Hand Pump 

The pump is used to apply a vacuum to the Lysimeter during extraction 
phase and pressure to deliver the sample to the surface. 

TIMCO" Silica Flour 
TIMCO" Silica Flour has been found to be the best for use with 
TIMCO" Lysimeters. It is 200 mesh, 99.88% pure silica flour, available 
in 50 Ib. sealed pails. 

Tubing 
For connection of vacuum/pressure and sample evacuation lines. 
Teflon@ or polyethylene tubing is recommended. 

TIMCO" Deka-Seal Casing 
Available in PVC or Teflon@ . Will thread directly on to the Lysimeter to 
direct casing string within the center of borehole. Conduit for 
vacuum/pressure and sample tubing. 

TIMCO" Centralizers 
Varisize for PVC installations. Cloverleaf for Teflon@ installations. 
Recommended for depths greater than 20 feet. 

Steel Protective Cover 

PVC 

Cloverleaf 
(Specify Borehole) 

6 TIMCO" Protective Cover 

A locking cover for protection against weather and vandalism. 

Tube Groover 

If the installation requires thq tubing to be cut, the new end will need to 
be grooved. The tool cuts ana plac$s,tF groove at the correct distance 202 r l  . *:t from the end of the tubing. 8 , .' ..- 
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CLEANING AND DECONTAMINATION 
The following advice is provided by TIMCOm. TIMCO” can assume no liabilityand provides no guarantee the 
procedures will ensure that a TIMCO” product has been 1000/0 cleaned. TIMCO” does however believe the 
procedures will give the proper purity characteristic required under state of the art conditions. 

Teflon@ & Ceramic Components 
Step 1 - Disassemble all components. 

Step 2 - Prepare a normal solution of Hydrochloric Acid. 

Step 3 - Rinse all components in distilled water. 

Step 4- Submerge all components in this solution for 30 minutes minimum. Use a tool to remove from the 
solution. Soak in distilled water. 

(120 g. concentrated HCL diluted in 1 liter distilled water). 

Step 5 - Resubmerge the components in clean water at least 2 more times to remove all traces of 

Step 6 -TIMCO” believes an additional step of an Isopropyl Alcohol (IPA) bath and then another bath of 

Hydrochloric Acid. 

Hydrogen Peroxide sho,uld render the equipment clean. 

Step 7 - In all cases a final rinse in distilled, deionized water should ensure that the device is then 
suitable for representative Sampling. 

PVC Components 
Step 1 - All products must be thoroughly cleaned of loose PVC particles, machining burrs and any other 

loose materials both inside and out. 
(Timco normally does this with all products shipped, but occasionally mistakes happen). 

Step 2 - Prepare asuitable Isopropyl Alcohol (IPA) bath which will allow total immersion of the product to 

Step 3 - Allow products to remain fully immersed for a period of no less than 10 minutes. 

Step 4 - Remove products with clean surgical gloves to reduce chances of new contamination. Allow 

be decomtaminated. 

excess IPA to drain off. 
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Water Level Measurements - Metal Tape 

The stee! upe rnerhoci for measuring the deixh to water is a simple md reliable mehod in observstion 
wells between 1 - 1 2  and 6 inches in diameter. The steel tape method utilizes a steel upe with a popper. 
The popper is a metal cylinder 1 to 1-1/2 inches in diameter and 2 to 3 inches long with 3 concave 
undersurface and is fastened to the end of a steel tape. The steel tape with a popper is used in the 

i 

1 

4 

J 

6 

following m e r .  1 

Chalk the steel tape with either carpenter’s chalk or ordinary blackboard chalk which changes 
shade upon becoming wet. 

Exrend the chalked steel tape with a popper into the well. A few inches above the water the 
popper should be dropped to hit the water surface, where it will make a distinct “pop.” 

Adjust the length of the tape to determine the point 3t which the popper just hits the surface. 

Extend a portion of the chalked tape below the water surface. Take a reading at 3 designated 
measuring point at the top of the casing. All water level measurements shall be taken From the 
same measuring point. 

Retract the metal tape. The line of the color change of the chalked portion of the tape denotes 
the length of tape immersed in water. 

Subtract the’length of color change of the chalked portion of the tape from the readins at the 
measuring point for the depth to water. 

8 

9 

10 

11 

I:! 

13 

14 

15 

16 

17 

18 

19 

30 

21 

z2 

13 

3 

3 

36 

Cascading water in a well may mask the mark of the me water level on the tape. In smdldiamerer 37 

wells, the volume of the weight may cause the water level to rise in the pipe, and the mauiement may rn 
be somewhat inaccurate. Operating noises and lack of ciearance may hinder the use of poppers. 29 

Y) 

Source: Bureau of Reciamation, 198 1. Groundwater Manual, Revised Edinon, U. S. Depanmenr 31 

of the Inrerior. Washington, D.C.: U.S. Government Printing Office. It 
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Testing of Observation Wells 

To determine the response to changing water stages, each observation well or piezometer should be tested 
as follows: 

1) Inject a known volume of water into each well and measure subsequent decline of water level. 
The initial rise of water should be dissipated within a few minutes (to within about 0.01 of the 
initial rise) if the observation well is to reflect changes of head in the aquifer during the test. 

2) Total depth, diameter, and screened interval should be known for each observation well'and 
recorded in the field log book. 

I, 

3) Radial distances from the control well to each observation well shall be rnesured. 

Source: Bureau of Reclamation, 1981. Groundwater Manual. Revised Edinon, U.S. 
Department of the Interior. Washington, D.C.: U.S. Government Printing 
mce. 

. -  

Stallman, R.W., 1971. Aqrufer Test Design, Observation, and Dara Analysis. 
Technicians of Water Resources Investigations of the US. Geological Survey, 
Book 3, Chapter B1. 
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The Bureau of Reclaninriorr o/ the L!.S. Oepnrtnirnt o/ the Interior 
is resporrsihle /or the derelopnient and conserrntiori the .J'arion:F 
umtpr rrsoiirws in the IT'esterri L-nitecl Stntes .  

The Bitrencch original purpose "to prot ide  /or t h e  reclnmntion oj arid 
and semiarid lands in the West" today covers n w i d e  range o/ 
interrelated Junctions. These include providing municipal and 
industrial water supplies: hydroelectric power generation: irrigation 
water /or ngriculture; water quality improvement: flood control: river 
noi*igation: river regulation and control: fish and  wildlife enhance- 
nitwt: outdoor recreation: and research on water-related design. 
construction. materinls. atrno.spheric management. and wind a n d  solar 
power. 

Bureau programs r n m t  jrequently are the resitlt of close cooperation 
w i t h  the  V.S. Congress. o iher  Federnl  agencies. Sta tes .  local 
gocernmrnrs. academic institutions. uater-user orpni;ations. and 
ot her concerned groups. 

Any use of trade names and trademarks in this publication is for descriptive 
purposes only and does nor constitute endorsement by the Bureau of 
Reclamation. 

The  informatinti conta ined  i n  t h i s  report regarding conimercial 
products or  firm. nia! not be used for advertising or promotional 
purpo-es and is not to he ronstrired rls an entlorsement o f  an! product 
or  firm Iiy the Bureau of Reclaniation. ~- ~ 
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PROCEDURE FOR 

CONSTANT HEAD HYDRAULIC CONDUCTIVITY TESTS 
IN SINGLE DRILL HOLES 

INTRODUCTION 

This .procedure is under rhe jurisdiction of the Gewechnical Services Brmch. code D- j760. Research and L3bor3tiry Services 
Division, Denver Office, Denver. Colorado. The procedure is issued under the fixed designation CSBR 7 3  10. The number imrnedisrely 
following the designation indicires the year of acceptance or the year of lasr revision. 

Although rhe term “permeabiliry” was used in all orher procedures in this manual pertaining to the c3paciry of rock or soil 
ro conduct a liquid. rhe similar term “hydraulic conductivity,” is used rhroughour this procedure. (See designzrion USBR j900 
for differences in meaning of the two terms.) 

Since geologic 3nd hydrologic conditions encountered during drilling are nor alu*ays predicrable 3nd may nor be ideal. variations 
from this procedure may be necessary‘ to suit the particular purpose of the rest. and conditions 3r rhe test site. hluch of the 
informarion for this procedure w3s taken from references [I] through 151,’ which contain addirional informarion on field hydraulic 
conductiviry resring. 

% 1. Scope 2. Auxiliary Tests 

1.1 This designation outlines the procedure for per- 1. forming rests to determine an approximate value of 
hydraulic conductiviry (permeability) of soil or rock in an 
isolated vertical or inclined interval of 3 drill hole (bore- 
holej, either 3bove or below the water table. Usually, the 
tests are performed as a part of the drilling program. This  

‘procedure can be used in holes of various diameters if 
suitable equipment is available, but N-size [?-in (76-mm)l  
nominal diameter drill holes are most commonly used.* 

The constant head, single drill hole test is based 
on the same theories as the steady-state or Theim-type 
aquifer test; and the same assumptions are made. These 
assumptions are: (1) the aquifer is homogeneous, isotropic, 
and of uniform thickness; ( 2 )  the well (test interval) fully 
penetrates the aquifer and receives or delivers water to 
the entire thickness; ( 3 )  discharge or inflow is constant 
and has continued for a sufficient duration for the hydraulic 
system to reach a steady state; and (4)  flow to or from 
the well is horizontal, radial, and laminar. Field conditions 
may nor meet a11 of these assumptions. Equations and other 
factors affecting the test are given in paragraph 14., 
Glcuhrions. This procedure should not be used for testing 
ioxic tvasre containment that requires a very low loss of 
liquid. 

Constant head hydraulic conductivity rests should 
be considered scientific rests. Great care should be exercised 
by those conducring the rests to eliminate as much error 
as possible. 

1.2 

1.3 

‘ Number it1 hr:icl;ers rcfrrs t o  rhr reference ’ Hert:dter refcrred I ~ I  2s N-size ht)lej. 

1245 

2.1 The soil or rock penetrated by the drill hole should 
be identified, described, and clssified horn samples +en 
during the drilling operation. Soil can be sampled in 
accordance with USBR 7010. 7015, or 7105 and classified 
in accordance with USBR 3000. Rock cores or cuttings 
should be examined and appropriate description and 
classificacion made. Data obtained from the drill hole shoald 
be entered on appropriate log forms. 

3. Applicable Documents 

3.1 L‘SBR Procedures: 
USBR 1040 Calibrating Pressure Gauges 
USBR 1050 Calibrating Pressure Transducers 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating to Soil Mechanics 
USBR 5000 Determining Unified Soil Classification 
(Laboratory Method) 
USBR 3005 Determining Unified Soil Classification 
(Visual Method) 
USBR 5600 Determining Permeability and Settlement 
of Soils [ S i n  ( 1 0 j - m m )  Diameter Cylinder] 
USBR 5603 Determinine Permeability and Setclement 
of Soils Containing Gravel 
USBR 7010 Performing Disturbed Soil Sampling Using 
Auger Roring Method 
USBR 7015 Performing Penetration Resistance Testing 
and Sampling of Soil 
USBR 7105 Performing ljndisturbed Soil Sampling by 
Mechanicnl Drilling Methods 
USBR 7 i O O  Performing Field Permeability Testing by ;T 
the Well Perinenmeter Merhod 



.i. I Pump-/ti res(.-Water is injected into an isolared 
inrerval of a dril l  hole in soil or rnck, and the volume 
of w x e r  injected is determined ior :I measured period of 
time. T h e  injection pressure is a constant gravicy heid, 
wirli or wichout added pressure heid provided by a hydraulic 
pump. T h e  hydraulic conducriviry is calculared from the 
tlow rate, l e n g h  and radius ot test interval in the Jrill 
hole, and effeccive h e ~ d .  

4.3 Arresiiln Tesr.-Where water under artesian 
pressure flows our of the drill hole, the effective (shur- 
in)  head at the resr interval is measured and the hydraulic 
conductivity calculated from rhe flow rate, rhe lengrh and 
radius-of rhe well, and the et'fecrive head. 

5 .  Significance and Use 

5.1 Hydraulic conductivity rests are made to obtain data 
related ro ( 3 )  identifying seepage potential and dewatering 
requirements, ( b )  drainage problems, (c) ground-wacer 
supply investigations, and (d)  grouting requiremenrs. The 
tests yield approximate values of hydraulic conductivity 
that are suitable for many engineering purposes. Reliabiliry 
of t h e  values  obta ined  depends  pr imari ly  on  ( a )  
homogeneity of rhe strata tested. (b l  suitability of rest 
equipmenr- used for a given condition, (c) care rake~i in 
performing the rest, and (d)  adherence to requirements 
for proper use of rhe equations. The rest is also used in 
formulating geologic descriptions and interpretation of 
material properries, particularly where rhere is poor sample 
recovery. 

5.2 Where rests are performed in fractured rock. results 
could reflecr secondary conductivity rares which would not 
represent primary conductivity of the intact mass. When 
the cest is performed in fractured, brittle, swelling clay 
or rock, or where fractures contain loose material, hydraulic 
conductivity may be reduced and judgment should be used 

Generally, this procedure is suitable for marerials 
in which the hydraulic conductivity ranges berween 5 and 
100,000 fr/yr (5  X 10-6 and 1 X IO'! cm/s) and where 
results are ro be used for ' engineering purposes. The 
procedure is not appl icable  in materials o f  lower 
permeability, particularly for purposes such as invesrip- 
rions for containmenr of toxic wastes. 

6. Terminology 

. in applying results. 
5.3 I 
6.1 Definitions are in accordance with USBR 3900. 

6.2 Terms nor included in USBR 3900 specific ro this 
Some definitions are from Glossary ofGeolo3,v [GI.  

designation are: 
6.2. I Drill Hole.-A circular hole made by drilling. 
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6.2.2 Fed Pipr (conltt!iror pipe, injccrion pipe, rise 
pipe. d rop  pipe).-Tlie inain ripe (or rod wliicli ionduct: 
Lvatcr irorii rhe coll:ir ( i f  r lw liolc into rlic tcsr inrerva 
in the drill liolrt t1)r t he  hydrAulic ionlliicriviry rcst. 

&iicr.-A c lindrii.il iont:iincr w i r l i  .I v : ~ l v e  0 1 -  

rhe borrorii tor ;idmiss ~n ot t!uilt. attaclicrl r o  .I line JnLi 
used tor recovering and reiiio\-ing warer. currings. 2nd i1iuL{ 
from a Jrill M e .  

62.4 \h/kir~g f k : i m . - . ~ n  oscillxring rigid lever 
balanced on .I tulcrum used r o  ictivare the cable in cable- 
tool drilling by alternating up ind down motion. 

Ayuifer.-A Warer-beJring bed or straturn of 
earth, gravel. or porous rock Wirh inrerconnecred openings 
or pores through which warer can inove. 

P.d.-er.-A shorr espansible device deliberately 
set in a drill hole to prevenr Ltpward or downwird fluid 
moveinenc; generally for temForx]i use. The rspmsible 
parr of the packer is cdled rhr gland. Strriddle packers. 
are two packers separated by a length of perforxed pipe 
to span or straddle a test interval. 

6.2.7 Arresii,n.-An adjecrive referring r o  ground 
water under hydrosraric pressure; ;.e., an arresian Jquifer 
is a confined aquifer. Artesian Sround water rises above 
the confining layer in rhe drill hole and may or may not 
flow a t  ground surface. 

6.28 Ground Wdrer.-Thac part of the subsurface 
warer that is in rhe zone of sarurarion. 

6.2.9 Wsrer Zble.-The surface between the zone 
of sacuracion and rhe zone of aeration; rhar surface of a 
body of unconfined ground warer ar which rlie pressure 
is equal to rhat of the atmosphere. 

Perclird Water T2bie.-A warer rable, usually 
of limited area. maintained above rhe n o r m 1  free water 
elevation by rhe presence of Jn intervening rehtively 
impervious confining stratum. 

G~~u,oeSsver.-ii vejje!. with a pressure gauge. 
filled with glycerin or oil to prorecr rhe giiuge trurn direct 
contact wirh fluid in rhe pressure line (see fig. 1 ) .  

HolJinz Pressure (applicable primarily for 
grouring).-The gauge pressure after the water-pumping 
system has been shuc off at the valve ahead of the gauge 
and backflow is prevenred. 

6.2. lj Back Pressure (applicable primarily for 
grouting).-The gauge pressure in the system after the 
holding pressure has dissipated as determined by openins  
a valve and allowing the gauge to drop to zero, and chen 
reclosing the valve. 

6.3.l-i BsckhW(applicab1e primarily for grouting).- 
T h e  reverse inovernenr of water our of the drill hole when 
rhe holding and/or back pressure below the packers exceeds 
rhe pressure of the warer column in rhe hole. 

7 .  Interferences 

6.2. j 

6.2.5 

6.2.6 

6.2.10 

6.2.1 1 

6.1.12 

1246 

7.1 During drilling, i t  is imporranr co minimize 
movement of fines [minus No. 200 sieve-size miicerial (75  
p n ) ]  into the material being tested and to reiiiove any 
accumularion of fines f rom the wall of the drill hole during 
preparation for the rest, so as to avoid obtaining rest values 
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ELEVATION SECTION 
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Diaphram 

I 

TOP VIEW BOTTOM VIEW 

Figure I. - Gauge saver device for protecting pressure gauge 
10-D-4287 . 

.lower than the acmal hydraulic conductivity of the material 
being tested. Drilling using clear water without additives 
.'is preferred. Bentonitic muds should not be used in holes 
' where hydraulic conductivity testing is to be performed. 
Biodegradable additives may be used if necessary, but only 
i f  the test inrercal is adequately cleaned before resting. 

' T h e  drilling procedure should be documented on the log 
form. 

7.2 Test results can be adversely affected by injecting 
water conraining sedimenr which would rend to plug voids 
in the material being tested. 

T h e  temperature of the injected water should be 
equal to o r  warmer than that of the ground or  ground 
water. This  reduces the tendency of air dissolved in the 
water IC become entrapped in the voids of the material 
being rested and  to cause low values of hydraulic 
conductivity. In mosr areas nor affected by ar.resiari 
conditions, the remprrarure at a depth of about 25 feer 
(8 m) below the ground surface remains relatively consrant 
a t  the annual mean air remperarure for the region. At 
significantly greater depths, temperature rises about 1 O F  

(0.G "C) for each 300 to 1,000 feer (150 to 300 m )  of 
depth. T h e  temperarure of rhe injected water, especially 
i f  it is known to be colder than the ground-water 
temperacure, should be recorded on a geologic log, o r  the 
hydraulic conductivity resr daca forms (see subpar. 8.11 
for suitable temperature measuring devices). 

It  is possible char dissolved minerals in the water 
used for a test may react chemically with substances in 
the marerial being tested ro cause a change in the hydraulic 
conductivity. Therefore. it is desirable ro use water for 
the test that is similar in quality ro char expecred to 
permexe  the ground when the project is in operarion. 

7.3 

7.4 

. .  

8. Apparatus 

S. 1 Drill Rkj (see fig. 2 ) :  
S. 1 . 1  Ror;ici. Dri/Iing.-A drilling mc-rh~id resulting 

in grinJinS ;I hole with a hrd- tourhed drill bit a t  the 
end of a rutaring drill rod ipipe). The  rquiprnrnr cunsisrs 
essentially of a power unit. hoistins ur tugging unit. 
conrrolled-feed rotary drill head and mounting frame, m m  
or tripod, and circulating pump. T h e  rig should have various 
accessory drilling andsJmpling equipment (rods, bits, core 
barrels, augers), as required tor drill hole advancement. 
sampling, and tesring. 

Cdble Tool Drilling-A method of drilling in 
which the marerial a t  the bottom of the hole is broken 
up by B steel bit with ;1 blunt, chisel-shaped cutting edge. 
The drilling equipmenr consists essentially of a mast. a 
string of drill cools (cx.ing, tubing, or pipe, of one size) 
that is alternately lifted 2nd dropped by a hoist wirh a 
power unit, and a walking beam. A bailer is always used 
with a cable tool rig. Normally, a cable tool drilled hole 
is not satisfactory for hydraulic conducrivity testing with 
packers. 

S.2 Injecrion Pump.-A centrifugal or helical screw rype 
pump providing a constanr water flow is required. This 
may require a special pump separate from Char used for 
drilling operations. Although there may be conditions 
where a larger or smaller pump may be required, high- 
qualiry pumps having a capacity of 40 gal/min (130 L/ 
min) ar a pressure of 120 Itd/in- (830 kPa) (such as Monyo 
model 3L-S manufmured by the Rabbins and Myers - 
Company, Springfield, Ohio, o r  equivalent) are adequare 
for mosc hydraulic conductivity tests. The  pump should 
provide the required flow a t  the required constant pressure 
with maximum allowable pressure fluctuation-due to 
pumping pulsations-of k5 percent oi the  test gauge 
pressure. A surge chamber is required for all testing; chis 
minimizes pulsations which can affect. the injection rxe .  
in the rest interval. Also, it makes readings more accurate 
and protects the pressure gauges against damage from 
sudden pressure changes. 

Feed P+e.-The feed pipe should be of adequate 
diameter to minimize head losses and have adequare c e d e  
strength to wirhscand pumping pressures and stresses 
during hoisting or cugging. T h e  feed pipe is commonly 
a threaded and coupled assembly of pipe or  tubing having 
a uniform inside diameter. Drill rods, generally of N-size, 
can be used without seriously affecring reliability of test 
d a y  if the flow rate to the test interval does nor exceed 
about 15 gal/min (37 L/min) and rhe depth t o  the top 
of the inrerval does not exceed 50 feer ( 1 5  m j .  

8.1.2 

F 

8.3 

NOTE 1.-Use of drill rods 3s feed pipe should be permitred 
oni! after the assembled drill rod string has been pressure tested 
ro cilibrxe head losses ar anticipated flows. I f  seals or sealing 
marerials are used during calibration, the same type of s e ~ l s  or 
sealing materials (not oils or wax)  should be used during hydraulic 
conductivity resting. 

S.4 F1owmerers.-One or more calibrated flowmeters 
are required; rhe capacity of each meter should be specified. 

1247 
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SINGLE P A C K L I  TCJT 
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GRAVITY T E l T  

Figure 2. -Schematic arrangement of hydraulic conductivity equipment. 901-D-11! 

For flows up to 50 gal/min (200 L/min), a I-inch (25- 
mm) diameter disk-type meter may be used. For higher 
flows, a 2- or 2-1/7-inch (50- or 65-mm) diameter impeller- 
type meter is recommended. 

A straight uninterrupred section of pipe having 
an inside diameter equal to the rated size of the meter 
and a minimum length 10 rimes the inside diameter of 
the pipe should be provided upstream of the meter. 
Manufacrurers commonly recommend pipe lengths of one 
to two rimes the inside diameter of straight pipe 
downstream from the meter. 

8.5 Pressure Sensors.-Where required, calibrated 
pneumatic piezometers or electrical transducers can be used 
as down-hole sensors to measure pressures a t  the test 
interval during a hydraulic conduccivicy test. Down-hole 
sensors are preferred over the method of calibrating the 
piping system for head loss between a pressure gauge on 
the surface and the test interval. However, an above-ground 
pressure measurement can provide a check of the pressure 
sensor. 

8.4.1 

8.5. I Pneumsric Piezomerers.-A down-hole pneu- 
matic piezometer system has been developed [ 7 ] .  
Descriptions of the equipment and procedure, as used at  
two damsires, are presented in appendix X1. 

8.5.2 Elecrricd Trsnsducers.-Electrical transducers 
have been used as down-hole pressure sensors by other 
agencies [8], particularly for very low hydraulic conduc- 
tivities [below 1 fr/yr (1 X 10-6 cm/s)]. The USBR has 
used electrical down-hole sensors in preliminary trials. 
Electrical transducers measure pressures more dccurately 
rhan pneumatic piezometers and can be connected to a 
strip-chart recorder for a continuous record. However, 
transducers are considered less rugged for field use and 
require more mainrenance and experienced personnel to 
operare rhan do pneumatic piezometers. 

Pressure Ga uses. -When down - ho le press u r e 
sensors are nor available og..?ensors are not working 
properly, calibrated pressure gauges can be used to estimate 
effective pressure in the test incemal after correcting for 
friction loss through the feed pipe and packer. All pressure 

8. G 

b .  
. .  
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&auges used in water tesring should be high-quality, 
srainless sreel. glycerin o r  oil filled. wirh pressure indicated 
in borh Ibf/in? and kPa (such as manufactured by Marsh 
lnsrrumenr Company, a unit of General Signal. P 0 Box 
101 I ,  Skokie, Illinois: or equal). Pressure gauge ranges 
should be compatible nirh resring requirements: rhey 
should be sized so rhar the gauge capaciry does not esceed 
rwo to three rimes the maximum desired pumping pressure 
for each respective puniping srage. Gauges should have 
the smallesr graduations possible and a n  accuracy of  k2.5 
percenr over rhe roral'range of the gauge. If a gauge saver 
is used with rhe gauge. calibration should be made wirh 
rhe gauge saver in place. Accuracy of rhe gauges should 
be checked before use and periodically during rhe testing 
program (see subpar. 11.2 for additional information). 

One or more pressure gauges should be located 
downsrream of the flowmerer and downsrream of any 
valves ar rhe rop of the feed pipe. This  locarion for pressure 
measurement can be used by inserring a sub (idapror, or 
shorr piece of pipe) with the gauge - insralled on rhe 
top of rhe feed pipe. 

hr leasr one addirional calibrared replacement 
gauge should be available at the tesr site. 

Swivel-During the hydraulic conductivity rest, it 
is preferable to eliminare rhe swivel and use a direct 
connecrion to rhe feed pipe. If a swivel musr be used in 
rhe warer line during resring, i r  should be. of the 
nonconstricring rype and calibrated for head loss. 
Significanr friction loss can result from use of rhe 
constricring rype. 

Pxkers -One  or rwo (srraddle) packers are required 
for the rest. Packers may be eirher bottom-set mechanical, 
screw sei mechanical, pneumaric inflatable, or liquid 
inflarable. The  pneumaric inflarable packer is rhe preferable 
rype for general use and is usually the only one suitable 
for use in soft rock and soil. T h e  gland of this packer 
is longer and more flexible than the other rypes and will 
form a righrer seal in an irregular drill hole. A leather 
cup rype of packer should nor be used. To ensure a right 
water seal, the lengrh of contacr between each expanded 
packer and the drill hole wall should nor be less rhan three 
times rhe drill hole diameter. 

S.6.1 

8.6.1 

8.7 

8.8 

NOTE ?.-More rhan one type of packer may be required ro 
resr the complete length of a drill hole. The rype of packer used 
depends upon many facrors. e.g.. rock type, drill hole roughness, 
spacing 2nd width of rock joints, and test pressures. 

fnfhrzble Pxkers.-Inflarable packers with a n  
espansible gland and a floating head (see app. fig. X1.2) 
should be designed for anticipated drill hole diamerers and 
pressure condirions. For normal hydraulic conductivity 
resring, a reasonable maximum recommended working 
pressure inside and outside of the packer is 300 Ibf/inz 
(2070 kPa) IS]. Inside pressure should be increased in 
water-filled holes, proportionally ro rhe sratic head. For 
drill tiriles wirh sharp rojecrions in che walls, a wire- 

[ 7 ]  may be required. The  pressure in the packer should 
not be hi,qh enough to fracrure rhe marerial being tested. 

S.S. 1 

reinforced packer gland ! .aving a higher working pressure 

The pressure required t o  form a right se:il a r  the ends 
of a tesr interval depends on the flesibiliry of the glmd. 
the fricrion of the floating head. :ind rhr drill hole 
roughness. The  minimum diiferenriJl pressure berween 
the packer and rhe tesr inrerval can be Jerermini-d b:; resrins 
packers in a pipe slightly larger r h m  [lie nominal diameter 
of rhe drill hole. in order r o  siinulare possible enlargemenr 
of the drill hole during drilling. For a given resr inrerval 
pressure, the pJcker pressure is increased unril i r  provides 
a a~arerrighr seal berneen the packer and rhe inarerial wirh 
which it is in contact. The pressure in the packer should 
range approsimately berween 30 and 300 Ibf/in: (210 ro 
2100 kPa)  grearer than [hac in the resr interval, wirh 100 
Ibf/in' (690 kPa) being normal. Pneuinritic inflatable 
packers can be inflated wirh compressed air o r  compressed 
nirrogen. 

8.8.2 Special pneumuric packers are available for use 
in wireline drilling operations. Because rhe packers must 
be able ro pass through the wireline bir and rhen espand 
ro completely seal the hole ar the resr interval, special 
materials are needed for rhe packer gland. A special packer 
assembly-consisring of rwo packers in tandem-is used 
wirh rhe upper packer being espanded inside rhe drill rod, 
just above the bit, and rhe lower packer espanded againsr 
the wall of the hole just below rhe bir. The  two packers 
on the assembly can be posirioned properly-relarive ro 
the bir-by a set of lugs or a.ring located on the assembly. 
Special seals or connecrions are needed to arrach rhe warer 
supply co rhe wire-line drill pipe a r  rhe surface. 

A minimum of two sers of replacement packers 
and/or spare glands should be available at rhe resr sire. 

Perfomred Pipe Sections.-Lenprhs of perforared 
sreel pipe corresponding ro the lengrhs of resr inrervals, 
are required between packers ro admit water inro rhe tesr 
inrervals. The  r o d  area of all perforations should be grearer 
rhan five times the inside cross-secrional area of the pipe. 
These perforared pipe secrions should be cdibrared for 
head loss. 

required for testing in granular, unstable marerials [hat 
require supporr [ 9 ] .  As a general rule, rhe maximum size 
of slot widrh should be approximarely equal to the 50- 
percenr size of rhe parricles around rhe drill hole (see 
subpar. 11.4). 

8.8. 3 - 

8.9 

8.10 We// Screen-Well screen or slotred pipe may be ' ' .  

8.1 1 WJrer Level iVe;2suring Device: 
S. 11.1 Alrhough there are other rypes of warer level 

indicarors, rhe electrical probe indicaror is mosr coininonly 
used. Essentially i r  consisrs of ( 1 )  a flexible, insulated 
conduir marked in linear unirs and enclosing rwo nrires, 
each insul;ired escept 31 rhe tips; ( 2 )  a low-voltage elecrrical 
source: and (i) a lighr or ocher means of indicaring a closed 
circuit tvhich occurs when rhe tips contacr the wurer surface. 
Ditferenr br:inds of elecrric water level indicators and even 
different models of rhe same brand ofren have rheir own 
unique operiiting characrerisrics. Before using any elecrric 
warer level indicator, ir should firsr be rested a[ rhe surface 
in a bucket i)f  water. 

For approxiinare measurements of rhe water 
level when i r  is within abour 100 feer (30 in) of the ground 

S.il.2 
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SLif fXe.  :I C h i C h  C;lFe wirh 3 "pOpptX" CJil be Used. A 
"popper" can be ni.iJe froiii a shcrrr pipe nipple t o r  lensrh 
u t  cubing! by scre\ving .I plug :itr:iihed r o  :I grdti;ired rape 
into one end ot t h e  nipple and IeLiving rhe tither end ot 
rhc nipple open. \\"hen che "ptlpper" is Iowcred in the 
drill hole :ind rhe open end of the pipe nipple srrikes 
a warer surface, ic makes a popping sotid, und the depch 
c o  warer c m  be iiie.Jsured by che tkipe. 

An aciiirare measurement of die warer level 
can be made by chalking rhe lower end of rlie steel ripe. 
After coimccirig the water level, rhe ripe should be lowered 
abour 1 inore foor before retrieving ir. bleasuremenr is 
rhen made co rhe "nec line" on the rape. 

8.11 Teinpersrure M e x u r i n g  Deri-e.-Equipinenr for 
measuring ground-nwer cemper;icure is available from 
commercial sources or can be m d e  from a rhermiscor, 
two-conducror cable. reel. WheJcsrone bridge, m d  a low- 
volrxge eleccrical source. A masimurn-minimum rype 
rhcrmomerer is accepcable. 

9. Regents and Materials 

Wirer (See subpars. 7.1, 7 .3 .  and 7.l.j.-The c l e ~ r  
wacer supply should be sufficienr ro perform the hydraulic 
conducrivicy resr withour interrruprion and co mainrain 
the required pressure rhroughout the cesr period. 

Srind or Grzvel Bd.-k?/L-Where a granular backfill 
is used co prevenr sloughing of the drill hole wall, it should 
be  a clean coarse sand or f ine gravel. Laboracory 
permeabilicy cesrs (USBR 5600 or 5605) should be made 
on rhe baikfill macerial co make sure char i t  has a coefficient 
of perme.Jbiiiry greJrer rhan one order of'magnicude higher 
chan char expecred of rhe in siru material being cesred. 

10. Precautions 

8. I l . i  

9.1 

. 

9.2 

10. 1 .%tery Prermrivns: 
10.1.1 

10.1.1 
10.1.3 

T h i s  procedure may involve haza:dous 

Use normal precautions for drilling [ 10, 1 11. 
Precaurions should be raken during calibrarion 

pressure resring of equipment. parcicularly rescing of 
packers wirh compressed air or nicrogen (never use oxygen) 
to avoid injuries from a sudden packer or hose ruprure. 

m;icerials, operarions, and eguipmenr. 

10.2 Technicd Precaurions: 
10.2.1 As a general rule, coral pressure (scaric head 

plus gauge pressure) applied in rhe drill hole should nor 
exceed 1 IbVinl per foor (22.6 kPa/m, of rock and soil 
overburden ac the cencer .of the cesc incerval, i f  rhe resc 
interval is 10 feec ( 3  mj long or less. If the  test interval 
exceeds 10 feer, pressure should nor exceed 1 Ibf/inl per 
foor of overburden ac the cop of che inrerval. In layered 
or fracrured macerial. or for drill holes near steep abucmencs 
or slopes, 9.1 Ibf/in2 per foot ( 1  1.3 kPa/m) of macerial 
to rhe nearest free surface is an  appropriate maximum 
pressure. Higher pressures chan rhese may tracrure the 
marerials. 

If rhere is excessive or complete loss of water 
when rhe hole is being drilled, drilling should be scopped 
before currings f i l l  the voids, and a hydraulic conducriviry 
rest compleced on a shorrer than normal lengrh rest interval. 

10.L2 

. .  y .: 
? .  1250 

LO.?..; HyJr.iiilic conducrivicy res[ cqiiipinenc sliould 
be considered ant1 tre:rted ;IS pi.ecisit)ii tesiing quip inroc .  
C;iuges. theriiiotiierers, ere.. jiit)ulJ hxve rhcir o w n  
prorecrive cases: rhey should n o t  be c.irricd u.irh drill cools 
o r  be tossed around. They should be c:ilibr.iccd frcquenrly. 
I t  is recommended char a l l  resr equipiiicnt needed for 
hydraulic conducriviry resring be kepr separarc froin drilling 
equip [ne nc. 

11. Calibration. 

1 1.1 For Me:isurmenr v i  Eitec.:ir.e Hr;d  
I I .  1 .1  Pressure  Sensors . -Cal ibr ice  d o w n - h o l e  

pressure sensors by rhe methods and a r  frequencies 
prescribed by USBR 1050. 

1 1.1.1 Fricrion Loss Esriir7~res.-Wliere down-hole 
pressure sensors are nor used, esriinaces of etfeccive head 
ac rhe resc incerval ace made by subrracring fricrion loss 
from rhe applied head meisured .JC the ground surface. 
T h e  friction loss should be determined for a11 cornponencs 
of the piping syscem, from the pressure gauge ro die  resc 
interval. 

Calibrare fricrion loss in parrs or secrions 
of rhe piping systems including ( 1 )  che swivel ( i f  used); 
(.2) feed pipe (per unit length); and t!) che packer assembly. 
Record the data, wirh references ro che parricular parrs 
calibraced, in rabular or graphical form so che accuinularive 
friccion loss can be roraled for decexninarion of effective 
head ac the resr incerval. T h e  calibrxion procedure is as 

11.1.2.1.1 Lay our che individual u r  joined parts 
ro be calibrared on a horizontal surface wirh calibrsred 
pressure gauges ac each end. 

11.1.2.1.2 Pump wacer rhrough rhe syscem ar 
incremenral, increJsing flow races co [he masirnuin flow 
rare expected ro be used in the resr: ullow rhe flow ro 
srabilize between incremenral flows. 

11.12.1.3 Record rhe pressure at eJch gauge for 
eJch incremenral flow race. 

11.1.2.1.4 Calculate the fricrion head loss for 
e x h  incremenral flow race. 

11.1.2.1 

follows:~ 

where: 
t = friction head loss in feec of heLd per linear fooc 

of pipe, f r / f e  or m / m  
Pi = upsrream pressure. Ibf/in? or kPx 
P? = downscream pressure, lbf/in' or kPa  
J = pipe lengrh, f t  or in ( J =  1 for swivel or p d e r  

2 . i  1 = convercs from pressure in Ibf/in' co l i e d  in feec 
assembly) 

or 0.102 converts from pressure in kPa 10 head 
in inerers 

Example, assume 

A = 18.6 Ibf/in? or 128 kPa  
Pz = 13.2 Ibf/in' or 91.0 kPa 
t l  = 10.0 f c  or 5.05 in 
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Inch-pound ;ipplicarion: 

SI application: 

11.1.2.1.5 Plot friction head loss versus flow 
rate. Figure j is an  example of a plot of friction head 
loss ( f )  at relatively low flow cites for a 10-foot (3.3-m) 
length of l-l/.l-inch ( j 2 - m m )  diameter pipe. Since head 
loss in pipe a t  turbulent flow is approsimarely related to 
velocity squared, a plot of friction head loss versus the 
square of the flow rate is nearly a straight line (see fig. 4) .  

NOTE j.-There are standard tables and charts which provide 
unir friction losses for various sizes of pipe, elbows. tees, reducers, 
erc., for clean and rusry conditions. Although such information 
is somerimes used, it is preferable to derermine fricrion losses 
in rhe piping system and packers actually used for the hydraulic 
conducriviry resr. 

11.1.1.1.6 To calibrate a packer, inflate the 
packer in a short length of casing or pipe in which a valve 
and pressure gauge have been installed. A pressure gauge 

. is also installed in the rods immediately ahead of the packer 
assembly. P u m p  water into the rods at incremental 

.+increases (or decreases) of flow rate-allowing the system 
to stabilize after each incremental change-until the 
highest anticipated flow race is reached. 

- XOT'E 4.-For packers smaller than N-size, such as the B-size 
used in wireline equipment, rhere are significant head losses, 
and relatively low flow rates must be mainrained. This requires 
water meters and pressure gauges capable of accurately measuring 
the low flows and small changes in pressures. 

Pressure Gmges.-Calibrate each pressure gauge 
(see USBR 1040) by comparing it with a test or master 

11.1 

5 
1 i -. 

125 1 

gauge. The  iixisrer gauge should nor be used during drilling 
or hydnulic conductivity testing. Calibrate c':icIi gauge a t  
the start  of a resting program plus one addirioual calibration 
per week during rests ot long duration. 

11. j F/~tr.iiierers.-Calibrare a flowneter by flowing 
water into a container of known volume; the container 
used for the volume check should be coininensurace in 
size with the flowmeter size and graduations. From these 
data, flow rates can be cilculated for comparison with meter 
readings. All flowmeters should be calibrated to an accuracy 
of +1 percent. Calibration should be done a t  the start of 
the testing program plus one additional calibration per 
week during rests of long duration. 

NOTE S.-Si,ine impeller-type flowmerers haw 3n accuracy 
range significantly less rhin indicated by rhe dial. hfininium and 
maximum races should be esrablished. 

11.1 IVeII Screens 3nd Perfomred or Slorred Pipe 
Secrions-From manufacturers' data or by calibration, 
determine the head losses in expected flow ranges to ensure 
there is no restriction oi flow into the material being rested. 

12. Conditioning 

12.1 Nor applicable, special conditioning requirements 
are nor needed for this procedure. 

13. Procedure 

13.1 Cleming ot- Drill Hole: 
13.1.1 Remove any accumulation of fine particles 

(smear, mud cake. compaction caused by driving casing, 
erc.) f rom t h e  drill hole wal l .  Such accumulation 
significantly restricts the flow of water into or from the 
hole. Exercise good judgment in cleaning the hole, since 
excess cleaning may be detrimental. If  there is a question 
as to whether or nor drill holes in particular materials 
need cleaning, hydraulic conductivity tests can be performed 
in holes with cleaning and others without cleaning. If 
cleaning does not significantly change test results a t  a site, 
cleaning of additional intervals in the same materials may 
not be necessary. 

When the test interval is above the water 
table, it may be possible to brush or scratch the drill hole 
wall to break up  accumulated fines. For unstable materials 
which require use of a well screen, materials which cave 
against the screen may break up  the accumulation of fines 
on the wall. Mild surging with a bailer. while adding water, 
also may help break up a disturbed or compacted zone, 
bur this may stir up fines which then plug the voids in 
the  material to be rested. Mild jetting-followed 
immediately by bailing or pumping-also is a possibility. 

When the test interval is below the water 
table-in inarerials that are rock-like and self-supporting- 
use of a water jet in the hole (preferably accompanied 
with pumping to induce flow into the borehole) is one 
of the best methods to clean the hole. After jetting, bail 
or pump the sediment-laden water from the test interval. 
Jetting can also be used through a screen below the water 

13.1.1.1 

11.1.1.2 
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FLOW RATE SQUARED (q2)(1000'r o f  gal. /min.)*  

Figure 4. - Plot ot feed pipe calibration 6 x 1  - example. 

- - table in unstable rnxerials. For sofr rock. f!ushing the si2es 
of the drill hole by running the bit or a bailer up and 
down the hole may enlarge the hole by erosion or otherwise 
change the characterisrics of the fracture systems. 

Finally, clean the drill hole by pumping 
or bailing water from the bottom upward, with the 
pumping continued until the rerurn fluid is clear without 
cuttings or sediment. Record che method used in cleaning 
the hole on the log of drill hole or on a special resting 
form. 

13.1.1.3 

13.2 Length of Test Interval: 
13.1.1 The lengrh of che test interval depends on 

(1) purpose of the rex, (2)  stratigraphic interval, and ( 3 )  
flow race. Where materials are relatively uniform, use a 
rest interval of about 10 feet (3 mi. Where flow rates 
are high, shorren the test interval to locate high flow rate 
zones; where races are very low, the interval may be 
lengthened if  desired. 

13.3 Ground- Wdrer Level Dererminarion: 
1 j . j . t  Depth  to ground-water level must be 

determined before calculating hydraulic conductivity. 
Measure depths to water levels wirh an electrical probe 
or ocher suitable equipment (see subpar. 8.11). 

Auger Holes.-In power auger or other rypes 
of holes to which wacer is not added as parr of the drilling 
process, report the presence or absence of a wacer level, 

ldepth to water level, and date of initial and final water I level measurement. In materials of low hydraulic 

13.5.1 

conductivity, several days co severxi weeks mav be required 
for a warer level ro stabilize in the hole. Reporr evidence 
of moisture in the cuttings and i f  ;1 perched water level 
was observed. 

Rorqv  or Gblr Tool Holes.-For drill holes 
in which addition of water to the hole is an inregrd p3rc 
of the drilling process: 

1 j .3 . j . l  Bail or pump the hole dry or to 3 stable 
warer level a t  the close of the last jhifr each day and record 
level. 

Report the presence or absence of water 
and depth ro water a t  the beginning of the first shift e x h  
day. Additional readings are desirable whenever water level 
in the hole has not been disturbed for an appreciable period 
of rime. 

Report changes in water level detected 
US the hole is drilled deeper. Record facrors char affect 
the water level such as depth of casing, and/or cemenced 
intervals. These data may be helpful in recognizing perched 
or confined (artesian) conditions. 

Upon complerion of the hole, the water 
must be bailed down to the extent pracricable, the wacer 
level measured, and che dace recorded of hole completion. 
Meisure the water level for a period of days or weeks 
until equilibrium is reached. 

13.3.; 

13.3.3.2 

13 .3 .3 .3  

I j . j . 3 . 4  

NCTTE 6.-At times, exceptions must be made to the requirement 
for continuxion of warm level redings.  Such is the case when 
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state or locil Iaws require that the hole be filled continuously 
from b o r t o i n  to top immediitely upon hole coinplericin and before 
the drill cre\v leaves the sire. In other instances. 1;indowners mi! 
allow right-of-entry for only a limited time for ineasurements. 

15.3.4 Perched 2nd Artesi3n Aquifers-lr is impor- 
tant to recognize perched 3nd 3rresim aquifers. especially 
those under sufficienr pressure ro raise rhe warer level 
above the confining layer bur not to the ground surface 
(see [SI). They must be disringuished from warer table 
aquifers (rhose which conrinue in depth). If  perched warer 
cable or  artesian aquifers-separated by dry or less 
permeable strata-are encountered in rhe same drill hole, 
the resulting warer level in the hole is a composire; 
therefore, conclusions and inrerprerarions based on such 
dara are misleading. I f  a perched warer table is recognized 
(or suspected) during drilling, warer levels musr be 
determined for each zone for calculation of hydraulic 
conducciviry. This might require completion of rhe drill 
hole wirh a warertighr seal ser a t  a suirable horizon to 
separate rwo water rablecondirions. In chis rype installation, 
rwo srrings of pipe or conduir are required: one extending 
down to rhe portion of the hole immediarely above [he 
packer, and a second srring exrending rhrough the packer 
ro a poinr near rhe borrom of rhe hole. Water-level 
measurements provide rhe basis for derermining a perched 
condition or if rhe lower warer table is under arresian 
pressure. 

13.3.5 Multiple Water-Level Measurements.-In 
some insrances, i t  is desirable to install multiple conduits 
and packers or plugs in 3 drill hole so rhar ground-water 
levels (or Dressure-heads) in several water-bearine horizons 

the drill string from chr hole and advance casing o r  grout 
ro rhe burroin of the h t J k .  

I i .4.2.2 Adv3nce the hole 5 r o  10 feer 1 .5  IO .; 
m) into the iii:irerial ti) be rested. 

1 j .4.2.i  
13.4.2.4 

Reinove rhe drill srrins from rhe t i c k .  
Clean the interval t o  be rested. and record 

rhe deprh t o  the \varer cable. i f  present. I f  a composite 
w r e r  level is suspecred. rhe water level affecting rhe rest 
should be derermined by measurements thriiugh rhe feed 
pipe afrer the packer has been sexed  and the tvarer level 
has srabilized. 

If the hole will srand open, se3r a single 
packer at  the rop of riie rest interval. Record rhe cype 
of packer, its deprh. 3 rd  packer pressure if  i r  is rhe intiarable 
rype. 

Pump water into the interval ar a rare 
ro develop a suirible pressure. The  pressure ro be used 
depends upon reGng deprhs 2nd ground- w r e r  levels or 

~ pressures. --._- Marerials subjecr ro deformarion Grheaving, such 
as by separarion of bedding planes or joints, or msrerials 
a r  shallow depths. musr nor be subjected ro hish pressures 
(see subpar. 10.2.1,. For comparison of flow r x e s  in 
differenr parrs of a single foundarion and with resulrs from 
orher foundarions. some of the followine. pressures x e  

13.4.2.5 

13.1.1.6 

.---- 

commonly used: li2I-d 100 lbf/i"(iiO: 350, 530, 
and 690 IrPa). 

NOTE 7.-At test pressures less than 25 Ibf/in?, errors in 
me3suremenc of pressure 2nd volume of warer mav increise unless 
special low pressure gauges are used. Gravity resrs piovide more 
accurate resulrs under these conditions. At pressures higher chm 

I 

- . A  10 Ibfiin:, difficulries in securing 3 right packer se31 2nd die 
can be measured over an exrended period of.-rime (see /likelihood of leukage incre3se rapidly. However. under arresian 
[j], pp. 7-14). /m ? pressures or in deep holes rhe warer pressure-as regisrered on 

a surface gauge--will need to be sufficienc ro overcoine the 1 j.4 Pressure Tests With P3ckers: 
13.1.1 T h e  recommended arrangement of rypical effective head a t  the rest inrerval and firmly sed the packer. - .. 

equipment for packer pressure r e m ,  wirhour a pressure 
sensor is shown on figure 2. (See app. fig. X1.l for 
equipment wirh a pressure sensor.) Beginning 3t rhe source 
of warer, rhe general arrangement is clean warer source, 
suction line, pump, discharge line to storage and/or settling 
rank, suction line, water-supply pump,  surge chamber, line 
ro bypass valve junction, water meter, gate or plug valve, 
tee wirh sub for pressure gauge, short lengrh of pipe on 
which rhe pressure gauge is acrached, tee and off-line 
bleeder valve for evaluaring back and/or holding pressure, 
flexible 1-1/4-inch ( j 2 - m m )  diamerer hose, and 1-1/4- 
inch-diamerer feed pipe to packer or packers in drill hole, 
which isolare rhe resr interval. All connecrions should be 
righr 3nd 3s shorr and straight as possible with minimum 

- S O T E  S.-Mhere the nuie is subject to civing, a pump-down 
wire-line system has been developed [hac can be used co eliminare 
removal of rhe drill string from rhe hole. Wirh chis sysrem. the 
hole is drilled ro rhe bvrrom of rhe interval to be tesred. and 
the drill rod is raised so the end of the rod is a t  rlie top of 
the rest interval. The tandem packer (see subpar. 8.S.Z) is rhen 
lowered through the drill rod and expanded to seal borh inside 
the rod and against rhe n.ill of rhe hole ar rhe top of rhe test 
inrerv31. Models of this equipment are available which have 
rransducers below the picker for measuring water pressures a t  
rhe rest interval. 

1i..i.1.7 For derermining effective he3d. arresian 
heads encounrered in iile drill hole are rrerirec! rhe s x n e  

ciange in diamerer of hose a i d  pipi. Fricrion loss decreases 
as rhe pipe diamerer is increased. 

When rhe marerial is subject ro caving, and 
casing and/or grout is needed to supporr rhe walls of the 
drill hole, the hole should be water resred as it is advanced. 
Orher hole condirions may make chis procedure desirable 
or necessary. T h e  following procedure is commonly used: 

After rhe hole has been drilled to the top 
of the inrerval to be rested, it  may be desinble co remove 

3 s  \Yarer r:ible condirionj: i.e., the depth from rhe pressure 
g:iuge, or rlie water level mainrained during the resr. ro 
rhe stiibilized warer level is used as rhe graviry head. I f  
the arresian head stabilizes above rhe ground surf3ce. rlie 
gravity coinponent of rhe effective head is negarive and  
is me.isured between the stabilized level and the pressure 
gauge heiglir. If a flow-rype resr is used, die effecrive l i e d  
is the difference between the stabilized warer level :ind 
the level iiiainrained during the flow period. 

1.i.i.Z 

1.i.4.2.1 
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I .;..i.Z.S ht ter  prcssurcs Ire selrcred. based on 
ground-wcer  conditions and rhe Furposc of rhe tesr. j 

perforrn .I tesr :ir euch pressure. Csu:ill!. :I i-cycle procedure 
is used. rhree incre:lsing srcps r o  rhe ii1:isiiniiiii pressure 
iinJ rhrn rwo decrrssing sreps to the scarring pressure. 
This cycling a1loa.s a inore detailed cv;ilu:trion ot resc results 
rhan resriny ar :I single pressure In2 coininonly allows 
exrrapolaciun to :iscertain a t  what pressures rhe following 
may occur (.I) laminar flow, ( 2 )  rurbulenr tlow, (.j)  dilation 
of fractures, (4) washours, t 5) void tilling, o r  (6)  h+&c 
fracturing. However, the equations norinally used co 
calculate hydraulic conducrivicy are b;lseJ on laminar flow 
cond i t io ns. 

NUTE 9.-In some insrances, only a single water pressure test 
at a given interval in the drill hole may be required. For example. 
if geologic conditions are  known, and there is no need ro perform 
the steps in subparagraphs Ij.4.2.2 through Ij.1.1.6. a single 
value of hydrd ic  conductiviry with ;1 relatively low Jpplicxion 
of pressure may suffice. 

13.4.2.9 During each resr, conrinue pumping warer 
to rhe test interval at the required pressure until rhe flow 
race becomes stable. As a general guide, mainrain flow 
rates during three or more 5-minure intervals during which 
1-minute readings of flow are made 2nd recorded. In rests 
above the water rable, warer should be applied to the rest 
interval until the  flow rare stabilizes before starting che 
5-minute measurement intervals. Where rests are below 
the water table, flow rates usually stabilize h e r  rhan for 
the tests above rhe water table, and rhe time period before 
rhe j -minute  rest intervals may be shorter. These rime 
periods may-need ro be varied. particularly when rescs to 
determine grouring requirements are made 

Determine and record rhe presence of 
back pressure and decay of holding pressure. After the 
rest, deflate the packer and remove it from the drill hole. 

Advance the drill hole and, if necessary, 
rhe casing; repear the procedure in subparagraphs 13.4.2.3 
rhrough 13.4.2.10 uncil the required deprh of drill hole 
is reached. When casing is used in a drill hole, always 
ser the packer in the material below the casing. 

If the hole will stay open without casing, ic  
can be drilled to final deprh, and afrec cleaning the hole, 
hydraulic conductiviry tests can be performed from the 
bocrom of the hole upward using straddle (double) packers. 
Although a single packer can be used to rest rhe bottom 
inrerval of the hole, srarring at the bortom with double 
packers will cause loss of borehole resring of only about 
the  lengrh of rhe borrom packer and will save one complete 
trip in and out of rhe hole with rhe drill srring assembly 
to change the packers. After rhe resr for rhe bortom inrerval 
is completed, straddle packers are used for successive resc 
intervals up  the drill hole. See subparagraph 13.4.1, where 
caving or o ther  hole conditions will nor allow this 
procedure. 

1 3 .5 

13.4.2.10 

1j.4.1.11 

13.4.3 

Grz viry Tests: 
133.1 Constant-head gravity rests a re  usually 

performed without packers above or below the water table 
with drill holes of N-size or larger (see fig. 2, detail D). 

This t;;pe of tesr is d r c n  m;dc in rr:ison:ibly srablc-w:illed 
drill holes up to 23 fret ( 7 . 6  m) dercii \vhrrc w r u  pressure 
;ir the rrsr inrerv;il neecis t o  bc ke;r Io\v. Tlic rest is usii;iIIy 
prrformcd in successive 3- o r  l O - f o L ~  ( 1 . i -  i ir i - r n  I intervals 
;is Cht? drill hole is ;idv:incrd. The tipper enci of riiii? resr 
inrerval is noriii.illy drrerininec! by rhe borrom deprh of 
rightly reamed o r  Jriven casing. I t  rlir cisiilg is nor believed 
t o  be right. appiqviiice encries j h u l d  be reccirded on  the 
log forin. I f  the \v:iIl of the drill hole is stable. rhe tesr 
can be p e r t o r i n d  in the unsiippcred hole. it  rhe wall 
needs ro be supporred, use a well sireen (see subpiir. 11.4 
for calibration) inserted tlirough rhe ciising. I t  m a y  be 
necessary to ream or drive rhe cising ro rhe borroin of 
the interval, set the screen, and rhrn pull back t he  u s i n g  
ro expose che screen. After rhe resr. die screen is removed 
and the casing reIineci or driven to rhe borcom c,t the 
hole. 

NOTE IO.-Clelln course sand o r  fine S::lvel backtill ( S K K  subpar. 
9.2) may be used insred of a well xreen. R ~ i n  o r  drive the 
casing ro the borroiii of the interval. clean i t  out. ; i d  udJ the 
backfill IS the cusinc is pulled back t o  expose the rest interval. 
Record use of this procedure on the lo 7 tor ' 111. 

1 j . j . l .1 

1 j.5.1.2 

l j . j . l . 3  

I f  rhe drill hole is self-supporring. clean 
and prepare ir in rhe normal manner (see subpar. 13.1'). 

I f  che drill hole is noc self-supporting, 
lower rhe well screen and casing into rhe hole. 

For rest inrervals above rhe water rable, 
inainrain a conscanr head of warer Lwirhin 0.2 foor (60 
min) ]  a t  rhe cop of rhe res; inrerval by injecting water 
through a sinall dixnerer rube escendiny below the warer 
level InaintLiined during rhe resr. Fur rest intervals below 
the warer cable or influenced by ar tesim conditions, 
mainrain a consranc head ;l shorr distance above rhe 
ine;lsured static water level. 

Moniror rhe water level with J water-level indicacor. 
If the  warer-level indicator is insexed in a srniill Jiainerer 
pipe in the casing, the wave or ripple acrioii-on rhe water 
surface will be dampened and perrnir more accurure warer- 
level measuremenrs. 

N n E  1 1.-When the flow rate is very low. the  corlstanc water 
level can be maintained by pouring aater in rhe hole from a 
graduated conrainer. 

1-3.5.1.4 Record rhe flwv r x e  ar time intervals 
uncil a constant flow rare is reached. 

1 i . S . l . j  Repeac the proce..!ure of subparLigraphs 
13.3.1.5 Lind 13.5. I .4 a t  one or more different Lvacer levels. 

1.:.3.1.6 This r e s  is essentially the sactie 2s Jesig- 
n x i o n  USBR 7 i O O  (see also [j], p. i 4 ) ;  rhe insrrucrions 
in USRR 7jOO for performing the test :inJ cLilcularing 
hydraulic conductivity ;ipply r o  chis procedure ;ilso. 

14. Calculations 

14. I For pressure or consrant graviry l i ed  hydraulic 
conducrivity rests, calculate rhe hydraulic conductivity of 



rhe soil or rock by the following equarion (espressed in 
consisrenr unirs) [4]:  

L 
2 r L H  r k = In - , where L 2 lor ( 3  

or 

k = sinh-! , where lor2 L 2 r ( 3 )  2 irLH 2r 
where: 

k =  
q =  

L =  
H =  

.r  = 
In .= 

sinh-1 = 

hydraulic conducriviry, fr/yr or cm/s 
consranr rare of flow inro rhe resr inrerval, 

length of rhe resr i n r e n d ,  f r  or cm 
differenrial head of warer ar rest inrerval, f r  or 

radius of the borehole, f r  or cm 
narural logarithm, loge 
inverse hyperbolic sine. 

fr’/yr or cm:/s 

cm 

sinh-1 x In (.u f ,/=) 
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14.2 An example calcularion for a single packer resr 
in the borrom of a borehole beloaf rhe warer rable follows: 

Example, assume: 

r = 1.8 in or 0.15 fr = 4.6 cm 
q = 2.2 gal/min or 5.3 L/min 
q = 1.5 X. 10’ fr’/yr = 140 cm3/s 
L = 3.0 fr = 9 1  cm 

. H,, graviry = disrance from ground-warer level ro 
pressure gauge = 10.2 f r  = 311 cm 

Hp, pressure = 5 Ibf/in? X 2.31 frweter/ (Ibf/in2) 
= 11.6 f r  = 354 cm of warer 

H = Hg + Hp = 21.8 fr = 664 cm 
L - 2 2 -  - - 20, hence use equation (2): 
r 0.15 

1.5 X 105 fr3/vr 
2~ (3.0 f r )  21.8 f r  

3.0 fr 
0.15 f r  k =  

k = 1.1 X 103 fr/yr = 1.1 X 10-3 cm/s 

NOTE 12.-These equarions are most applicable and reliable 
where rhe length of test inrerval is at leasr Sr. and rhe interval 
is below rhe warer table. The equations are based on laminar 
flow of fluid rhrough porous’media. Flow rares, high enough 
ro cause rurbulenr flow, invalidate rhe results in all types of 
material. in fractured material, the calculared value should be 
considered an apparenr hydraulic conductivity even under laminar 
flow condirions. 

14.3 For pressure r e m ,  when rhe resr inrerval is below 
rhe water table, H is rhe disrance from the warer table 
to rhe elevarion of rhe Dressure ? a w e  plus applied pressure 
converrea ro linear unirs of warer head. 

Where rhe rest inrerval is above rhe warer r a b l e , U  
rhe distance from rhe midpoinr of rhe i s o m  rccr i nrerval - 
to rhe elevarion of rhe pressure pa uce ~ l u s  rhe applied 
pressure converred ro linear unirs of warer head. 

? - ,  
4 I. 
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For graviry resrs above rhr water rable. H is rhe distance 
berween the borrom of the rest interval and the .warer 
level maintained during rhe resr. 

For graviry resrs below rhe warer rable. H i s  the distance 
between the preresr srabilized warer level in rhe drill hole 
and rhe warer level mainrained during the resr. 

I f  rhere is arresian pressure. an  ddi t ional  pressure 
musr be applied to overcome rhe arresian pressure ro 
provide an effecrive rest pressure. For example, i f  there 
is 3n arresian pressure of 5 Ibf/in? (34 kPaj 3r rhe pressure 
gauge, 15 Ibf/in: (103 kPa) could be applied, rhen rhe 
effecrive pressure would be 15 Ibf,’in? minus 5 Ibf/in’ which 
equals 10 Ibf/in’ (69 kPa). 

The calcularions can be done convenienrly by (1) 
a nomograph [12], (2 )  a hand calcularor wirh rhe proper 
funcrions, or ( 3 )  a compurer. For repenred resrs, it is 
convenienr ro prepare 3 [able for one or more diamerer 
drill holes and lengths of rest inrervals and combine rhe 
rerms on  rhe righr side of rhe equarions, orher than q 
and H, inro a coefficienr. 

14.4 

14.5 

NmE 13.-The lugeon (lugeon unir, lugeon coefficient) [ 13. 
‘14,  IS, 161, has been used JS an indes of hydraulic cofiducrivity, 
in connection wirh cyclic tests, and for grouting purposes. 

15. Report 

15.1 Record field rex  dara on a daily driller’s report, 
and/or on  rhe log of the drill hole or on a special reporring 
form designed for the specific projecr. Record rhe following: 

Log of rhe drill hole. 
Elevarions of rhe ground surface. rhe warer 

Diamerer of rhe drill hole a r  rest inrerval. 
Method of cleaning the drill hole. 
Size of rhe feed pipe and any well screen. 
Warer pressure and/or graviry he3d. and flow 

Toral amounr of warer used per rex. 
Average remperarure of ground Tvarer and 

15.1.1 
15.1.3 

15.1.; 
15.1.4 
15.1.5 
15.1.6 

15.1.7 
15.1.8 

15.1.9 Packer inflarion pressures. 
15.1.10 

resr inrerval. 
15.1.11 
15.1.12 

rable, and rhe cop and borrom of the resr inrerval. 

rare for each rime inrerval. 

warer used in rhe resr. 

Capaciry of pump supplying warer ro the 

All head loss calibration dara. 
Nore any commenrs considered necessary ro 

help evaluare rhe rest resulrs. 
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APPENDIX 

X1. PROCEDURE USING A P N E U M A T I C  PIEZOMETEK WITH T W O  PACKERS 
I S O L A T I N G  T H E  TEST I N T E R V A L  

X1.1 E q u i p m e n t  Assembly  (Refer to figs. S1.1 and 
XI.2).-A complete straddle packer unit is assembled as 
fol lows. 

X1.l.l Connect a predetermined length of perforated 
injection (feed) pipe to the lower packer. (The length of 
perforated pipe is determined by the thickness of the zone 
to be tested.) Connect the inflation cubing to the lower 
packer, and lower the sliding heJd end of. the packer inco 
the drill hole. (See subpar. 11.1.2.1.6 for calibration of 
packers.) 

X1.1.2 Clamp the top of the perforated injection pipe 
at the hole collar, and connect the upper packer with the 
sliding head already down the hole. 

Provide approximately 12 inches ($00 m m )  of 
slack in rhe inflation tubing between the two packers to 
allow for retraction of rhe upper packer sliding head. 
Connect rhe tubing to the upper packer. 

Install the pneumatic piezometer, piezometer 
tubing, packer inflation cubing, and sealed lengths of 
injection pipe to che head adaptor. 

Lower the entire unit into the drill hole adding 
lengths of sealed injection pipe as necessary to reach the 

Xl.l.3 

X1.1.4 

Xl.1.5 

. 4333 

interval to be rested. As the unir is lo\vt;red. ihe picker 
intiation tubing Lind the piezuinerer tubing is unreeled into 
the hole and raped to the sealed injection pipe a t  
approxiinarely i 0-foot intervals. 

Upon reaching the test depth. luck both the 
inflation tubing reel and the piezometer rabing reel: connect 
the inflation tubing by quick-connect coupiings to 3 nirrogen 
or compressed air bottle equipped with ;I high pressure 
regularor; connect the piezometer tubing by quick-connect 
couplings to the readout box; and connect the injection 
pipe to the water pressure source. The test is now ready 
to begin. 

S1.1.6 

X1.l Test P r o c e d u r e  

51.1.1 After the unit has been lowered to rhe test 
interval and before inf!aring the packers, any water h e d  
above the rest interval must be determined. This head \rill 
show as pressure on rhe pneumatic piezometer gauge and 
can be verified by running a water level indicator into 
the hole to measure the depth to the water cable. T h e  
piezometer wil l  register water pressure that can be 
converted to head of water. This  water head should be 
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From compressed air 
or nilrogen bollle 

~ ~~ 

PIEZOMETER TUBING REEL 

Packer inflation tubing 

UPPER DRILL HOLE PACKER AND PRESSURE MONITORING EOUIPMENT FOR N X HOLE 

FiSure X1.2. - L'pper drill hole &e: Jnd pressure rnonltoring equipment for NS hole. 

used co determine the minimum inflacion pressure ro be 
applied to the packers by che following equarion: 

5H+ PPf PE = minimum inflation pressure 

where: 
SH = scaric pressure ar  the midpoint elevarion of che 

PP = gauge pressure co be maincained during rhe lest, 

PE = pressure needed ro expand packer ro hole 

cesc interval, Ibf/in2 or kPa 

Ibf/ in2 or kPa 

diameter as derermined before insertion in the 
drill hole by expanding rhe packer in a length 
of pipe having a diameter similar to the hole 
diameter, Ibf/in: or kPa 

Inflarion pressure gauge is in unics of Ibf/inz ikPa). 
T h e  sratic warer level measured before rhe packers are 

inflaced might be a composite warer level (see subpar. 
13.3.4). 

Inflace che packers, and decermine wacer head 
for rhe resr inrerval. This is the scacic head co be used 
for calcularion of hydraulic conducriviry. If che sraric head 
is - significantly- ~~ differenr from che composire measured 

X1.2.2 

before che packers were infhred. realculacion u t  packer 
inflation pressure may be required. The  final packer 
inflation pressure should be rhe lowest practical pressure 
co seal the rest inrerval againsr rhe rnaxiinuin injecrion 
pressure co avoid fracturing of rhe macerial being resred. 

Xt .2 .3  Afrer the  inflarion pressures have  been 
derermined, deflare the packers; f i l l  and flush rhe system 
with wacer uncil all enrrapped air has been removed. This  
is accomplished by filling che injection pipe un+r a graviry 
head 2nd IeJving the air-rele>se valve open 3c  the cop 
of rhe injecrion pipe tee a t  an elevaciun higher rhan che 
injection hose. T h e  valve niusc remain open uncil a11 air 
has been removed and warer runs freely. indicaring a filled 
system. hc this poinr, wacer is fluwing around rhe det'lared 
pricker system and is coinplerelv tilling [he annulus berween 
rhe drillhole and rhe packers. In che case of a n  inrerval 
wirh a high injection rure, i r  may be necessary c o  keep 
rhe air valve closed co keep from encraining air inro rhe 
rest inrerval. 

X1.2.4 Cluse the air rele.ise valve a r  rhe top of [he 
injecrion pipe and slowly inflace rhe packers ro the 
predetermined inflation pressure. 

Lock in the inflation pressure by closing the 
~ pressure-valve in~che  packer tubing. I f  rhe pressure~gJuge 

Xl .2 . j  

. .  
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on the closed system remains steady, it verifies a seiled 
system. At this point, water injected under gravity head 
approaches 3 constant flow rate. 

Record the piezometer pressure after packer 
inflation. For a n  interval of very low injection rare, this 
is equal to the height of the injection standpipe plus the 
pressure recorded a t  the hole collar gauge. For a test interval 
with a high injection rate, the readout would show the 
same value less any friction from water flow through the 
injection pipe. 

Proceed with the test by applying the selected 
pressures at  the  test interval and monitoring the flow rate 
and pressure on the  pneumatic piezometer. 

To accurately compute hydraulic conductiviry, 
the down-hole pressure must remain constant. A zone with 
a high injection rate must be monitored more closely than 
a zone with a small injection rare, and adjustments made 
to hold the down-hole pressure constant. To accomplish 

X1.2.6 

X1.2.7 

X 1.2.8 

this, the injection pressure shown on  the collar gauge [nust 
be adjusted in order to maintain the down-hole pressure 
consranc 

1159 

NUTE Xl.-For example. a pressure stage is srarted with die 
collar gauge reading 5 5  Ibf/in: (241 kP31 and the down-lide 
piezomcrer reding 2 0 0  Ibf/in: (1330 kPa). As the flow increases. 
the down-hole pressure may drop to l j0  Ibf/in2 00j : i  ~ P J I  
because friction loss in the injecrion pipe 2nd the collar p u S e  
wouId have to be adjusted to bring the down-hole pressure gauge 
back up co 200 Ibfjin:. When the flow decre;lses from a fast 
to aslow rate. the collar gauge pressure would have to be decreased. 

X1.2.9 T h e  test is completed following one or more 
stages of pressure increases and pressure decreases. 
Following the last stage, deflate the packers and close the 
injection line. The system is now ready to move to the 
next test interval for repetition of this procedure. 

f 
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A Method for Determining the Hydraulic Properties 
of Tight Formations 

JOHN D. BREDEHOEFT AND STAVROS s. PAPADOPULOS' 

U.S. Geological Survey. Resfon. Virginia 22092 

A method for testing formations of  very low permeability is presented. The method is based on an ana- 
lytical solution that describes the decay of a head change caused by pressurizing the volume of water 
stored in a shut-in well. Type curves prepared from this solution are matched with observed data to de- 
termine the hydraulic properties of  the formation tested. The test is similar to the conventional slug test; 
however. its much shorter duration m a k e  the testing of  extremely tight formations feasible. 

~NTRODUCTION 

Geohydrologists are showing an increasing interest in the 
hydraulic properties of so-called 'tight formations,' those units 
that are usually considered to be almost impermeable, for ex- 
ample, tightly compacted clays, rock units in which fractures. 
if they exist, are essentially closed or filled. or matrix rock be- 
tween fractures. As the subsurface geologic units are being 
considered for the disposal of a variety of wastes, some of 
which are quite hazardous, the need often arises for quan- 
titatively evaluating the ability of these tight units to restrict 
the transport of wastes by ground water. The problem is how 
to conduct field tests for determining their hydraulic proper- 
ties. Pumping tests in adjacent, more permeable units, if any, 
would have to be conducted for inordinately long periods of 

' time to reflect the properties of such tight confining beds, 
therefore such tests are generally not feasible. The 'slug test' 
as presented by Cooper et a!. [1%7] has been suggested as a 
possible means for testing formations with low transmissivity 
[Pupudopufos et af., 1973). m e  duration of this test can be 
shortened by utilizing a standpipe of small radius. However. 
-as will be shown later, when the transmissivity of the forma- 
tion to be tested is extremely low, the standpipe radius needed 
to conduct this test within a reasonable period of time is too 
small to be practical. 

In this paper we present an alternative method for eval- 
uating tight formations in which the field test can be con- 
ducted within a relatively short period of time. The method is 
essentially a modification of the conventional slug test. ln- 
stead of causing an instantaneous water level change and ob- 
serving its decay in an open standpipe, the well is filled with 
water to the surface and suddenly pressurized with an addi- 
tional amount of water. The well is then shut-in and the decay 
of pressure, or of the additional head change caused by the 
pressurization. is observed. Possible arrangements for im- 
ducting a test of this type are shown in Figure I .  The theory 
for analyzing pressure or head decay data from the test and a 
Comparison of the method to the conventional slug test are 
presented below. 

THEORY 
Consider a well system similar to one of those shown in Fig. 

urn I .  The initial head in the interval to be tested may or may 
not be known. depending on the time that has elapsed since 

' Now at S. S. Papadopulos and Associates. Inc.. Potomac. Mary- 
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the well has been drilled. Thus prior to the test the water level 
in the well could be stable, or it could be rising or failing. 
However, because of the low hydraulic conductivity of the 
formation any rise or fall of the water level is at a very slow 
rate. To conduct the test, the system is tilled with water, and 
after a period of observation of the water level the system is 
suddenly pressurized by injecting an additional amount of 
water with a high-pressure pump. The system is then shut-in, 
and the head change Ho caused by the pressurization is al- 
lowed to decay. The head variation in the system is schemati- 
cally shown in Figure 2. 

We are interested in obtaining a relation between (1) the 
head change H in the system (see Figure 2) at any time t alter 
pressurization and (2) the hydraulic properties of the tested 
interval. It is assumed that the water level decline which fol- 
lows the W g  of the system with water is at such a slow rate 
that it is either negligible for the duration of the pressurization 
period or it can be projected to the end of this period without 
significant errors. The head change Ho is superimposed on this 
water level decline, and both H,, and H are measured above it 
or its projection (see Figure 2). It is further assumed that the 
flow in the tested interval is primarily radial and that the hy- 
draulic properties of the formation remain constant through- 
out the test. 

Under these assumptions the boundary value problem de- 
scribing the flow system can be expressed as 

8 h  I ah s ah 
a? r ar T at 
- + - - = - -  

h(r, 0 )  = 0 

h(-, I )  = 0 

h(r, I )  = H(I)  

H(0) = Ho 

dh aH 
ar dt 

Znr,T--(r, I )  = V..CIpyg-(f) 

where 

h head change in the tested interval of the formation due 
to the pressurization, dimension L; 

r radial distance from the center of the well, L: 
S storage coefficient of the tested interval, dimensionless; 
T transmissivity of the tested interval, L 2 / Z  
r, radius of well in the tested interval. L; 

voiume of water within the pressurized section of the sys- 
tem, L'; 
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Fig. I .  Possible arrangements for conducting pressurized test (0) in unconsolidated formations and (b)  in consolidated 
formations. 

C, compressibility of water, L P / M ,  
p, density of water, M/L'; 
g gravitational acceleration, L / F .  

And Hh H, and t are as previously defined. Equation (I) is the 
diaerential equation of nonsteady radial groundwater Bow in 
a confined formation (Jacob. ISSO]. Equations (2) and (3) state 
that the head change due to the pressurization of the system is 
initially zero everywhere in the formation, and that at infinity, 
that is, at very large distances from the well, the head change 
remains equal to zero at all times. Equation (4) states that at 
the well face the head change in the formation is equal to the 

TIME - 
Fig. 2. Schematic variation of head in well system prior to and after 

* '  . /  pressurization. 
. .  

head change in the well. and (5) states that the initial t 
change in the well is equal to Ho. Finally, (6) states that 
rate at which water flows from the well into the formatior 
expressed by applying Darcy's law at the well face, is eqw 
the rate at which the volume of water stored within the p 
surized system expands as the head, or the pressure, within 
system declines. It is assumed that volumetric changes du 
the expansion and contraction of other components of the 
tem are negligible. 

With the exception of the form of (6). the boundary Vi 

problem presented above is identical to that describing a < 
ventional slug test [Cooper et 01.. 19671. Io a conventional 
test the rate at which water flows from the well into the for 
tion is equal to the rate at which the volume of water store 
the well changes as the water level decline in the well. 
equivalent of (6) is therefore expressed by Cooper et al. [ 1' 
p. 264. equation ( 5 4  as 

ah 3H 
2wrsT--(r, I )  = nr:*f) 

ar at 

where r, is the radius of the well casing. or of the standpipe, i 
the interval over which the water level decline takes placc 
Note that (7)  becomes identical to (6) if rc2 is replaced b 
V..C.p.,g/n. Therefore the solutions for a conventional slu 
test presented by Cooper'ef al. [ 1967. p. 264. equation (8). an 
p. 265. equation (9)] become solutions to the problem dc 
scribed above if V,C.p,g/n replaces r: everywhere in the s( 
lutions. The resulting solution for the head change in the we 
is 

From Cooper et al. [1967. p. 265. equation (9)] the functio 
F(a. b), a and /3 being dummy variables corresponding to th 
first and second parameters of the function. can be defined as 
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TABLE I. Values of the Function flu, 8) 
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P a= 0.1 a=0.2 u= 0.5 a= 1 a= 2 a= 5 a= 10 

c . o o c o o t  
c . o o c o o 2  
0 .on(  004 
0 . O O C  GO6 
0 .00c 0 0 8  
0 . O n C O  1 
O . O n c o 7  
0 . n n ~ 0 4  
0 .00c  (16 
o . o o c 0 8  
0.00c1 
o . O n C ?  
O . O O C 4  
0 . 0 0 1 0  
O.Onf8 
0 . 0 0 1  
0.002 
0 . 0 0 4  
o.cne 
C.Gn€ 
0.01 
0 .n2 
0.04 
0.06 
P .OP 
0 . 1  
0 .2 
0.4 
0 .6 
0.8 
1. 
i. 
4 .  
t .  

10. 
20. 
4C 
6 0 .  

1nc. 

. e. 

no. 

2110. 
*no. 

ana. 
6 0 0 .  

1000. 

(1 .a993 
0.9990 
0 . 9 S b 6  
0.9902 
9,09r(0 
0.9977 
0.99b8 
3.9955 
0.9944 
0.9936 
0.9929 
0.989P 
0.9055 
0 . 9 p 2 2  
9 . 9 7 9 4  
0.9769 
n.9670 
0.9528 
0.9417 
0.9372 
0.9238 
0.8904 
9.8471 
0 . 8 0 4 f !  
n.7734 
0.745C 
O.64lP 
(r ,5095 

0.359a 
0.3117 
0.17hO 
n.flP761 
0.05527 
‘0.93963 

0.01 408  

n .4227 

n . n 7 0 6 ~  

o . o n ~ g o  
n. 004367 

o . n o i 2 7 i  

0.003242 
0 .OF2577 

0.9YS0 
0.99eh 
0.99cn 
0.9G75 
0.9971 
0 . 9 3 C f i  
0.9955 
0.9936 
0 . 9 9 i 2  
0.9909 
0 . 9 U S Q  
U.9857 
0.9797 
0.9752 
0 .5?13 
0.9479 
0.9546 
0.9357 
n . w i 1  
0 .9ne9 
0.139.52 
0.H562 
0.79eo 
0.7546 
0.7150 
o . w m  
0.5774 
0.445P 
0 . 3 6 4 7  
0.1072 

0.1519 

0.04595 

0.02f70 
o.Ol3hl  

0 2 6 4 8  

o .c7t  se 

o.03tse 

o . n n t s c 8  
a . o n c 3 i ~  
0.001214 
0.00iSC9 
0.OnlZbh 
0.0006?95 

0.9984 
11.9977 
0.9068 
0.9961 
0.9955 
0 ,9945 
n .9925 
n. 9b99 
n.9877 
0.9858 
n.9&,1 
0.9776 
0.9685 
#e9615 
0.9557 
n.95dc 
o . 9 3 n ~  
0.9031 
0 . 8 b 2 5  
n -8654 
0.850C 
0.7947 
0.7214 
0.6697 
n.6289 
0.5’)51 
0.4799 
0.3566 
0.2864 
0.2397 
O.2Obl 
0.1202 
0.06*20 
0.0*331 
0.03254 
0.02bnO 
O.Ol2OR 
O.O1)6-? 74 
0.004229 
0 . 0 0 3 1 6 3  
a. 0025?6 
O.OOlZ5R 
0.0006?72 
0.0004177 
O.OCO3 131 
n .ooot50* 

0.9917 
0.9968 
0.9955 
0.9905 
0.9936 
0 e9929 
0.99011 
0.9858 
0.9827 
0.98OO 

0.9687 
0.9560 
0.9465 
0.9385 

0.90611 
0.4686 
0.0419 
0.0202 
0.8017 
0.7336 
0.6489 
0.5919 

0.9771 

0.9315 

0.5486 
0.5137 
0.4010 

0.2311 
0.1931 

0 a09912 

o . m ~ z  

0.1663 

o .os521 
0.0383n 

n.oi219 

fl.02933 
0 m02376 

0 . 0 0 6 1  71 
fl. 004 132 
0.00310S 
0 .002487  
C.001247 
0 . 0 0 0 6 2 4 2  
r ~ . o n 0 4 i a  
o . 00n3123  
o.no02495 

0.9968 
0 99S5 
0.9936 
0 9922 
0.9910 
0.9900 
0.9RS8 

0.9757 
n.octoi 

n . 9 ~ 2 0  
n 
0.9562 
n.uv35 
o . w e  

17.9057 
0.9151 

4.6702 
0.8232 
0 T89t  
0.762t 
0.7400 
0.6595 
n .SA54 
0.5055 

0.4276 
0.3234 
0.2792 

0.4618 

0.1117 

0.1315 
n.1521 

0.00044 
0.0466P 
0 .03326  
0.02594 

0.01133 
0.005997 

0.0213n 

o.on.39q4 
0 . 0 6 3 0 2 9  
0 On 24.3 1 
0 . 0 0  1230 
6 . 0 0 0 6  195 
0 .0064 I 4  1 
0.0n031 i o  
0 . 0 0 0 2 4 C 0  

0.9948 
0.Y927 

0.9876 
0.9857 
0.9841 
0.9776 
0.Y687 

0.9562 

o.ses8 

0.9619 

0.9512 
q.Q321 
0.9061 
0.8869 
o.cJ711 
0.0576 
0.8075 
0.7439 

0.6662 
0.6384 
0.5450 
0.4454 
0.3872 
0.3469 
0.3168 
0.2313 
0.1612 
0.1280 
0.1677 
0.09375 
0.05940 
0.03621 
0.02663 
0.0212s 

0.009943 
0.005395 
O.fi03726 
0.002853 
0 .002313  

0 . o 0 0 6 0 8 5  
0.0004087 
0.0003078 
0 .  bOO2469 

0.7001 

o .n i77r  

a .  on 1194 

0.9923 
0.9894 
0.9853 
0.9822 
0.9796 
0.9773 
0.9683 

0.9464 
0.9387 
0.9318 
0.9059 
0.871 1 
0.8458 
0.8253 
0.8079 . 

0 7450 
0 ,6684 
0.6178 
0.5797 

0.9558 

0.5492 
0.4517 

0 .3030  
0 e2682 
0.2428 
0.1740 
0.1207 
0 09616 
0.08134 
0.07120 
0 04620 
0.02908 
0 021 85 
0 * 0 1 7 7 1  
0.01499 
0.008716 
0.004898 
0 003445 
0.002668 
0.002181 
0.001149 

0.0004016 
0.0003035 
0.0002440 

0.3556 

0.0005944 

where 

and Jo(u), Jl(u),  Yo(u), and Y,(u) are the zero and first-order 
B e l  functions of the first and second kind. 

Tables of function F(a, B) against p are given by Cooper et 
d. [I9671 and Pupudopulos et uf. (19731 for 10 orders of a, a = 

to a = IO-’. However, the first parameter of the function 
in (8) could often have values that are much larger than IO-’; 
therefore additional values of the function for several a. in the 
range IO-’ 5 a 5 10, were computed and are given in Table I. 
It can be shown that for small values of the ratio b/a. that is. 
for small /3 or large a, the function can be approximated by 

When this approximation is valid, the function ceases to be 
dependent on both a and /3 and depends only on the product 
up. Values of the approximation are given in Table 2. Plots of 
F(a. 8). as define$ by (9). and of the approximation given by 
(IO) against the product parameter ab. as shown in Figure 3, 
indicate that for the practical purpose of analyzing test data 
the approximation can be used whenever a is larger than IO. 

TABLE 2. Valua of the Approximation to F(a, 8) Given by (10) 

&lo aP Eq.10 

0.0000C1 0.9977 
0.000002 0.9968 

0.000006 O.Yq45 
0 . 0 0 0 0 0 8  U.9936 
o.ono3i 0 .9929 
o . o n o o i  0.9900 
o.anons 0 9859 
o . o o o n t  O.YP20 
o.Onoo2  0.9801 
n . ( rna i  0 .9779 
0 . 0 n o z  0.968’3 
0 . 0 0 0 4  U.8564 
0.0906 0.9170 
o.ono8 0.9392 . 
0.001 0.9325 
6.002 C.9066 
n.0n4 0.8719 
0.0n6 0.8167 
n . o m  0 -8263 

o.onaoC6 0.9955 

0 .01  o.eo9n 
n.07 0.7bb6 
0 . 0 4  0.6709 
Q . 0 6  0 6209 
0 . 0 8  0 .SA39 
0 . 1  0 .5536 
0.2. 0.4582 
0 . 4  0.3647 

0.6 0.3137 
0.4 0.2000 
1. 0.2554 
2. 0.188B 

6. 0 .1129 
9. 0.0C025 

20. 0.0t26F 

4. n. 1370 

10. a .  ne81 3 

61). o . 0 3 6 3 0  
an. 0 . 0 3  149 

1 on. 0.02817 
200.  0 .01993 

0 .01410 400.  
600. o . n i 1 s i  
R O O .  0 . 0 0 9 9 7 2  

7 0 0 0 .  O.nOb.ro7 
1oon.  n . o o u 6 0  

Anon. n . n o ~ i s 4  
i o o a n .  0 .nOZ821 
z o o o n .  0 .OO 1095 

0.001410 rnoan.  
c n n a o .  0 . 0 0  1152 
ennoo.  0 .0009974 228 

i o o o o a .  0 .0008921 

4 0 .  0 . 0 4 4 4 0  

i n o o .  0 ,008920 

6 0 0 0 .  0 . 0 0 3 4 4 2  

i I ,  
.,. .. .. V ’  
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Fig. 3. Type curves of the function F(a, 8) against the product parameter as. 

METHOD OF ANALYSIS 

The method of analyzing pressure or head decay data col- 
lected during the test depends on whether the parameter a, 
that is. m;S/ V,,,C,.p,,g, is larger or smaller than 0.1. The meth- 
ods applicable for a 5 0. I and for a > 0. I are described below. 
Since the magnitude of a would not be known in advance, an 
attempt should be made to analyze test data by the method , 

applicable for a I 0.1. If this attempt indicates that a is larger 
than 0. I ,  then the method applicable for a > 0.1 is used. 

For a 5 0.1 the data are analyzed in a manner similar to 
that explained by Cooper ef 01. [ 19671 for the analysis of con- 
ventional slug test data. Briefly, the method consists of pre- 
paring a family of type curves, one for each a. of F(a, /3) 
against /3 on semilogarithmic paper. Observed values of H/H, 
are plotted agains! time f on semilogarithmic paper of the 
Same scale and are matched with a type curye by keeping the 
/3 and f axes coincident and moving the plots horizontally. 
The expressions corresponding to a and in (8), the a value 
of the matched type curve, and the /3 and t values from a 
match point are used to determine the transmissivity and the 
storage coefficient of the tested interval. 

In this range of a, that is, for a c 0. I ,  the type curves of F(a. 
/3) against /3 are somewhat similar in shape, but the horizontal 
shift from one type curve to the next is small and becomes 
smaller as a becomes smaller. Thus if the accuracy of the test 
data is such that a clear distinction cannot be made between 
adjacent type curves and the data are matched with the incor- 
rect type curve, the error in the determined storage coefficient 
would be as large as the error in a; however, because of the 
small horizontal shift in the type curves the error in the deter- 
mined transmissivity would be small. Analyses show that even 
an error of 2 orders of magnitude in a would result in an error 
of less than 30%0 in the value of the determined transmissivity 
[Pupudopulos et ul., 19733. Therefore the use of type curves 
prepared as described above yields good estimates of the 

transmissivity when a 5 0.1; but the storage coefficient could 
be of questionable reliability, as also stated by Cooper et of, 
[ 19671 and Pupudopulos et 01. [ 19731 in their discussion of the 
conventional slug test. 

The method of analysis described above is not suitable foi 
a I 0.1. As a becomes large both ( I )  the similarity in the 
shape of type curves prepared by plotting F(a, /3) against 6 
and (2) the horizontal shift from one curve to the next in. 
crease; the type curves tend to plot parallel to each other, and 
curves for a values that difer by I order of magnitude ploi 
one log cycle apart. Thus not only the probability of matching 
test data with the incorrect type curve increases. but also the 
error in the determined transmissivity. caused by the incorreci 
choice of type curve. becomes as large as that in the storage 
coefficient. This is due to the fact that for large a a major pan 
of the type  curve is defined by the approximation of (IO) and 
is dependent on the product up. In Figure 3. note that the u p  
per part of the curves for different a coincides with the curve 
for the approximation; the larger the a the greater the portion 
of the curve that coincides with the approximation. Since 

the analysis of test data that fall in the range of the approxi- 
mation would yield only TS. the product of transmissivity and 
storage coefficient. Therefore for a > 0.1 type curves of 
F(a. /3) against as. as shown in Figure 3. are more suitable for 
analyzing the test data. Analysis with these type curves pro- 
vides insight as to whether the data are adequate for identi- 
fying both a and /3 and hence determining both T and S, or 
whether the data fall in the range where only the prodtict TS 
can be determined. \ 

COMPARISON TO CONVENTIONAL SLUG TEST 
We stated earlier that the test described in this paper can be 

conducted within a relatively short period of time. Figure 4 
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was prepared to illustrate this point. It compares the decay of 
the head change caused by the pressurization of a system sim- 
ilar to that shown in Figure Ib with the decay of the water 
level zfter a conventional slug test in the same system. I t  is as- 
sumed that the conventional slug test was conducted by in- 
stantaneously changing the water level within the packer 
standpipe with the valve and pump disconnected. The follow- 
ing parameters and system dimensions were used in calcu- 
lating the curves shown in Figure 4 

Parameter Dimension 

Transmissivity of tested interval 
Storage coefficient of tested interval 
Thickness of tested interval 
Radius of well in tested interval 
Radius of stand pipe 
Length of stand pipe (bottom of 

packer to valve) 
Compressibility of water 
Density of water 

1 0- ' ' m2/s 

10 m 
0.1 m 
0.02 m 

90m 
4.6 x 10-'om2/N 
IO00 kg/m' 

4 x 10-4 

The response to pressurization was calculated using (8), and 
that to the conventional test by the applicable equation [Coo- 
per et 01.. 1967, p. 265, equation (9)], which can be expressed 
as 

H r 2 S  TI 
H,=+rsi)  

Note that complete decay of the head change requires a 
very long time, about IO' s (1 16 days) for the pressurized test 
and 1 0 ' O  s (1 16,000 days or 320 years) for the conventional test. 
However, in an actual field test, data collected during 50% 
decay of the head change ( H / H o  = 0.5). or at most an 80% 
decay ( H / H o  = 0.2) would be sufficient for analyzing the test. 

. For the pressurized test the time required for 50% decay is 
about 1400 s (24 min), and for 80% decay about 14,000 s (4 
hours). The corresponding times for the conventional test are 
3.5 x IO'S (410 days or 1.1 years) and 1.1 x I@ s (1300 days 
or 3.5 years), respectively. Obviously, for a conventional test 
the duration of even the 50% decay is too long to be reason- 
able for practical applications. 

DISCUSSION 
The comparison presented above clearly demonstrates the 

advantage of using the method described in this paper for 
testing tight formations. The assumed transmissivity corre- 
sponds to a hydraulic conductivity of IO-'' m/s. Some shales, 
basalts, and salt formations that are being considered for the 
disposal of hazardous wastes are expected to have an even 
lower hydraulic conductivity. For example, permeabilities 
corresponding to hydraulic conductivities of IO-''- IO-" m/s 
and of 10-v-IO-14 m/s have been reported for intact and frac- 
tured specimens, respectively, of an argillite from the Eleana 
Formation at the Nevada Test Site (Lin, 19781. The method 
presented here could be the only possible method for in situ 
evaluation of such formations. 

As in any other test method. this method is valid only if the 
underlying assumptions are satisfied in the field. Two critical 
assumptions are that (I) the flow in the tested interval is pri- 
marily radial and (2) the hydraulic properties of the tested in- 
terval remain constant throughout the test. In most instances 
the first of these assumption would be valid because ( I )  the 
length of the tested interval is usually much larger than the di- 
ameter of the well and (2) most natural formations have a ver- 
tical-to-horizontal anisotropy with the largest principal hy- 

1 10 I@ IW 1w 10' IW 10' IP 10' 10'0 
TIME. IN SECONDS 

Fig. 4. Head or water level decay in. well system during pressurized 
and conventional slug tests. 

draulic conductivity in the horizontal direction. To assure that 
the second assumption is satisfied. especially in fractured 
rocks, care should be taken during pressurization to keep the 
fluid pressure in the tested interval well below the least princi- 
pal rock stress to avoid either modifying the local per- 
meability or opening fractures. Unfortunately, in most in- 
stances the least principal stress is unknown; therefore it is 
advisable to limit the initial head change Ho to a magnitude 
only sufficiently large to be adequately measured. With mod- 
ern pressure transducers head changes of 0.01 m of water are 
easily measured. Initial pulses of 1-10 m (10-100 kPa) are 
quite sufficient in most instances; such changes in stress are al- 
most always too small to cause significant changes in rock 
properties. 

We stated earlier that the duration of a conventional slug 
test could be shortened by reducing the radius of the stand- 
pipe r, over the interval that the water level change takes 
place. Actually, for a given transmissivity and storage cwffi- 
cient the duration of a test, regardless of whether it is pressur- 
ized or conventional, depends on the volume of water that 
flows into the formation per unit decline of head. or water 
level, in the well. This volume per unit decline is VwCs,,,g in 
the case of a pressurized test and rr: in the case of a conven- 
tional test. Note that the solution for the pressurized test, 
equation (8). was obtained by substituting the first of these 
quantities for the second in the solution for the conventional 
slug test, equation (12). If these two quantities are equal to 
each other. the durations of both tests would be the same. In 
other words, if the conventional test is conducted with a 
standpipe that has a radius 

the duration of the test would be the same as that of a pressur- 
ized test. Of course, this may not be always possible. For in- 
stance, in the example used for the comparison of Figure 4 the 
radius required to reduce the duration of the conventional test 
to that of the pressurized test would have been 0.00078 m, too 
small a radius to be practical. 

Equation (13) can be used as a criterion (in conjunction 
with other factors pertaining to the convenience of conducting 
a test of one type or other) to select between the pressurized or 
the conventional slug test for testing a tight formation. In 
terms of duration the test that involves the smaller volume per 
unit decline of head would be the shortest. 
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Standard Test Method for 
Determining Transmissivity and Storativity of Low 
Permeability Rocks by In-Situ Measurements Using the 
Pressure Pulse Technique’ 

This standard is issued under the rued designation D 4 6 3  I; the number immediately following the designation indicates the year of 
oninal adoption or, in the cay of revision, the ycar of last revision. A number in parentheses indicates the year of last reapproval. A 
superscript epsilon (4 indicates an editorial change s i n e  the last revision or reapproval. 

1. scope 
1.1 This test method covers a field procedure for deter- 

mining the transmissivity and storativity of geological forma- 
tions having permeabilities lower than pm’ (1 
millidarcy) using the pressure pulse technique. 

1.2 The transmissivity 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 
surrounding rock is fully water saturated. 

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

1.4 This standard may involve hazardous materials, oper- 
ations, and equipment. This standard does not pUrpOR to 
address all of the safety problems associated with its use. It is 
the responsibility of the user of this standard to establish 
appropriate safety and health practices and determine the 
applicability of regulatory limitations prior to use. 

2. Terminology 
2.1 Descriptions of Terms Specific to This Standard: 
2.1.1 transmissivity, T-the transmissivity of a formation 

of thickness, 6, is defined as follows: 

where: 
K = equivalent formation hydraulic conductivity (efhc). 

The efhc is the hydraulic conductivity of a material if it 
were homogeneous and porous over the entire interval. The 
hydraulic conductivity, K, is related to the equivalent forma- 
tion, k, as follows: 

K = kpg/CI 
where: 
p = fluid density, 
p = fluid viscosity, and 
g = acceleration due to gravity. 

2.1.2 storativity, S-the storativity (or storage coefficient) 
of a formation of thickness, b, is defined as follows: 

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

T =  K * b  

S= S;b 

’ This ten mahod is under the jurisdiction of ASTM Committee D18 on Soil 
md Rock and is the d i m  responsibility of Subcommittee D18.12 on Rock 
Mechanics. 
Current edition approved OCI. 31. 1986. Published December 1986. 
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The ebrss is defined as the specific storage of a materid if it 
were homogeneous and porous over the entire intervd. ne 
specific storage is given as follows: 

S, = pg (C, + nC,) 
where: 
c b  = bulk rock compressibility, 
C, = fluid compressibility, and 
n = formation porosity. 

2.2 Symbols: 
2.2.1 Cb-bulk rock compressibility (M-’LT’). - 
2.2.2 C,-compressibility of water (M-lLT’). 
2.2.3 K-hydraulic conductivity (LT-I). 
2.2.4 L-length of packed-off zone (L). 
2.2.5 P-excess test hole pressure (ML-IT’). . 
2.2.6 P,-initial pressure pulse (ML-IT’). 
2.2.7 S-storativity (or storage coefficient) (dimen- 

sionless). 
2.2.8 S,-specific storage (L-I). 
2.2.9 T-transmissivity (L’T-I). 
2.2.10 VM.-volume of water pulsed (L3). 
2.2.1 1 &formation thickness (L). 
2.2.12 e-fracture aperture (L). 
22.13 g-acceleration due to gravity (LT-I). 
2.2.14 k-permeability (L‘). 
2.2.15 n-porosity (dimensionless). 
2.2.16 r,-radius of test hole (L). 
2.2.17 t-time dapsed from pulse initiation (T). 
2.2.18 a-dimensionless parameter. 
2.2.19 @-dimensionless parameter. 
2.2.20 p-viscosity of water (ML-IT-’). 
2.2.21 p-density of water (ML-3). 

3. Summary of Test Method 
3.1 A borehole is first drilled into the rock mass, inter- 

secting the geological formations for which the transmissivity 
and storativity are desired. The borehole is cored through 
potential zones of interest. and is later subjected to 
geophysical borehole logging over these intervals. During the 
test, each interval of interest is packed off at top and bottom 
with inflatable rubber packers attached to high-pressure steel 
tubing. After inflating the packers. the tubing string is 
completely filled with water, 

3.2 The test itself involves applying a pressure pulse to the 
water in the packed-off interval and tubing string, and 
recording the resulting pressure transient. A pressure trans- 
ducer, located either in the packed-off zone or in the tubing 
at the surface, measures the transient as a function of time. 
The decay characteristics of the pressure pulse are dependent 
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FIG. 1 Comparative Times for Pressure Pulse and Slug Tests 

)n the transmissivity and storativity of the rock surrounding 
he interval being pulsed and on the volume of water being 
ulsed. Alternatively, under non-artesian conditions, the 
Iulse test may be performed by releasing the pressure on a 
hut-in well, thereby subjecting the well to a negative 
jressure pulse. Interpretation of this test method is similar to 
hat described for the positive pressure pulse. 

1. Significance and Use 
4.1 Test Method-The pulse test method is used to 

jetennine the transmissivity and storativity of low-perme- 
ibility formations surrounding the packed-off intervals. The 
est method is considerably shorter in duration than the 
lump and slug tests used in more permeable rocks. To 
ibtain results to the desired accuracy, pump and slug tests in 
ow-permeability formations are too time consuming, as 
ndicated in Fig. 1 (from Bredehoefi and Papadopulos (1)).* 

4.2 Analysis-The transient pressure data obtained using 
,he suggested method are evaluated by the curve-matching 
echnique described by Bredehoefi and Papadopulos (l), or 
)y an analytical technique proposed by Wang et af (2). The 
latter is particularly useful for interpreting pulse tests when 
mly the early-time transient pressure decay data are avail- 
Bble. 

4.3 Units: 
4.3.1 Conversions-The permeability of a formation is 

Dften expressed in terms of the unit darcy. A porous medium 
has a permeability of 1 darcy when a fluid of viscosity 1 CP ( 1 
mPa.s) flows through it at a rate of 1 cm3/s m3/s)/I 
Em2 ( m2) cross-sectional area at a pressure differential 
Of I atm (101.4 kPa)/l cm (10 mm) of length. One darcy 
Corresponds to 0.987 pm'. 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 schematic of the test equipment is shown in Fig. 2. 

5.1 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 rise time of less 
than 1 '3% of one half of the pressure decay (P/ Po = 0.5). 

5.2 Packers-Hydraulically 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 rigid. Each packer shall seal a portion 01 
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 less than the 
formation fracture pressure 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 01 
time. The pressure transducer shall have an accuracy of ai 
least rt3 kPa (k0.4 psi), including errors introduced by thc 

TABLE 1 Viscosity of Water as a Function of Temperature 

Temperature. 
OC ,. 

rnPa . s 

Absolute 
Viscositv. 

- 
~ 'The boldface numbers in parentheses refer to the list of references at the end 
Ofthis standard. 
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0 
2 
4 
6 
8 

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

1.79 
1.67 
1.57 
1.47 
1.39 
1.31 
1.24 
1.17 
1.11 
1.06 
1 .oo 
0.96 
0.91 
0.87 
0.84 
0.80 
0.77 
0.74 
0.71 
0.68 
0.66 ~ 
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FIG. 2 Schematic ot Test Equipment 

recording system, and a resolution of at least 1 kPa (0.15 psi). 
5.4 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 
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 is used, a 
fast-operating valve shall be mounted in the tubing at the 
surface near the pressure pump. 

6. Procedure 
6.1 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 right angles. 

6.1.2 Test Hole Quality-The drilling procedure shall 
provide a borehole sufficiently smooth for packer seating, 
shall contain no rapid changes in direction, and shall 
minimize formation damage. 

6.1.3 Test Holes Cored-Core the test holes through 
zones of potential interest to provide information for lo- 
cating test intervals. 

6.1.4 Core Description-Describe the rock core from the 
test holes with particular emphasis on the lithology and 
natural discontinuities. 

6.1.5 Geophvsicul Borehole Logging-Log geophysically 
the zones of potential interest. In particular, run electrical- 
induction and gamma-gamma density logs. Run other logs 
as required. 

6.1.6 Iihshing Test Holes-The test holes must not 
contain any material that could be washed into the perme- 

4 3 5  

able zones during testing, thereby changing the trans 
missivity and storativity. Flush the test holes with clean 
water until the return is free from cuttings and other 
dispersed solids. 

6.2 Tesr Intervals: 
6.2.1 Selection of Tesr Inlervals-Test intervals are deter. 

mined from the core descriptions, geophysical borehole logs, 
and, if necessary. from visual inspection of the borehole with 
a borescope or TV camera. 

6.2.2 Changes in LirhologJI-Test each major change in 
lithology that can be isolated between packers. 

6.2.3 Sampling Discontinuities-Discontinuities are often 
the major permeable features in hard rock. Test jointed 
zones, fault zones, bedding planes, and the like, both bv 
isolating individual features and by evaluating the combini 
eflects of several features. 

6.2.4 Redundancy of Tests-To evaluate variability in 
transmissivity and storativity, conduct several tests in each 
rock type, if homogeneous. If the rock is not homogeneous, 
each set of tests should encompass similar types of 
discontinuities. 

6.3 Test Water: 
6.3.1 Quality-Water used for pressure pulse tests shall be 

clean, and compatible with the formation. Even small 
amounts of dispersed solids in the injection water could plug 
the rock face of the test interval and result in a measured 
transmissivity value that is erroneously low. 

6.3.2 Temperature-The lower limit 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 will 
radically modify the pressure transient characteristics. 

6.4 Testing: 
6.4.1 Filling and Purging Svstem-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 string 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 Test-Rapidly pressurize the tubing 
typically to betwekn 300 and 600 kPa (50 to 100 psi), and 
then shut in. This range of pressures is in most Cases 
sufficiently low to minimize distortion of fractures adjacent 
to the test hole, but in no case should the pressure exceed the 
minimum principal ground stress. Record the resulting 
pressure pulse and decay transient detected by the pressux 
transducer as a function of time. A typical record is shown in 
Fig. 3. 

7. Calculation and Interpretation of Test Data 
7.1 The type of matching technique developed b! 

Bredehoeft and Papadopulos (1) involves plotting normal- 
ized pressure (the ratio of the excess borehole pressure, p. a' 
a given time to the initial pressure pulse, Po) against the 
logarithm of time. as indicated in Figs. 2 and 3. The 
decay is given as follows: 

P (1' 
- = f(a,B) 
Po 

where: 
a and B = dimensionless parameters given by: 
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a = rrwz S[VwCwDg 

p = P7t/VwCw”g - 

(s[E, D 4631 

!here: 
= volume of water being pulsed, 
= wellradius, 
= time elapsed from pulse initiation, 

= transmissivity, and 
:w = compressibility of water, 

I = storativity. 
7.1.1 In Fig. 3, the pressure of the packedsff interval and 

ibing filled with water is considered constant. In those cases 
here the response of the system to filling is time dependent, 
iterpretation of the pressure pulse test is unaffected, pro- 
ided the time dependency is linear. Neuzil(3) has proposed 

0.9 L 

0.8 - 

0.7 - 

0.6 - 
s 

0.4 

0.2 

a modification to the Bredehoeft and Papadopulos procedure 
for interpreting test data when the response of the system to 
filling is non-time dependent and when the compressibility 
of the shut-in well is significantly larger than that of water. 
Tables of the function F(u. 8) have been provided by Cooper 
et a1 (4). Papadopulos (5), and Bredehoeft and Papadopulos 
(1). 

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

7.2.1 For a < 0.1, the data are analyzed by the method 
described by Cooper et ul (4), in which the family of curves 
shown in Fig. 4 for F(a. 0) as a function of P for various 
values of 01 are used. Observed values of PIP, are plotted as 
a function of time, t ,  on semilogarithmic paper of the same 
scale, and are matched with a type curve by keeping the t9 
and t axes coincident and moving the plots horizontally. 

7.2.2 The expressions corresponding to a and P in Eqs 1 
and 2, the a value of the matched type curve. and the P and 
t values from a match point are used to determine the 
transmissivity, T, and the storage coefficient, S, of the tested 
interval. Bredehoeft and Papadopulos (1) indicate that this 
procedure yields good estimates of the transmissivity when a 
I 0.1, but that the storage coefficient could be of question- 
able reliability for values of a < 

7.2.3 For a > 0.1, Bredehoeft and Papadopulos (1) 
recommend the use of the family of curves shown in Fig. 5 

for F(a, 8) as a function of the product a0 = ( ($$w;.2) to 

interpret the data. Matching of the observed values of PIP, 
plotted as a function of r with a type curve is performed in 
the same manner as indicated previously for a 5 0.1. In this 

FIG. 4 Type Curves 01 the Function F (a, 8) Against the Parameter 8 for Different Values of a 
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way, the product TS and S are determined. Analysis with the 
type curves shown in Fig. 5 provides an indication as to 
whether the data are adequate for identifying both CY and @ 
and hence, determining both S and T, or whether the data 
fall in the range where only the product TS can be 
determined. 

7.3 Wang et a1 (2) present an alternative method of 
analyzing pressure pulse data involving analytical solutions 
for pulse decay in 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 boundaries begin to influence the pressure data. 
Wang found by linear regression of calculated decay pressure 
versus time an empirical expression for the fracture aperture 
of the following form: 

log (e/106) = -0.32 log ( t )  + C 
+ 0.32 [2 log (r,/0.04)12 
+ log (2.394pCw x 10 )] + 0.333 log (L/2). 

(4) 

where: 
e 
t = time, s, 
r, = borehole radius, m, 
p = 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 

= parallel-plate equivalent aperture, m, 

decay, as follows: 

Fraction of pulse decay, (Po - P)/P,  0.05 0.10 0.15 
Wang constant. C: 1.09 I .20 I .27 

7.3.1 Wang shows that in test zones containing two 
fractures of different apertures, the wider fracture dominates 
the early time behavior. The early pressure pulse decay 
therefore reflects the major fracture only. Doe, et a1 (6)  view 
individual fractures as confined aquifers whose 
transmissivities are given by the cubic relationship: 

T =  pge3/12p ( 5 )  
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Thus, Eq 5 provides transmissivity in terms of a par&]- 
plate equivalent fracture aperture calculated from Eq 4. 

7.3.2 Eqs 4 and 5 can be solved for the early-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 introductory section is intended 

to present the scope and purpose of the pressure pulse test 
program, and the characteristics of the rock mass tested. 

8.1.1.1 Scope of Testing Program: 
8.1.1.1.1 Report the location and orientation of the 

boreholes and test intervals. For tests in many boreholes or 
in a variety of rock types, present the test matrix in 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 Discuss in general terms the limitations of the 
testing program, stating the areas of interest which are not 
covered by the testing program and the limitations of the 
data within the areas of application. 

8.1.1.2 Brief Description of the Test Intervals-Describ 
rock type, structure, fabric, grain or crystal Size. 
discontinuities, voids, and weathering of the rock mass in the 
test intervals. A more detailed description may be needed for 
certain applications. In a heterogeneous rock mass of for 
several rock types, many intervals may be described; a 
tabular presentation is then recommended for clarity. 
S. 1.2 Test Method: 
8.1.2.1 Equipment and Apparatus-Include a list of the 

equipment used for the test. the manufacturer’s name. mode1 
number, and basic specifications for each major item. and 
the date of last calibration, if applicable. 

8.1.2.2 Procedure-State the steps actually followed in the 
procedure for the test. 
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8.12.3 Variations-If the actual equipment or procedure 
deviates from this test method, note each variation and the 
reasons. Discuss the effects of the deviations upon the test 
mults. 

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 limitations in their applications and 
discuss their effects on the results. 

8.1.3.2 Site Specific Influences-Discuss the degree to 
which the assumptions contained in the data reduction 
equations pertain to the actual test location and fully explain 
any factors or methods applied to the data to correct for 
departures from the assumptions of the data reduction 
equations. 

8.1.4 Results: 
8.1.4.1 Summary Table-Present a table of results, in- 

cluding the types of rock and discontinuities, the average 
values of the transmissivity and storativity, 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 
amplitude and decay time (or recording time, if the decay is 
incomplete). 

8. I .4.3 Graphic Data-Present pressure pulse decay 
versus time curves for each test. together with the appro- 
priate type curves used for their interpretation. 

8. I .4.4 Ofher-Other analysis or presentations may be 
included as appropriate. for example: ( I )  discussion of the 
characteristics of the permeable zones. (2) histograms of 
results, and ( 3 )  comparison of results to other studies or 
previous work. 

8.1.5 Appended Data-Include in an appendix a com- 
pleted data form (Fig. 6) for each test. 

9. Precision and Bias 
9.1 Error Estimmte: 
9.1.1 Analyze the results using standard statistical 

methods. Calculate all uncertainties using a 95 % confidence 
interval. 

9.1.2 Measurement Error-Evaluate the errors in trans- 
missivity and storativity associated with a single test. This 
includes the combined effets 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 minimum, the mean transmissivity and 
storativity and their ranges, standard deviations, and 95 % 
confidence limits for the means. Compare the uncertainty 
assoCiated with the transmissivity and storativity for each 

Data Sheet 

Test Location Borehole No. 

Rock Type 

Date 

Testing by Borehole Diameter. mm 

Rock Temperature. 'C 

Borehole Dip and Dip Direction 

Measured Depth of Test to Top Packer. m 

Equipment 
Oesaiption 

Send No. Date of last 
Calibration 

of packdoff Interval. m 0 Packer Pressure. kPa 

Length of Tubing Above Top Padcer. m 

Water Temperature, "C 

Tuhng ID. mm 

Maumum Pulse Pressure. kPa 

Rdse Decay Time. s 

FIG. 6 Data Sheet for In Situ Measurement of Transmissivity and Storativity Using the Pressure Pulse Technique 
. i  
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rock type with the measurement uncertainty to determine . 
whether measurement error or sample variability is the 

dominant factor in the results. 
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ElAPSED TIME 
t MIN 

FIELD PERMEABILITY TESTS 
RISING/FALLING HEAD* 

DEPTH TO WATER IN 
CASING S, FEET 

P R 0 J ECT 
PROJECT NO. 
BORING NO. 

TESTED BY 
CALCULATED BY 
CHECKED BY 

RADIUS OF WELL CASING, rc 
WELL SCREEN LENGTH, L (from log) 
SAND PACK LENGTH, Lfa, (from log) 
DEPTH OF WELL (feet) 
STATIC WATER LEVEL (feet) 
STATIC HEIGHT OF WATER IN WELL, H 

(feet) 
(feet) 
(feet) 

(feet) 

INITIAL DRAWDOWN DUE TO INSTANTANEOUS REMOVAL/ADDITION 
OF SLUG, S, 

DATE 
DATE 
DATE 

I 
~~ 

1 
*Reference: Bouwer and Rice, 1976 

3 05 
E- 1 04/05 l l :2lam, Rev. No: A 



Pumping Test and Yield Test 
Water Level Measurement Form 

t' t 
(min) (min) Date Hour:Min 

4333 

Remarks S' Meter Ave. 
Q Ut' (& (ft.) (sp - s') Reading 

(Sals.) 

Elevation (MSL): top of casing Observation weWpiezometer no.: 

Pumplyield test performed bymame): Project: 
Reference point measurements by: 
Method of measurement: 
Depth COHectiOn: b =  

Pumped well no.: 

Average Q at end of test gpm r = -  A. l.2 = 

b = saturated thickness (A) s =  measured drawdown (A.) 
r = distance from pumped well to 5' = residual drawdown (ft.) at t' 

Q 
observation well or piezometer (A.) se = drawdown at end of pumping period (final s) 

= flow rate(gpm) t =  elapsed time since pumping began (min) 
t' = elapsed time since pumping stopped (min) 

Reference: Bureau of Reclamation (1981) and Stallman (1971) 

ERAFSl \SYS:RSAPFSRSDATA\ 
OU-S\PO-37\GTIPFPT t :  ' ' ' a .  ' k' E-2 Rev. No: 0 



Packer Test 
Observation Well Water Level Measurement Form 

Date 

4333  

Remarks Meter Ave. 
bals.) Q t t' S' (SP-S') Reading Ut' (i) (ft.) Hour:Min (min) (min) 

Elevation (MSL): top of casing Observation weWpiezometer no.: 

Pumpin test performed bymame): Project: 
Reference point measurements by: 
Method of measurement: 
Depth Correction: b =  

Pumpin boring no.: 

Average Q at end of test gpm r = . -  ft. 8 = 

b = test interval thickness (ft) 
r = distance from pumpin test boring to 

Q = flow rate(gprn) 

Reference: Burenu of Reclamation (1981) and Stallman (1971) 

observation well or piezometer (ft.) 

S - - measured head change (ft.) 
S' - - residual head change (fi.) at t' 
SP 
t 
t' - - elapsed time since pumping stopped (min) 

- - 
- - 

head change at end of pumping period (final s) 
elapsed time since pumping began (min) 

i 

2 

3 

b 

J 

6 

7 

1 

9 

10 

II 

12 

13 

14 

I J  

16 

17 

18 

19 

20 

21 

n 

23 

24 

23 

26 

21 

211 

29 

XI 

31 

n 

33 

34 

3J 

% 

31 

38 

39 

u) 

41 

42 

43 

U 
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4333 
PACKER TEST 

DATA SHEET FOR IN SITU MEASUREMENT OF TRANSMISSIVITY 
USING THE CONSTANT HEAD INJECTION TEST 

Project Test No. 
Test Location Borehole No. 
Formahion Type 
Date 
Testing by Borehole Diameter, ft 

Borehole Dip and Dip Direction 
Measured Depth of Test to Top Packer, ft 

Formation Temperature, o C 

Equkment 
Descnphon 

Serial No. Date of Last 
Calibration 

Length of Packed-Off Interval, ft 
Length of Tubing above Top Packer, ft 
Water Temperature, o C 

Packer Pressure, psi 
Tubing ID, inches 
Shut-In Borehole Pressure, psi 
Constant Water Injection Pressure, psi 

Adapted from ASTM Method D 4630-86 

9 .  1 j . F .  
I .. *.J 
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PACKER TEST 
DATA SHEET FOR IN SITU MEASUREMENT OF TRANSMISSIVITY AND STORATIVITY 

USING THE PRESSURE PULSE TECHNIQUE 

4333 

Project Test No. 
Test Location Borehole No. 
Formation Type 
Date 
Testing by Borehole Diameter, inches 

Borehole Dip and Dip Direction 
Measured Depth of Test to Top Packer, ft 

Formation Temperature, o C 

Equip.ment 
Descnpaon 

Length of Packed-Off Interval, ft 
Length of Tubing above Top Packer, ft 
Water Temperature, o C 

Reference: ASTM Method D 4631-86 

ERAFS 1 \S YS :RS APPSWD ATA\ 
O U - S \ P O J ’ A G I I P ~  

Serial No. Date of Last 
Calibration 

Packer Pressure, psi 
Tubing ID, inches 
Maximum Pulse Pressure, psi 
Pulse Decay Time, sec. 

E-5 
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Rev. No: 0 
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9 
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I3 
16 

17 

I8 

19 

m 

21 
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21 

24 

2J 

26 

27 
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DATA QUALITY OBJECTIVES 
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Data Quality Objectives 

CONTENTS 
4 

SECTION 5 

6 

F1 Data Quality Objectives 1: pH, Temperature, Specific Conductance, Dissolved Oxygen, and 7 

F2 Data Quality Objectives 2: Cations, Anions, VOCs, Uranium, Gross Alpha, and Gross Beta IO 

Analysis 11 

8 

9 

Water Level Measurement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
12 

13 F3 Data Quality Objectives 3: Geotechnical Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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ATTACHMENT F1 

DATA QUALITY OBJECTIVES 1 
pH, TEMPERATURE, SPECIFIC CONDUCTANCE, 

DISSOLVED OXYGEN, WATER LEVEL 
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Purpose: 

DATA QUALITY OBJECTIVE 
LOGIC FLOW PROCESS WORKSHEET 

This Worksheet has been designed and created to assist personnel with the completion of 
the seven-step Data Quality Objective Logic Flow. Please note that this Worksheet is not 
to be submitted as a DQO Logic Flow, rather it is to be utilized as tool for the Logic 
Flow completion. 

Please note a series of suggestions and questions accompanying each step of the Logic 
Flow. These suggestions and questions should be addressed and considered when 
completing each of the seven steps. Also note that not all of the suggestions and questions 
will apply to every sampling project. If a suggestion and/or question does not apply to 
your sampling project, please note why it does not and proceed to the next question. 

For further information concerning the seven-step Logic flow, please consult Appendix 
C of the Sitewide CERCLA Quality Assurance Project Plan (SCQ) (*note: formerly 
known as the QAPjP). 

In summary, the seven steps of a DQO Logic Flow are as follows: 

1. 

2. 

3. 

4. 

5.  

6 .  

7. 

State the Problem(s) of the Situation to be Resolved 

Identify the Decision(s) to be made that Affect the Situation 

Identify Inputs that Affect the Decision(s) 

Define the Boundaries ,of the Situation 

Develop a Logic Statement that Applies to the Decision 

Establish Constraints on the Uncertainty of the Decision 

Optimize a Design for Obtaining Quality Data 

- PLEASE PROCEED WITH THE WORKSHEET - 

ER&S I\SYS:RSAPPSWDATA\ 
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i 

DQO LOGIC FLOW WORKSHEET 

Step 1: State the Problem(s) of the Situation to be Resolved 

GOAL: A description of the problem; and any resource, time, or other practical limits on the data 
collection. 

1) Identify the personnel that will comprise the sample planning team. These team members should 
possess knowledge and expertise that affect the sampling plan i.e. analytical, engineering, 
statistical, data review, etc. 

PARSONS: John Osweiler and Jerry Boeckman 

FERMCO: Ken Broberg, Dan Stropes, and Harriet Richardson 

Estimate the sampling project budget based on personnel, material, analysis and extraneous costs 
(OPTIONAL). 

2) 

N/A 

3) Are there any specific resource or time limitations for the sampling project? 
Limitations on data collection due to time of the year (fiscal or seasonal). 

Example: 

Ihe sampling project must begin in March and be completed within 3 weeks so that the data can 
be analyzed and summarized for the CRU-5 RUFS report. 

4) Prepare a statement of the problem. The following elements should be considered: 

a. An overall description of the problem as it is known. 

Ihe hydraulic transpon and conductivity of the Glacial 'lillNadose Zone (GTNZ) under 
the FEMP is being studied to enable groundwater modeling to be per3ormed to assist in 
the preparation of the OU-5 RUFS. It is necessary to collect water level, pH, specijk 
conductance, dissolved oxygen, and temperature data from monitoring wells at the site 
for modeling input. 

b. Any important social or political considerations (i.e. local, state or regional). 

No social or political impacts are anticipated. 
~ ~- 
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OU-S\P03'ADQALOGIC .2 [F-11-2 Rev. No.: 0 



4333 

DQO LOGIC FLOW WORKSHEET 

c. Organization and review of existing relevant information for each well. 

Groundwater quality data is available for each well in dBase format from the FERMCO 
Groundwater Programs Implementation Group. 

5)  Will the new analytical data to be obtained be a CRITICAL factor for resolving the defined 
problem? Why? 

No. n2e data is being acquired to comply with the SCQ, not for any specific requirement of the 
actual sampling method. 

ERAFSl\SYS:RSAPPS\RSDATA\ 
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DQO LOGIC FLOW WORKSHEET 

Step 2: Identify the Decision@) to be made that Affect the Situation 

The data collected during the field activities will be used as input for groundwater modeling. 

GOAL: A statement of the decision that will be made using the environmental data and the actions that 
will result. r 

What are the initial ideas for approachesthat will resolve the problem? 

N/A 

What are the range of actions that might be taken based on the outcome of the analytical study? 
- Note: Consider DOE Orders that may influence these actions. 

N/A 

Specify the criteria for taking these actions. Use an "if.. . , then.. . , ' I  logic statement to formulate 
the criteria (Le., if the analytical results exceed the RCRA regulatory limits, then long term 
storage is an option for action). If the criteria are not known at the time, then specify how they 
will be established. 

N/A 

State the decision as a choice among alternative courses of action that will resolve one or more 
components of the problems. 

N/A 

. ... 
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DQO LOGIC FLOW WORKSHEET . 

Step 3: Identify Inputs that Affect the Decision(s) 

GOAL: A list of environmental variables or characteristics to be measured; the criteria for taking action; 
and other information needed in order to make the decision. 

1) What analytes or characteristics of the analytes are to be measured? 

PH 
Temperature 
Specific conductance 
Dissolved oxygen 
Water level 

2) What is the criteria that would prompt action to be taken? ExamDles: Regulatory action limits, 
clean versus non-clean. 

N/A 

3) ,~ Confirm that each analyte or characteristic identified in question #I can be quantitatively 
measured. If it cannot, then determine if is reasonable to make assumptions about the variable 
in order to draw a conclusion without the assistance of analytical data. 

All characteristics can be quantitatively measured. 

ERAFS 1 \SYS:RSAPPS\RSDATA\ 
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DQO LOGIC FLOW WORKSHEET 

Step 4: Define the Boundaries of the Situation 

GOAL: A detailed description of the population for which the decision will be made, including area 
(spatial) and time (temporal) limits involved. 

What is the population for which the decision will be made? Examule of a uouulation could be: 
peode. obiects. or a uortion of media. 

Groundwater in the glacial till/vadose zone. 

What are the spatial boundaries to be affected by the decision, i.e., Plant One Pad, OU-5, Fire 
Training Center, etc.? 

All groundwater underlying the FEMP and also in the South Plume area. 

What are the temporal boundaries of the decision? Examule: Airborne contamination from x 
date to y date. 

N/A 

Are there any other additional characteristics that are required to determine what belongs in the 
population? 

No 

What is the smallest population, if applicable, that can be involved in the decision making 
process? Example: Studying a section within a department for more precise data. 

N/A 

Verify that the practical considerations identified in Step 1: State the Problem, are consistent with 
these boundaries. 

Practical 'considerations are consistent with bowuiaries of the situation. 

ERAFSl\SYS:RSAPPS\RSDATA\ 
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DQO LOGIC FLOW WORKSHEET 

Step 5: Develop a Logic Statement that Applies to the Decision 

GOAL: A statement that defines how environmental data will be summarized and used to make the 
decision. 

Note: The purpose of this step is to integrate the outputs from the previous steps into a single statement 
specifying how environmental data will be summarized and used to make the decision, including 
quantitative criteria for determining what action to take. 

It is important that someone with statistical expertise be involved in this step to be certain that the 
decision rule is stated in a manner that leads to an efficient sample design. 

1) How will the study results be summarized? How will the results be calculated (Le., mean, range, 
maximum, etc)? 

Field characteristics @H, specijic conductance, etc.) will be tabulated. No statistical evaluation 
will be made. 

Develop a Decision Rule as an "If.. . , then.. . , statement that incorporates the study results (sample 
concentrations), the criteria for taking action (action levels), and the actions(s) that will be taken 
under various possible scenarios (removal, remediation, etc). Example: If the mean 
concentration of a contaminant exceeds the action level for a group of samples, then a corrective 
action must be initiated. 

N/A 

3) Will all the data to be obtained be required for the decision? If not,,then define a more narrowly- 
focused set of analytes and/or characteristics. 

No 

4) Will any other FEMP activities be able to utilize the analytical results to be collected? 

Unknown at this time. 
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DQO LOGIC FLOW WORKSHEET 

Step 6: Establish Constraints on the Uncertainty of the Decision 

GOAL: To control decision errors, stated as limits on the acceptable probability of making an incorrect 
decision based on the study findings. These limits on uncertainty may be expressed as acceptable false 
positive and false negative error rates. 

Consult a statistician for definitions and further explanatory information. 

For the decision to be made, what would define a "false positive" error and what would the 
consequence(s) be? 

N/A 

For the decision to be made, what would define a false negative error and what would the 
consequence(s) be? 

N/A 

Consider the consequences of false positive(s) and/or negative(s) on the following issues and rank 
in order of importance: 

* cost (N/A) 
* ecological risks (IV/A) 

* health risks (MA) 
* political/credibility (MA) 

* social impacts @/A) 

Are the false positive or the false negative errors greater concerns on the above issues? 

N/A 

Determine if the level of concern for either type of decision error depends on the magnitude of 
the error. Examde: Determine a threshold level where anything above would have an economic 
effect and anything below would have a health effect. 

N/A 

What is the estimated magnitude of the expected consequences? 

N/A 
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DQO LOGIC FLOW WORKSHEET 

7) Decide what magnitude of false positive and false negative errors would. be "almost always," 
"often," "sometimes," and "almost never" acceptable. 

N/A 

8) What is the statistically acceptable probabilities for the occurrence of each of these errors? 

N/A 

9) Define a region of statistical indifference which is the area in which the probability of an 
incorrect outcome is not controlled because, under the stated conditions, either decision is 
acceptable. 

N/A 

10) Combine the probability statements into a formal statement of the levels of uncertainty that can 
be tolerated in the data results. 
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DQO LOGIC FLOW WORKSHEET 

Step 7: Optimize a Design for Obtaining Quality Data 

GOAL: The cost design for the study (selected from a group of alternative designs) that is expected to 
achieve the DQO’s. 

1) What are the estimated distribution of site-related contaminants of potential concern? 

N/A 

2) Based on all of the above information and the relative costs of proposed sampling and analysis 
options, what is the lowest cost sampling and analysis plan that will achieve the desired data and 
constraints on uncertainty? Consider the following: 

a. What is the sample design? 

Field Parameters. 

b. How many samples will be collected? 

One set from each well. 

C. What level of Quality Assurance is required? 

Field measurements (Level A). 

d. What are the requirements for precision, accuracy, sensitivity, and completeness? 

As  stated in SCQ. 

e. What analytical methods are required? 

N/A 
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DQO LOGIC FLOW WORKSHEET 

SUMMARY: 
(In conjunction with the DQO Summary form) 

1) State the analyticai support levels (ASL's) required, and briefly explain the rationale behind the 
choice. 

Field Measurements: ASL A as specified in SCQ (PH, S. C. Temperature, DO, and Water Level). 

2) Identify the analyte(s) of interest. 

Same as above. 

What type and how many field Quality Assurance samples are required? 3) 

N/A 

4) What type and how many laboratory Quality Control samples are required? 

N/A 
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DQO SUlMARY FORM 

Revis ion : 
Effective Date: 

l.A. Task/Description: 

4333  

Page 12 of 4 

ou # :  5 

Field analyses of pH, specific conductance, temperature, dissolved 
oxygen, and water level of monitoring wells at the FEMP. 

l.B. Project Phase: (Circle the appropriate selection.) ......... 
R A  OTHER (specify) Iu> Riif 

....... ........ ........ ....... ........ ........ ....... ........ ....... ........ ....... ....... ....... ........ ....... ....... 
Fs 

l.C DQO No.: DQO Reference No.: 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2. Media Characterization: (Circle the appropriate selection.) 

Soil Surface Water Sediment Waste 
Wastewater Air Biological Other Building Debris (Solids) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3 .  Data Use with Data Quality Level (A-E) : (Circle the appropriate 

Data Use and Data Quality Level selection[sl . ) 
Site Characterization A B C D E Risk Assessment A B C D E 
Evaluation of Alternatives A B C D E 
Monitoring during remediation activities A B C D E 
Other A B C D E (Explain) Removal Action 

Engineering Design A B C D E 

4.B. Objective: 

To fulfill requirements of SCQ Appendix J. 

5 .  Site Information (Description) : 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Glacial till characterization recommends sampling monitoring wells at 
selected locations across the site. Information from this task will 
be used in the CRU-5 RI/FS. 

ERAFSl\SYS:RSAPPS\RSDATA\ 
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Revision: 
Effective Date: 

DQO SUMMARY FORM 4 3 3 3  
Page 13 of 4 

6.A. Data Types with appropriate Data Quality Level Equipment 
Selection and SCQ Reference: (Place an llX1l to the right of the 
appropriate box or boxes selecting the type of analysis or 
analyses required. 
the analysis if appropriate. 
SCQ Section. 1 

Then select the type of equipment to perform 
Please include a reference to the 

1. pH X 2. Uranium - 3 .  BTX - 
Temperature Full Radiologic - TPH - 
Specific Conductance Metals - 
Dissolved Oxygen X Cyanide - 

Silica - 
Oil/Grease- 

5 .  VOA - 6. Other (specify) X 4. Cations - 
Water Level Anions - - 

TOX - Pesticides - 
TOC - PCB - 
TCLP - 
CEC - 
COD - 

6.B. Equipment Selection and SCQ Reference: 

Equipment Selection Refer to SCQ Section 

Level A SCQ Section: 9 

Level B SCQ Section: 
SCQ Section: Level C 
SCQ Section: Level D 

Level E SCQ Section: 

pH - Precision of kO.05 pH 
Temperature - Precision of k0.5 degrees C 
Specific Conductance - Precision of k 1  percent of full scale 
Dissolved Oxygen - Precision of k0 .1  mg/l 
Water Level - Precision of kO.01 foot 
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DO0 SUMMARY FORM 

Revision : 
Effective Date: 

Page 14 of 4 

7.A. Sampling Methods and Procedures: (Circle the appropriate 
selection.) 

Biased Grab Non-intrusive Phased 
Source Grid Composite Intrusive 

Other (specify) : 

7.B. Sample Work Plan Reference: (List the samples required. 
Reference the work plan or sampling plan guiding the sampling 
activity, as appropriate.) 

Background samples: N/A 
Critical samples: 

7.C. Sample Collection Procedure Reference: 
specific reference to the SCQ Section and subsection guiding 
sampling collection procedures.) 

(Please provide a 

Sample Collection Procedures Reference: Section K 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
8. Quality Assurance/Control Samples: (Place an to the right 

of the appropriate selection [SI . 
8.A. Field Quality Assurance Samples: 

Trip Blanks - Container Blanks - 
Field Blanks - Duplicate Samples - 
Equipment Rinseate Samples Split Samples 
Preservative Blanks - Spiked Blanks - 
Other (specify) 

- 

8.B. Laboratory Quality Control Samples: 

Method Blank - Matrix Duplicate/Replicate (Matrix Spike 
Duplicates) - 

Matrix Spike - Surrogate Spikes - 

Other (specify) 
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DQO SUMMARY FORM 

Revision: 
Effective Date: 

4 3 3 3  

Page 15 of 4 

9. Other: Please provide any other germane information that may 
impact the data quality or gathering of this particular 
objective, task, or data use. 

All equipment must be accurately calibrated and in proper working 
order. 
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ATTACHMENT F2 

DATA QUALITY OBJECTIVES 2 
CATIONS, ANIONS, VOCs, URANIUM, 

GROSS ALPHA, GROSS BETA 
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DATA QUALITY OBJECTIVE 
LOGIC FLOW PROCESS WORKSHEET 

Purpose: This Worksheet has been designed and created to assist personnel with the completion of 
the seven-step Data Quality Objective Logic Flow. Please note that this Worksheet is not 
to be submitted as a DQO Logic Flow, rather it is to be utilized as tool for the Logic 
Flow completion. 

Please note a series of suggestions and questions accompanying each step of the Logic 
Flow. These suggestions and questions should be addressed and considered when 
completing each of the seven steps. Also note that not all of the suggestions and questions 
will apply to every sampling project. If a suggestion and/or question does not apply to 
your.sampling project, please note why it does not and proceed to the next question. 

For further information concerning the seven-step Logic flow, please consult Appendix 
C of the Sitewide CERCLA Quality Assurance Project Plan (SCQ) (*note: formerly 
known as the QAPjP). 

In summary, the seven steps of a DQO Logic Flow are as follows: 

1. 

2. 

3. 

4. 

5.  

6.  

7. 

State the Problem(s) of the Situation to be Resolved 

Identify the Decision(s) to be made that Affect the Situation 

Identify Inputs that Affect the Decision(s) 

Define the Boundaries of the Situation 

Develop a Logic Statement that Applies to the Decision 

Establish Constraints on the Uncertainty of the Decision 

Optimize a Design for Obtaining Quality Data 

I 

- PLEASE PROCEED WITH THE WORKSHEET - 
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DQO LOGIC FLOW WORKSHEET 

Step 1: State the Problem(s) of the Situation to be Resolved 

GOAL: A description of the problem; and any resource, time, or other practical limits on the data 
collection. 

1) Identify the personnel that will comprise the sample planning team. These team members should 
possess knowledge and expertise that affect the sampling plan Le. analytical, engineering, 
statistical, data review, etc. 

PARSONS: John Osweiler and Jerry Boeckman 

FERMCO: Ken Broberg, Dan Stropes, and Harriet Richardson 

2) Estimate the sampling project budget based on personnel, material, analysis and extraneous costs 
(OPTIONAL). 

N/A 

3) Are there any specific resource or time limitations for the sampling project? 
Limitations on data collection due to time of the year (fiscd or seasonal). 

Example: 

me sampling project must begin in March and be completed within 3 weeks so that the data can 
be analyzed and summarized for the CRU-5 RI/FS report. 

4) Prepare a statement of the problem. The following elements should be considered: 

a. An overall description of the problem as it is known. 

R e  hydraulic transport and conductivity of the Glacial lillNadose Zone (GT/VZ) under 
the FEMP is being studied to enable groundwater modeling to be peflormed to assist in 
the preparation of the OU-5 RUFS. Groundwater analysis for volatile organic 
compounds, general chemistry (anions and cations), and total uranium is needed for 
modeling input. 

b. Any important social or political considerations (Le. local, state or regional). 

No social or political impacts are anticipated. 
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DQO LOGIC FLOW WORKSHEET 

c. Organization and review of existing relevant information. 

Historical groundwater quality data is available in dBase format from the FERMCO 
Groundwater Programs Implementation Group and has been included in Attachment D 
of the Glacial lillNadose Zone fiydraulic Investigations Work Plan. All methods for 
Level Afield sampling are described in the Sitew.de CERCLA Quality Assurance Project 
Plan (SCQ) (DOE 1992). 

5 )  Will the new analytical data to be obtained be a CRITICAL factor for resolving the defined 
problem? Why? 

Yes. Wthout the data, the hydraulic conductivity of the GT/VZ cannot be studied. 
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DQO LOGIC FLOW WORKSHEET 

Step 2: Identify the Decision(s) to be made that Affect the Situation 

m e  data collected from the laboratory analysis will be used as input for groundwater modeling. 

GOAL: A statement of.the decision that will be made using the environmental data and the actions that 
will result. 

What are the initial ideas for approaches that will resolve the problem? 

N/A 

What are the range of actions that might be taken based on the outcome of the analytical study? 
Note: Consider DOE Orders that may influence these actions. 

N/A 

Specify the criteria for taking these actions. Use an "if.. ., then. ..,It logic statement to formulate 
the criteria (i.e., if the analytical results exceed the RCRA regulatory limits, then long term 
storage is an option for action). If the criteria are not known at the time, then specify how they 
will be established. 

N/A 

State the decision as a choice among alternative courses of action that will resolve one or more 
components of the problems. 

N/A 

ERAFS 1 \SYS:RSAF'PSRSDATA\ 
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DQO LOGIC FLOW WORKSHEET 

Step 3: Identify Inputs that Affect the Decision(s) 

GOAL: A list of environmental variables or characteristics to be measured; the criteria for taking action; 
and other information needed in order to make the decision. 

1) What analytes or characteristics of the analytes are to be measured? 

General Chemistry (Anions and Cations) 

Gross Alpha 

Gross Beta 

Total Uranium 

Volatile Organic Compounds 

(See attached list of TALs) 

What is the criteria that would prompt action to be taken? Examdes: Regulatory action limits, 
clean versus nonclean. 

2) 

N/A 

3) Confirm that each analyte or characteristic identified in question #I can be quantitatively 
measured. If it cannot, then determine if is reasonable to make assumptions about the variable 
in order to draw a conclusion without the assistance of analytical data. 

All characteristics can be quantitatively measured. 
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DQO LOGIC FLOW WORKSHEET 

Step 4: Define the Boundaries of the Situation 

GOAL: A detailed description of the population for which the decision will be made, including area 
(spatial) and time (temporal) limits involved. 

What is the population for which the decision will be made? Examule of a population could be: 
peoule. obiects. or a portion of media. 

Groundwater in the glacial till/vadose zone. 

What are the spatial boundaries to be affected by the decision, i.e., Plant One Pad, OU-5, Fire 
Training Center, etc.? 

All groundwater underlying the FEMP and also in the South Plume area. 

What are the temporal boundaries of the decision? Examule: Airborne contamination from x 

date to y date. 

N/A 

Are there any other additional characteristics that are required to determine what belongs in the 
population? 

No 

What is the smallest population, if applicable, that can be involved in the decision making 
process? Examde: Studying a section within a department for more precise data. 

N/A 

Verify that the practical considerations identified in Step 1 : State the Problem, are consistent with 
these boundaries. 

Practical considerations are consistent wirh bounduries of the situation. 
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DQO LOGIC FLOW WORKSHEET 

Step 5: Develop a Logic Statement that Applies to the Decision 

GOAL: A statement that defines how environmental data will be summarized and used to make the 
decision. 

Note: The purpose of this step is to integrate the outputs from the previous steps into a single statement 
specifying how environmental data will be summarized and used to make the decision, including 
quantitative criteria for determining what action to take. 

It is important that someone with statistical expertise.be involved in this step to be certain that the 
decision rule is stated in a manner that leads to an efficient sample design. 

How will the study results be summarized? How will the results be calculated (i.e., mean, range, 
maximum, etc)? 

Upon receipt of laboratory results, the data will be evaluated for range. 

Develop a Decision Rule as an "If.. . , then.. . , statement that incorporates the study results (sample 
concentrations), the criteria for taking action (action levels), and the actions(s) that will be taken 
under various possible scenarios (removal, remediation, etc). Examde: If the mean 
concentration of a contaminant exceeds the action level for a group of samples, then a corrective 
action must be initiated. 

I f  a data point does not appear to fall within the range of typical values for historic groundwater 
samples, then a duplicate sample may be collected. Ifa sample cannot be collected or the data 
point is determined not to be critical, then the data point may be deemed erroneous and not used 
in the modeling activities. 

Will all the data to be obtained be required for the decision? If not, then define a more narrowly- 
focused set of analytes and/or characteristics. 

No 

Will any other FEMP activities be able to utilize the analytical results to be collected? 

Groundwater Modeling and Health and Safety. 
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DQO LOGIC FLOW WORKSHEET 

Step 6: Establish Constraints onxthe Uncertainty of the Decision 

GOAL: To control decision errors, stated as limits on the acceptable probability of making an incorrect 
decision based on the study findings. These limits on uncertainty may be expressed as acceptable false 
positive and false negative error rates. 

- Note: Consult a statistician for definitions and further explanatory information. 

1) For the decision to be made, what would define a "false positive" error and what would the 
consequence(s) be? 

N/A 

2) For the decision to be made, what would define a false negative error and what would the 
consequence(s) be? 

N/A 

3) Consider the consequences of false positive(s) and/or negative(s) on the following issues and rank 
in order of importance: 

* cost N/A) 
* ecological risks (N/A) 

* health risks (n/A) 
* political/credibility (N/A) 

* social impacts (n/A) 

4) Are the false positive or the false negative errors greater concerns on the above issues? 

N/A 

5 )  Determine if the level of concern for either type of decision error depends on the magnitude of 
the error. Example: Determine a threshold level where anything above would have an economic 
effect and anything below would have a health effect. 

N/A 

6)  What is the estimated magnitude of the expected consequences? 

N/A 
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DQO LOGIC FLOW WORKSHEET 

7 )  Decide what magnitude of false positive and false negative errors would be "almost always," 
"often," "sometimes," and "almost never" acceptable. 

N/A 

8) What is the statistically acceptable probabilities for the occurrence of each of these errors? 

N/A 

9) Define a region of statistical indifference which is the area in which the probability of an 
incorrect outcome is not controlled because, under the stated conditions, either decision is 
acceptable. 

N/A 

10) Combine the probability statements into a formal statement of the levels of uncertainty that can 
be tolerated in the data results. 

N/A 
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DQO LOGIC FLOW WORKSHEET 

Step 7: Optimize a Design for Obtaining Quality Data 

GOAL: The cost design for the study (selected from a group of alternative designs) that is expected to 
achieve the DQO’s. 

1) What are the estimated distribution of sitelrelated contaminants of potential concern? 

N/A 

2) Based on all of the above information and the relative costs of proposed sampling and analysis 
options, what is the lowest cost sampling and analysis plan that will achieve the desired data and 
constraints on uncertainty? Consider the following: 

a. What is the sample design? 

lhree test wells and six lysimeters will be installed as stated in the Work Plan. 
Groundwater samples will be collected from saturated zones in the test wells and pore 
moisture samples from the lysimeters. 

b. How many samples will be collected? 

Two sets of samples will be collected from each test well. One set of samples will be 
collected before the pumping test and one set during the pumping test. One sample will 
be collected from each lysimeter. 

C. What level of Quality Assurance is required? 

Lab Analysis (Level B). 

d. What are the requirements for precision, accuracy, sensitivity, and completeness? 

As stated in SCQ. 
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e. What analytical methods are required? 

Anions 
Cations 
Gross Alpha 
Gross Beta 
Total Uranium 
Volatile Organic Analysis 

All analyses will be performed in accordance with the SCQ. 
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DQO LOGIC FLOW WORKSHEET 

4333 

SUMMARY: 
(In conjunction with the DQO Summary form) 

1) State the analytical support levels (ASLs) required, and briefly explain the rationale behind the 
choice. 

ASLB, Rapid turnaround required for data use in CRU-5 RI risk assessment. CLP protocols not 
required. 

2) Identify the analyte(s) of interest. 

Anions 
Cations 
Gross Alpha 
Gross Beta 
Total Uranium 
Volatile Organic Compounds 

3) What type and how many field Quality Assurance samples are required? 

As specijied in Table 2-2 of Appendix A of SCQ. 

4) What type and how many laboratory Quality Control samples are required? 

As specijied in Table 2-2 of Appendix A of SCQ. 
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DQO SUMMARY FORM 4333 

Revision: -Page 13 of 4 
Effective Date: 

l.A. Task/Description: . ou # :  5 

Analytical tests for isotopic age dating, general chemistry, and 
total uranium. 

....... l.B. Project ........ Phase: (Circle the appropriate selection.) a; :Fs Rzt ........ ........ 
R A  OTHER (specify) ....... ........ ........ ........ ........ ........ ....... ....... ....... .>>>>:.>:. ....... ....... ........ ........ 

1.C DQO No.: DQO Reference No.: 

. . . .  

Soil Surface Water Sediment Waste 
Wastewater Air Biological Other Building Debris (Solids) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3 .  Data Use with Data Quality Level (A-E) : (Circle the appropriate 

Data Use and Data Quality Level selection[sl.) 

Site Characterization A B C D E Risk Assessment A 3 C D E 
Evaluation of Alternatives A 3 C D E 
Monitoring during remediation activities A 3 C D E 
Other A E3 C D E (Explain) Removal Action 

Engineering Design A B C D E 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4.A. Regulatory Driver: DOE Order 5400.5 and NRC 1 . 8 6  

4.B. Objective: 

To determine if radiological contamination is present and compile 
radiological data to determine the disposition requirements of the 
debris. Also, differences in contaminant concentrations will be 
needed to see what kind of groundwater mixing is occurring between 
the different sand bodies beneath the plant areas and waste pits. 
The wells are being drilled in new areas that have not been fully 
characterized. 

Glacial till characterization recommends sampling monitoring wells at 
selected locations across the site. Information from this task will 
be used in the CRU-5 RI/FS. 
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Revision: 
Effective Date: 

DQO SUMMARY FORM 4333 
Page 14 of 4 

DQO Number: 

6 . A .  

1. 

4. 

6.B. 

Data Types with appropriate Data Quality Level Equipment 
Selection and SCQ Reference: (Place an IIX" to the right of the 
appropriate box or boxes selecting the type of analysis or 
analyses required. Then select the type of equipment to perform 
the analysis if appropriate. Please include a reference to the 
SCQ Section.) 

PH - 2. Uranium 3. BTX - 
Temperature - Full Radiologic - TPH - 
Specific Conductance - Metals - Oil/Grease- 
Dissolved Oxygen - Cyanide - 

Silica - 

Cations X 5. VOA 6. Other (specify) 
Anions ABN - Gross Alpha 
TOX - Pesticides - Gross Beta 
TOC - PCB - 
TCLP - 
CEC - 
COD - 

Equipment Selection and SCQ Reference: 

Equipment Selection 

Level A 

Level B In accordance with the 
procedures in the SCO 

Level C 
Level D 
Level E 

Refer to SCQ Section 

SCQ Section: 

SCQ Section: 

SCQ Section: 
SCQ Section: 
SCQ Section: 
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Revision: 
Effective Date: 

DQO SUMMARY FORM 
4 3 3 3  

Page 15 of 4 

7.A. Sampling Methods and Procedures: (Circle the appropriate 
selection.) 

. . . . . . . . . . . . . . . 
Biased Grab Non-intrusive Phased 

Source Grid Composite Intrusive 

Other (specify) : 

7.B. Sample Work Plan Reference: (List the samples required. 
Reference the work plan or sampling plan guiding the sampling 
activity, as appropriate.) 

Background samples: N/A 
~ Critical samples: 

. -  

- .. 

7.C. Sample Collection Procedure Reference: (Please provide a 
specific reference to the SCQ Section and subsection guiding 
sampling collection procedures.) 

Sample Collection Procedures Reference: Section K 

8 .  Quality Assurance/Control Samples: (Place an "XfI to ' the right 
of the appropriate selection [SI . I  

8.A. Field Quality Assurance Samples: 

Trip Blanks X Container Blanks - 
Field Blanks - Duplicate Samples - 
Equipment Rinseate Samples Split Samples - 
Preservative Blanks - Spiked Blanks - 
Other (specify) As mecified in Table 2-2 of Amendix A of the 

8.B. Laboratory Quality Control Samples: 

Method Blank - Matrix Duplicate/Replicate (Matrix Spike 
Duplicates) - 

Matrix Spike - Surrogate Spikes - 
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4 3 3 3  
. DQO SUMMARY FORM 

Revision: 
Effective Date: 

Page 16 of 4 

Other (specify) 

9 .  Other: Please provide any other germane information that may 
impact the data quality or gathering of this particular 
objective, task, or data use. 

All equipment must be accurate ly  ca l ibra ted  and i n  proper working 
order.  
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I , '  I TAL 50.03.24 

Volatile Organics General Chemistry 

1. 1,l - Dichloroethane 1. Sodium 

4333 

2. 

3. 

4. 

5. 

1,l - Dichloroethane 

1,1,1 - Trichloroethane 
2. Magnesium 

3 .  Calcium 

4. Chloride 

5. Sulfate 

1,1,2 - Trichloroethane 
1,1,2,2 - 
Tetrachloroethane 

1,2 - Dichloroethane 6 .  Bicarbonate 

7 .  Silicon- 

6 .  

7 .  1,2 - Dichloroethene 
(total) 

8 .  1,2 - Dichlorothylene 

1,2 - Dichloropropane 

8 .  

9. 

Potassium 

Carbonate 

Silicate 

Fluoride 

Iron 

Nitrate 

Boron 

Strontiuem 

9. 

10. 2 - Butanone 

2 - Hexanone 
10. 

11. 11. 

12 

13. 

4 - Methyl-2-pentanone 
Acetone 

12. 

13. 

14. Benzene 14. 

15. Bromodichloromethane 

Bromoform 

15. 

16. Total.Dissolved 
Solids 

16. 

Bromomethane 

Carbon disulfide 

Carbon tetrachloride 

Chlorobenzene 

17. Alkalinity 17. 

18. 18. pH 

19. TSS 19. 

Radiological 20. 

21. Chloroethane 

Chloroform 

1. Total uranium 

2. Gross alpha 22. 

23. Chloromethane 3. Gross beta 

24. cis - 1,3 - 
Dichloropropene 
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' _  i .  
volatile Organics 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

35. 

Dibromochloromethane 

Ethylbenzene 

Methylene chloride 

Styrene 

Tetrachloroethene 

Toluene 

Total xylenes 

trans-1,3- 
Dichloropropene 

Trichloroethene 

Vinyl acetate 

Vinyl chloride 

4 3 3 3  
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Analysis 
Containers 

Total 
Uranium 

Gross 

Gross 
Beta 

voc I s 
EPA 
8240 

General 
Chemistry 

SUMMARY OF CHEMICAL AND PHYSICAL ANALYSES: 
(Chemical Analysis) 

Number Sample Preservative Holding 
of Time 

Samples* 
SP QA/QC 

13 5 1000 m l  
plastic 
or glass 

HNO to 
pH e 2 

12 5 1000 ml HNO to 

or glass 
plastic pH e 2 days 

12 

13 

Metals: 12 5 
sodium 
magnesium 
calcium 
potassium 
iron 
silicon 
boron 
strontium 

5 11 II 

180 
days 

180 Alpha 

5 2, 40 ml 4 drops 14 
vials with concentrated days 
teflon HC1, cool to 
septum 2-6 C 

' caps 

1000 ml HNO to 
plastic pH e 2 
container 
for all 
metals 

Nitrate 12 5 1, 500 ml H SO to 
plastic pH e 2 

4 c  
container cool to 
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. -  
I ' < .  4333 (General Chemistry, cont .') 

Nitrogen 12 
(ammonia) 

5 1, 500 ml H SO to 
plastic pH e 2 
container cool to 

4 c  

28 
days 

Pumping Tests 

Anions : 
chloride 
sulfate 
bicarbonate 
carbonat e 
fluoride 
alkalinity 

12 

12 

5 1000 ml NA 
plastic 
container 
for all 
anions 

28 
days 

14 
days 

Silicate 5 500 ml 
plastic 
container 

NA 28 
days 

PH 12 5 125 ml 
plastic 
container 

NA 24 
hours 

Total 
Dissolved 
Solids 

12 5 1000 ml 
plastic 
container 

cool to 
4 c  

7 
days 

Total 12 5 
Suspended 
Solids 

500 ml 
plastic 
container 

cool to 7 
days 4 c  

SP: Individual sampling point or well 
QA/QC: Quality Assurance/Quality Control Samples consisting of the 
following: 
1 field rinseate or equipment wash blank 
2 field blanks 
1 duplicate 
1 matrix spike 
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4333  
-p:: t,  I lhl.-sZhples to be shipped in sealed coolers under chain of custody 

via an overnight delivery service. 

No special shipping arrangements are required unless the samples are 
regarded as hazardous. If hazardous samples are to be shipped, then 
the appropriate DOT regulations are to be followed as per the SCQ. 
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4333 

DATA QUALITY OBJECTIVE 
LOGIC FLOW PROCESS WORKSHEET 

Purpose: This Worksheet has been designed and created to assist personhel with the completion of 
the seven-step Data Quality Objective Logic Flow. Please note that this Worksheet is not 
to be submitted as a DQO Logic Flow, rather it is to be utilized as tool for the Logic 
Flow completion. 

Please note a series of suggestions and questions accompanying each step of the Logic 
Flow. These suggestions and questions should be addressed and considered when 
completing each of the seven steps. Also note that not all of the suggestions and questions 
will apply to every sampling project. If a suggestion and/or question does not apply to 
your sampling project, please note why it does not and proceed to the next question. 

For further information concerning the seven-step Logic flow, please consult Appendix 
C of the Sitewide CERCLA Quality Assurance Project Plan (SCQ) (*note: formerly 
known as the QAPjP). 

In summary, the seven steps of a DQO Logic Flow are as follows: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

State the Problem(s) of the Situation to be Resolved 

Identify the Decision(s) to be made that Affect the Situation 

Identify Inputs that Affect the Decision(s) 

Define the Boundaries of the Situation 

Develop a Logic Statement that Applies to the Decision 

Establish Constraints on the Uncertainty of the Decision 

Optimize a Design for Obtaining Quality Data 
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DQO LOGIC FLOW WORKSHEET 

Step 1: State the Problem(s) of the Situation to be Resolved 

GOAL: A description of the problem; and any resource, time, or other practical limits on the data 
collection. 

Identify the personnel that will comprise the sample planning team. These team members should 
possess knowledge and expertise that affect the sampling plan Le. analytical, engineering, 
statistical, data review, etc. 

PARSONS: John Osweiler and Jerry B o e c h n  

FERMCO: Ken Broberg, Dan Stropes, and Harriet Richardson 

Estimate the sampling project budget based on personnel, material, analysis and extraneous costs 
(OPTIONAL). 

N/A 

Are there any specific resource or time limitations for the sampling project? 
Limitations on data collection due to time of the year (fiscal or seasonal). 

Example: 

n e  sampling project must begin in March and be completed within 3 weeks so rhat rhe data can 
be analyzed and summarized for the CRU-5 RI/FS report. 

Prepare a statement of the problem. The following elements should be considered: 

a. An overall description of the problem as it is known. 

l'he hydraulic transport and conductivity of the Glacial l'illNadose Zone (GTNZ) is 
being studied to enable groundwater modeling to be pe@ormed to assist in the 
preparation of the OU-5 RUFS. Monitoring wells need to be installed in specific 
locations on site, and geotechnical laboratory testing will be pe@ormed to determine 
subsu@ace properties. 

b. Any important social or political considerations (i.e. local, state or regional). 

No social or political impacts are anticipated. 
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4333 

DQO LOGIC FLOW WORKSHEET 

C. Organization and review of existing relevant information. 

All methods for monitoring well installation and geotechnical laboratory analyses are 
described in the Sitew.de CERCLA Quality Assurance Project Plan (SCQI (DOE 1992). 

5)  Will the new analytical data to be obtained be a CRITICAL factor for resolving the defined 
problem? Why? 

Yes. Wthout the data, the hydraulic conductivity of the G T M  cannot be accurately studied. 
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DQO LOGIC FLOW WORKSHEET 

Step 2: Identify the Decision(s) to be made that Affect the Situation 

4333 

The geotechnical data will be used as input to the groundwater model. 

GOAL: A statement of the decision that will be made using the environmental data and the actions that 
will result. 

What are the initial ideas for approaches that will resolve the problem? 

N/A 

What are the range of actions that might be taken based on the outcome of the analytical study? 
- Note: Consider DOE Orders that may influence these actions. 

N/A 

Specify the criteria for taking these actions. Use an "if.. ., then.. . ,'I logic statement to formulate 
the criteria (i.e., if the analytical results exceed the RCRA regulatory limits, then long term 
storage is an option for action). If the criteria are not known at the time, then specify how they 
will be established. 

N/A 

State the decision as a choice among alternative courses of action that will resolve one or more 
components of the problems. 
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DQO LOGIC FLOW WORKSHEET 

Step 3: Identify Inputs that Affect the Decision(s) 

GOAL: A list of environmental variables or characteristics to be measured; the criteria for taking action; 
and other information needed in order to make the decision. 

1) What analytes or characteristics of the analytes are to be measured? 

Primarily: Grain-size analysis 
Soil index properties 
Moisture content 
Soil density 
Atterberg limits 
Constant head permeability tests 
Specific gravity 
Void ratio 
Porosity 

Secondarily: 

2) What is the criteria that would prompt action to be taken? Examdes: Regulatory action limits, 
clean versus non-clean. 

N/A 

3) Confirm that each analyte or characteristic identified in question #I can be quantitatively 
measured. If it cannot, then determine if is reasonable to make assumptions about the variable 
in order to draw a conclusion without the assistance of analytical data. 

All Characteristics can be quantitatively measured. 
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DQO LOGIC FLOW WORKSHEET 

Step 4: Define the Boundaries of the Situation 

GOAL: A detailed description of the population for which the decision will be made, including area 
(spatial) and time (temporal) limits involved. 

1) What is the population for which the decision will be made? ExamDle of a DoDulation could be: 
p e d e .  obiects. or a Dortion of media. 

Subsurface soils of the FEMP. 

2) What are the spatial boundaries to be affected by the decision, Le., Plant One Pad, OU-5, Fire 
Training Center, etc.? 

N/A 

3) What are the temporal boundaries of the decision? ExamDle: Airborne contamination from x 

date to y date. 

N/A 

4) Are there any other additional characteristics that are required to determine what belongs in the 
population? 

No 

5 )  What is the smallest population, if applicable, that can be involved in the decision making 
process? Example: Studying a section within a department for more precise data. 

N/A 

6)  Verify that the practical considerations identified in Step 1: State the Problem, are consistent with 
these boundaries. 

Practical considerations are consistent with boundaries of the situation. 
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Step 5: Develop a Logic Statement that Applies to the Decision 

GOAL: A statement that defines how environmental data will be summarized and used to make the 
decision. 

Note: The purpose of this step is to integrate the outputs from the previous steps into a single statement 
specifying how environmental data will be summarized and used to make the decision, including 
quantitative criteria for determining what action to take. 

It is important that someone with statistical expertise be involved in this step to be certain that the 
decision rule is stated in a manner that leads to an efficient sample design. 

1) How will the study results be summarized? How will the results be calculated (i.e., mean, range, 
maximum, etc)? 

Upon receipt of laboratory results, the data will be evaluated for range. Engineering judgement 
will be used to provide confidence in the test results. 

Develop a Decision Rule as an "If.. . , then.. . , statement that incorporates the study results (sample 
concentrations), the criteria for taking action (action levels), and the actions(s) that will be taken 

! \  under various possible scenarios (removal, remediation, etc). ExamDle: If the mean 
concentration of a contaminant exceeds the action level for a group of samples, then a corrective 
action must be initiated. 

I f  a data point does not appear to fall within the range of typical values for soils with similar 
index properties, then a duplicate test may be per3ormed. I f  extra sample material is not 
available or the data point is determined not to be critical, then the data point may be deemed 
erroneous and not used in modeling activities. 

T '  

2) 

3) Will all the data to be obtained be required for the decision? If not, then define a more narrowly- 
focused set of analytes and/or characteristics. 

All data will be required. 

4) Will any other FEMP activities be able to utilize the analytical results to be collected? 

Unknown at this time. 
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Step 6: Establish Constraints on the Uncertainty of the Decision 

GOAL: To control decision errors, stated as limits on the acceptable probability of making an incorrect 
decision based on the study findings. These limits on uncertainty may be expressed as acceptable false 
positive and false negative error rates. 

Consult a statistician for definitions and further explanatory information. 

For the decision to be made, what would define a "false positive" error and what would the 
consequence(s) be? 

Engineering judgement. 

For the decision to be made, what would define a false negative error and what would the 
consequence(s) be? 

Engineering judgement. 

Consider the consequences of false positive(s) and/or negative(s) on the following issues and rank 
in order of importance: 

* cost (MA) 
* ecological risks (n/A) 

* health risks (MA) 
* political/credibility @'/A) 

* social impacts (n/A) 

Are the false positive or the false negative errors greater concerns on the above issues? 

No digerence. 

Determine if the level of concern for either type of decision error depends on the magnitude of 
the error. ExamDle: Determine a threshold level where anything above would have an economic 
effect and anything below would have a health effect. 

N/A 

What is the estimated magnitude of the expected consequences? 

N/A 
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DQO LOGIC FLOW WORKSHEET 

Decide what magnitude of false positive and false negative errors would be "almost always," 
"often," "sometimes," and "almost never" acceptable. 

N/A 

What is the statistically acceptable probabilities for the occurrence of each of these errors? 

N/A 

Define a region of statistical indifference which is the area in which the probability of an 
incorrect outcome is not controlled because, under the stated conditions, either decision is 
acceptable. 

N/A 

Combine the probability statements into a formal statement of the levels of uncertainty that can 
be tolerated in the data results. 
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Step 7: Optimize a Design for Obtaining Quality Data 

GOAL: The cost design for the study (selected From a group of alternative designs) that is expected to 
achieve the DQO's. 

1) What are the estimated distribution of site-related contaminants of potential concern? 

N/A 

.2) Based on all of the above information and the relative costs of proposed sampling and analysis 
options, what is the lowest cost sampling and analysis plan that will achieve the desired data and 
constraints on uncertainty? Consider the following: 

a. What is the sample design? 

Soil borings as stated in the Work Plan. 

b. How many samples will be collected? 

As stated in the Work Plan. 

C. What level of Quality Assurance is required? 

Field and Sampling Activities (Level B) 
Lab Analysis (Level B) 

d. What are the requirements for precision, accuracy, sensitivity, and completeness? 

As stated in SCQ. 
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e. What analytical methods are required? 

Grain-Size Analysis: ASlU 0422 
Moisture Content: ASlU 0221 6 
Atterberg Limits: ASlU 0431 8 
Cohesive Soil Density: ASlU 02937 

Cohesionless Soil Density: ASlU 04564 
Constant Head Permeability Test for Fine Grain Soils: EPA-9100 
Specijic Gravity: ASlU 0854 
Soil Index Properties: Calculated from grain-size analysis, moisture 'content, and 

Atterberg limits 
Void Ratio: Calculated from soil density 
Porosity: Calculated from void ratio 
Degree of Saturation: Calculated from moisture content, specijic gravity, and void ratio 
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SUMMARY: 
(In conjunction with the DQO Summary form) 

1) State the analytical support levels (ASLs) required, and briefly explain the rationale behind the 
choice. 

Field and Sampling Activities (Level B) 
Lab Analysis (Level B) 

2) Identify the analyte(s) of interest. 

Grain-size analysis 
Soil index properties 
Moisture content 
Soil density 
Atterberg limits 
Constant head permeability tests 
Specific gravity 
Void ratio 
Porosity 

3) What type and how many field Quality Assurance samples are required? 

N/A 

4) What type and how many laboratory Quality Control samples are required? 

N/A 
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DQO SUMMARY FORM 4333 
Revision: Page 13 of 4 
Effective Date: 

l.A. Task/Description: ou # :  5 

l.B. Project Phase: (Circle the appropriate selection.) 
R A  OTHER (specify) 

l.C DQO NO.: DQO Reference No.: 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2. Media Characterization: (Circle the appropriate selection.) 
................ 

Groundwater Surface Water Sediment Waste $+&g$: 
waste ............... wa e ............... .............. 

Air Biological Other Building Debris (Solids) 

Site Characterization A B C D E Risk Assessment A B C D E 
Evaluation of Alternatives A B C D E Engineering Design A B C D E 
Monitoring during remediation activities A B C D E 

. Other A B C D E (Explain) Removal Action 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I 4.A. Regulatory Driver: DOE Order 5400.5 and NRC 1.86 

4.B. Objective: 

To determine hydraulic conductivity at different points on the site. 

Glacial till characterization recommends sampling monitoring wells at 
selected locations across the site. Info&tion from this task will 
be used in the CRU-5 RI/FS. 
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DQO SUMMARY FORM 

Revis ion : 
Effective Date: 

Page 14 of 4 

DQO Number: 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

6.A. Data Types with appropriate Data Quality Level Equipment 
Selection and SCQ Reference: (Place an I1X" to the right of the 
appropriate box or boxes selecting the type of analysis or 
analyses required. Then select the type of equipment to perform 
the analysis if appropriate. Please include a reference to the 
SCQ Section.) 

1. PH - 2. Uranium - 3. BTX - 
Temperature - Full Radiologic - TPH - 
Specific Conductance - Metals - Oil/Grease- 
Dissolved Oxygen - Cyanide - 

Silica - 

4. Cations - 5 .  UOA - 6. Other (specify) 
Anions - ABN - Grain-size 

analysis, s o i l  
index DroDerties, 
moisture content, 
soil density, . 
Atterbers limits, 
constant head 
permeability tests, 
specific sravitv, 
void ratio, and 
porositv 

TOX - 
TOC - 
TCLP - 
CEC - 
COD - 

Pesticides - 
PCB - 

6.B. Equipment Selection and SCQ Reference: 

Equipment Selection Refer to SCQ Section 

Level A 

Level B 

SCQ Section: 

Grain Size Analysis: ASTM D422 SCQ Section: 
Moisture Content: ASTM D2216 
Atterbers Limits: ASTM D4318 
Cohesive Soil Density: ASTM D2937 
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DQO SUMMARY FORM 

Page 15 of 4 

Cohesionless Soil Density: ASTM D4564 
Constant Head Permeability Test: ASTM 
D2434 

Specific Gravity: ASTM D854 
Soil Index ProDerties: Calculated 
from srain-size analysis, moisture 
content, and Atterbers limits 

Void Ratio: Calculated from soil 
density 

Porosity: Calculated from void ratios 

Level C SCQ Section: 
Level D SCQ Section: 
Level E SCQ Section: 

, . .  . . .  

Biased Grab Non-intrusive Phased . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Source Grid Composite Intrusive 

Other (specify) : 

7.B. Sample Work Plan Reference: (List the samples required. 
Reference the work plan or sampling plan guiding the sampling 
activity, as appropriate.) 

Background samples: N/A 
Critical samples: 

7.C. Sample Collection Procedure Reference: (Please provide a 
specific reference to the SCQ Section and subsection guiding 
sampling collection procedures.) 

Sample Collection Procedures Reference: Section K 
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4 3 3 3  

Revision: 
Effective Date: 

Page 16 of 4 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
8. Quality Assurance/Control Samples: (Place an "XI1 to the right 

of the appropriate selection[sl.) 

8.A. Field Quality Assurance Samples: 

Trip Blanks - Container Blanks - 
Field Blanks - Duplicate Samples - 
Equipment Rinseate Samples Split Samples - 
Preservative Blanks - Spiked Blanks - 
Other (specify) N/A 

8.B. Laboratory Quality Control Samples: 

Method Blank - Matrix Duplicate/Replicate (Matrix Spike 
Duplicates) - 

Matrix Spike - Surrogate Spikes - 

Other (specify) N/A 

9. Other: Please provide any other germane information that may 
impact the data quality or gathering of this particular 
objective, task, or data use. 
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Analysis 

Shelby/Dennison 
Tube : 
Tube : 

Grain size 
(hydrometer ) 
Atterberg Limits 
Lab Density 
Moisture Content 
Porosity 
Void Ratio 
Specific Gravity 
Constant Head 
Permeability 
(triaxial cell 
with back 
pressure) 

Split Spoon: 
Grain s h e  
(hydrometer) 

(Geotechnical Lab Analysis) 

Number of Sample Container Holding 
Samples Times 

.3 0 
(min. ) 

150 
(min. ) 
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Wax sealed, air 6 months 
and moisture 
proof, Shelby or 
Dennison tube 

Wax sealed, air 
and moisture 
proof, 150 ml 
glass jar 
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