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1.0 INTRODUCTION 

Six monitoring wells were installed to meet the Resource 
Conservation and Recovery Act (RCRA) monitoring requirements at 

- the Feed Materials Processing Center (FMPC) located near Fernald, 
Ohio, The wells will be used to monitor ground water 
conditions around Pit #4 in the Waste Storage Area. This report 
documents the installation of these wells and provides a summary 
interpretation of geologic setting. 

Wells 124, 266, and 366 will be used as upgradient wells to 
establish background water quality while Wells 184, 284, and 384 
will be used to monitor for potential groundwater contamination 
downgradient from Pit #5, Figure 2. Approximate well screen 
depths are identified by the series number of each well. One 
hundred series wells are screened in the glacial till. Two 
hundred series wells are screened in the upper portion of the 
upper sand and gravel aquifer to straddle the water table. Three 
hundred series wells are screened in the lower portion of the 
upper sand and gravel aquifer just above the blue clay. Table 1 
presents completion data summaries for the six monitoring wells. 
Appendix A contains the soil classification logs and Appendix B 
contains the Well Completion Diagrams of the six wells. 

Figure 1. 

2.0 MONITORING WELL INSTALLATION 

The monitoring wells were constructed according to guidelines 
provided in the RCRA Groundwater Mon i torina Technical 
Enforcement Guidance Document. General drilling procedures were 
as follows: 

1. All boreholes were drilled using cable tool drilling methods 
and casing techniques. 

2. Temporary casing and downhole tools were steam cleaned prior 
to drilling. 

3. Boreholes were 10 inches in diameter except for borehole 266 
which was 12 inches in diameter. 

4. No oil, grease, or other lubricant was applied to the 
threads of any casing. 

2.1 Drillins Procedure 

Drilling and sampling operations were conducted according to the 
following procedure: 

1. From ground surface drive a split spoon sampler 18 inches 
into the ground according to ASTM Method D 1586-84 (Appendix 
C) 
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Drill the borehole out to the total depth of the driven 
sampler. 

After repeating steps 1 and 2 five times, drive the 
temporary casing to current total depth of seven and one- 
half feet. 

Repeat steps 1 and 2 without advancing the borehole more 
than 10 feet ahead of the temporary casing. Drive the 
casing as needed and advance the borehole to the bottom of 
the till unit. 

After entering the sand and gravel aquifer, reduce the split 
spoon sampling frequency to one sample every five feet. 
Advance the borehole to the required depth, 

This sampling procedure was followed for the deepest well in each 
cluster to provide a: accurate geologic record at each drill 
site. Shallower wells were not sampled. Wells that did not 
require sampling the borehole were advanced as quickly as 
possible, but were never advanced more than 10 feet deeper than 
the temporary casing. Drilling operations were facilitated by 
adding water to the borehole. The water was obtained from FMPC 
fire hydrants. A record of the amount of added water is located 
on the soil classification logs included in Appendix A. 

2.2 Honitorina Well ComDletion 

The monitoring wells were installed according to the well 
construction diagram shown in Figure 3, Seven feet of well 
screen were installed in Well 124, ten feet in Wells 184, 366, 
and 384, and 15 feet in Wells 266 and 284. 

Prior to installation all screen and casing materials were steam 
cleaned. No oil, grease or other lubricant was applied to the 
casing threads. 

A protective casing extends 2.5 feet above the ground and has the 
well identification number welded on the protective casing cap. 
Well construction diagrams and summary sheets are also located in 
Appendix A.  A three foot by three foot, four-inch thick, 
concrete apron was poured around each well. 

2.3 ComDletion Procedure 

The monitoring wells were installed according to the following 
procedure: 

1. Pull the temporary casing back to the well screen 
installation depth and allow the borehole to collapse below 
that point. 
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2. Lower the stainless steel monitoring well screen and casing 
down the borehole inside the temporary casing. 

3. Pour sandpack in place around the screen and extending two 
feet above the screen. 

4. Withdraw the temporary casing from the stabilized section of 
the borehole. 

- 

5. Pour a five foot bentonite plug in place on top of the 
sandpack. 

6. Remove temporary casing from that stabilized section of the 
borehole. 

7. Tremie volclay grout down the borehole on top of the 
bentonite plug. 

8. Remove temporary casing after that section of the borehole 
is stabilized with well pack. 

9.  Repeat steps 7 and 8 until the borehole is grouted to ground 
surf ace. 

10. Install the protective casing unit and concrete pad. 

11. After 48 hours, develop the well to RCRA specifications. 

2.4 Construction Materials 

The monitoring wells are constructed of the following materials. 

Protective Casing: Carbon steel, 10 inch diameter, at least one- 
quarter inch wall thickness, five feet in length, locking cap, 
painted aviation orange. 

Riser: 316 stainless steel, 4 inch I.D., schedule 05, thread 
with flush joints. I 

Caps: Well Wizard PVC caps, 4 inch I.D. for the 200 and 300 
series wells. A 316 stainless steel, 4 inch I.D. cap was used 
for the 100 series wells. 

Sand: Inert quartz. Sieve analyzed to match screen slot size. 

Bentonite: Sodium bentonite pellets. 

Grout: American Colloid Company Volclay Grout. 

Concrete Mix: Portland type I1 cement and gravel. 

3 



3.0  SOIL SAMPLING 

Split barrel sampling was conducted using an 18-inch drive split 
spoon sampler in accordance with ASTM method D 1586-84. The 
samplers are two inches outer diameter and one and three-eighths 
inch inner diameter. - - 

After opening the split spoon the soil sample was monitored with 
an HNu photoionization detector, an alpha scintillator, and 
a beta/gamma pancake probe. The sample was described according 
to the Unified Soil Classification System (USCS). Colors were 
classified using Munsell Color Charts. Compressibility was 
measured with a pocket penotrometer. The above information is 
recorded on the soil classification logs included in Appendix A. 

Between sampling events the split spoons were decontaminated by 
the following procedure: 

1. Alconox detergent wash. 

2. Potable water rinse. 

3. Methanol rinse. 

4. Two deionized water rinses. 

At each cluster location, soil samples were taken continuously 
through the glacial till and at five foot intervals through the 
sand and gravel aquifers. For the cluster at location 66 the 
logs from Wells 266 and 366 constitute a complete sampling 
sequence. Also the lithologic log for Well 324, which is not a 
designated RCRA well, represents the lithologic control for Well 
124. 

4.0 LITHOLOGY 

The soil classification logs for Wells 266, 366, 124, 324, 184, 
284, and 384 are provided in Appendix A. A comparison of these 
well logs reveals similar lithologies in the glacial till at all 
three well cluster locations. 

4 . 1  Well 366 

In Well 266 and 366 the glacial till is composed predominantly of 
gray clay with traces of sand, silt, and gravel to a depth of 33 
feet. From 33 to 43 feet the upper portion of the upper sand and 
gravel aquifer is characterized by brown sand and gravel. The 
section from 43 to 84 feet is mostly gray silt and clay. From 56 
to 61 feet a 5 foot section of gray sand occurs within the gray 
clay and silt. Gray sand with gray clay layers are also 
encountered from 84 to 95 feet. From 95 to 120 feet there is 
gray clay and silt, and from 120 to 139 feet there is gray sand. 
From 139 feet to the borehole bottom of the hole at 152 feet 
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sandy clay predominates. 
be the "blue clayot which was encountered in Wells 324 and 384. 

None of these clays and silts appear to 

Well 366 is on the northern edge of the sand and gravel aquifer. 
This sand and gravel aquifer underlies most of the FMPC. The 
frequent changes from sand and gravel to clay and. silt indicates 
interlayering of the sand and gravel aquifer with other 
depositional environments, 

4.2 Well 324 

Well 324, located approximately 2500 feet southwest of Well 366, 
illustrates the more typical sand and gravel sequence underlying 
the FMPC. From ground surface to 34 feet is the glacial till 
sequence dominated by gray clay. Well 324 encounters brown sand 
between 34 feet and 56 feet. At 56 feet a gray sand, then gravel 
sequence was encountered until 99 feet. From 99 to 102 feet is a 
clay layer. From 102 feet to 112 feet is sand and at 112 feet 
silty clay begins grading into the "blue claytt which was 
encountered at approximately 115 feet. The blue clay is eight 
feet thick at this location and is underlain by olive brown 
gravel from 123 to 135 feet, and then dark grayish brown sand and 
gravel to the bottom of the borehole at 156.5 feet. 

4.3 Well 384 

This sequence is very similar to the lithology encountered in 
Well 384 which is located approximately 600 feet south of Well 
324. In Well 384 the upper sand and gravel aquifer is 
encountered at 38 feet. The color changes from yellow to gray at 
61 feet, and the blue clay was encountered at 119 ft. 

5 . 0  DEDICATED SAMPLING PUMPS 

Wells 266 and 366 have dedicated Well Wizard pump systems 
installed for water sampling. Wells 284 and 384 will also have 
dedicated pump systems after they are developed. All wells will 
have a dedicated bladder type pump for sampling and Wells 284, 
384, and 366 will have an additional high flow rate purge pump 
which is used to remove well water before sampling. The 
construction specifications for the dedicated pump systems are as 
follows: 

Bladder pump: Model T-1200, Teflon/316 stainless steel 
construction. 

Purge pump: Model HR-4700, Teflon/316 stainless steel 
construction. 

Tubing: Model PT-5100, Teflon lined polyethylene. 

Caps: Models 2020-C and 2050-C, PVC. 
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Driver Controller: Model 3111, automatically cycles sampling and 
purge pumps. A three horse power Briggs and Stratton engine 
coupled to an oilless 100 psi compressor is mounted in a cart for 
easy transport. 

- -  6.0 SUMMARY 

S i x  monitoring wells have been installed for the purpose of 
monitoring ground water conditions around Pit 4. These wells 
will be used for RCRA ground water monitoring, and are 
constructed according to RCRA guidelines. Soil Sampling . 
conducted during drilling operations provides an accurate 
subsurface picture for the area north of Pit 5. 

Dedicated Well Wizard pump systems are installed in Wells 266 and 
366. The pump systems will be used to gather ground water 
samples for RCRA monitoring. Wells 284 and 384 will receive 
dedicated pump systems after the wells are developed. 
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TABLE 1 - 

'COMPLETION DATA SUMMARY 

WELL SCREEN INTERVAL ELEVATION IN FEET 
NO. TOP ROTTOM 

184 562.2 552.2 

284 524.59 509.6 

384 480.07 470.07 

124 562.7 555.7 

266 533.2 518.2 

366 453.2 443.2 

. .- 

LA 
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PERFORATION TYPE: 

SLOTS 0 HOLES c] SCREEN a 
AVERAGE SIZE OF PERFCRATIONS .C/O [NC*4 
TOTAL PERFORATED AREA 15 

PROTECTION SYSTEM 

RISER PROTECTIVE PIPE LENGTH -3 FI-, OTHER PROTECTION L Cc G A W  E 

PROTECTIVE PIPE 0.0. IC2 / A I L  # AbJO Lock 

DISTANCE ABOVE /BELOW E L E VAT I 0 N 
GROUND SURFACE ( PT)  ( F T )  MSL ITEM 

TOP OF RISE3 PIPE FT- I 
GROUND SURFACE 0.0 

BOTTOM OF PROTECTIVE PIPE 

BOREHOLE F I L L  MATERIALS : 
GROUT /SLURRY 

BEN TON I T E 

SAN 0 

w o  GRAVEL USED 

PERFORATED SECTION 
PIEZOMETER TIP 
BOTTOM OF BOREHOLE 

GWL AFTER INSTALLATION 

2.5 FT. 

-- TOP 0.0FT. B@TTOV s/.qn TCP BOTTOM 

TOP s/.I/ FT. BOTTOM 5b.Y .TOP BOTTOM 

TOP -33.4~7 BOTTOM 7q,aFT TOP BOTTCM 

TOP 9OTTOM r/?f: TOP BOTTOM 

TOP sati[ BOTTOM 73 C /  TOP BOTTOM 

3L .O A 
77.0 

6'3.3 F T ,  

WAS THE PIEZOMETER FLUSHED AFTER INSTALLATION 7 
WAS A SENSITIVITY TEST PERFORMED ON THE PIEZOMETER? 

I 
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PIEZOMETER INSTALLATION SHEET 

RISER PROTECTIVE PIPE LENGTH S F T, 
PROTECTIVE PIPE 0.0. I@ (4J 1 
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OTHER PROTECTlOh L Cck,e%G CAP- 
WSTU L o C  k 

PRCJECT NC. b.C> lT- 
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PROJECT NAME fEf'/'-t? PI /E 
PRCJECT NC. b.c lT- 
8ORING NO. 2534 
PIEZOMETER NO. NL+ ..- 

- - 
PIEZOMETER ..- NO. NL+ 
BOREHOLE ..,-. DRILLING 

PIEZOMETER DESCRIPTION 

TYPE PMJ C?C;AC MG 

DIAMETER OF PERFORATED SECTION 
PERFORATION TYPE : 

4 ,". 

SLOTS 0 HOLES 0 SCREEN 

AVERAGE SIZE OF PERFCRATIONS 
TOTAL PERFORATED AREA 1 ' 3  ir* 

.Cta I U.I+ 

PROTECTION SYSTEM 

RISER PIPE MATERIAL 3 / 6  -VtW&Zs S7Pc 
RISER PIPE DIAMETERS: 

LENGTH OF PIPE SECTIONS 10 rTO 

0.0. 4 -2i If 1U-l. 0. q /A/ 

JOINING METHOD whzfia Aui? 
c ,a E.  

BOTTOM OF PROTECTIVE PIPE 

BOREHOLE F I L L  MATERIALS : 
GROUT /SLURRY 

BENTON I T €  

SAN 0 

GRLUrEt- 
PERFORATED SECTION 
PIEZOMETER TIP 
BOTTOM OF BOREHOLE 

GWL AFTER INSTALLATION 

BOTTOM 

BOTTOM 
BOTTC'M 

BOTTOM 

BOTTOM 

&-A . . . 

WAS THE PIEZOMETER FLUSHED AFTER INSTALLATION 7 YES 0 NO 
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WAS A SENSITIVITY TEST PERFORMED ON THE PIEZOMETER? Y E S O  NO a 
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DRILLING FLUID (SI USED: 
F L U I D ~ & T E Q  FROM 5 TO Cz c 
FLUID ,mJ F R O M H  TOP+ 

1- 
I- 
I 
I 
I 
I 
I 

CASING SIZE (SI USED: TEKPOaRC!3 

SIZE 12' FR@M 6, TC (Sr 
S l Z E h f ? -  FROM T C b P  

PIEZOMETER INSTALLATION SHEET 

TYPE s T p \ u \ K  3 %  \TrU (2 \L\ 

DIAMETER OF PERFORATED SECTION 4 " I ) ?  

PERFORATION TYPE: 

AVERAGE SIZE OF PERFCRATICNS . O/ I I J c X  

SLOTS 0 HOLES [7 SCREEN Q] 

PROJECT NAME ccIZN/tLil I FIELD ENG./GEO.U, $hL-g:c/ DATE 5- 3-5 7 
PRCJECT NC. lo c. 7 CHECKED BY -- DATE 

PIEZOMETER NO. 
--I- - 

7 L d  DATE OF INSTALLATION 9-31- 8 7  
BORING NO. 2Lcb 

BOREHOLE DRILLING 

6) RISER PIPE MATERlAL(c;&, N L , z ~ <  < ~ e g ~  - 6/  
RISER PIPE DIAMETERS: 

LENGTH OF PIPE SECTIONS / 0 t=T, 
0.0. 9 3 %  - I. 0. 4 '/ 

JOINING METHOD T 9LFAA Ad11 f C' c. ,,y,= 

RISER PROTECTIVE PIPE LENGTH 5 F T .  - 
PROTECTIVE PIPE 0.0. IC / L C  ItCA 

OTHER PROTECTlOh LOC K .4& LAP 
+ 

p.b3 LlXk 

I 
I 

~ ~~ 

DISTANCE ABOVE /BELOW ELEVATION ~ 

GROUND SURFACE ( m )  ( Fr ) IU'LL ITEM 

TOP OF RISER PIPE 1 , o  !=T.  
GROUND SURFACE 0.0 
BOTTOM OF PROTECTIVE PIPE A S  FT 

1 
1 
I 
' O W A S  THE PIEZOMETER FLUSHED AFTER INSTALLATION? YES 0 N O B  

Y E S O  No B WAS A SENSITIVITY TEST PERFORMED ON THE PIEZOMETER7 
REMARKS Ly E L L  7 0  / r F  D,3lKcc:,9,'-R LAX=/. 

BOREHOLE F I L L  MATERIALS : 
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_- GROUT /SLURRW 2 L.Q-() B@TTOU 3d.3 TCP BOTTOM 

BENTONITE ?%1 GTJ TOP 35 2 BOTTOM 4 q . O '  .TOP BOTTOM 

SAND r TOP qq,6 BOTTOM 33& TOP BOTTCM 
bo G?+W.- TOP BOTTOM TOP BOTTOM 

PERFORATED SECTION TOP 45' BOTTOM bo' TOP BOTTOM 
PIEZOMETER TIP 6 2 4  f SILT 1 7 a ~ )  - 
BOTTOM OF BOREHOLE lo3 

i GWL AFTER INSTALLATION 3c1 
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FLU10 k,+mx FRCIM 1' TO i%(/tz* 
FLUID - FROM - TO L 

RVFS 

SIZE /On FR@M 0 TC /SO' 
SIZE - FROM - TC - 

PIEZOMETER INSTALLATION SHEET 

PRCJECT NC. 6OZ CHECKED By DATE- - 

BORING NO. 3 b b -  

PROJECT NAME f6z/ulf'b z l / 6  FIELD ENG./GEO. 0 C . W q  DATE q-z7-&) 

PIEZOMETER NO. 366  DATE OF INSTALLATION 9-  22%7 
BOREHOLE DRILLING 

RISER PROTECTIVE PIPE LENGTH 5- p r  OTHER PROTECTlOh L c X K M E  CAP 

PROTECTIVE PIPE 0.0. !" ' & C # G s  
4 

I- 
I 
I 

L 

ITEM 

TOP OF, RISER PIPE 

GROUND SURFACE 

BOTTOM OF PROTECTIVE PIPE 

:I . -  

DISTANCE ABOVE /BELOW 
GFIOUND SURFACE (FT) 

0.0 

E L E VAT I 0 N 
( r: ) .ALL 

Lt9 6 

j! #< F'T- 

PI E ZOMETER DESC R I PTlON 

TYPE 31b ST- 5 lee( *ai, w-w ,Lt\L 
DIAMETER OF PERFORATED SECTION 
PERFORATION TYPE: 

q''? / D  

SLOTS HOLES SCREEN 
AVERAGE SIZE OF PERFCRATICNS 
TOTAL PERFORATED AREA 

/ 

~~~ 

B O R E H O L E  F I L L  MATERIALS : I 
GROUT /SLURRY uCLcL,+! 

BENTON 1 T E !?s 
SAND 
FceMutlc?u 

PERFORATED SECTION 
PIEZOMETER TIP 

TOP j I BOTTOM I TCP I BOTTOM I 
I BOTTOM -1 

BOTTOM 137.q  '1 TOP I BCTTCM I 
BOTTOM lri I TOP I BOTTOM I 
BOTTOM 1.3 I BOTTOM TOP 

- 
~ 

BOTTOM OF BOREHOLE 

GWL AFTER INSTALLATlON 
t 

WAS THE PIEZOMETER FLUSHED AFTER INSTALLATION 7 
WAS A SENSITIVITY TEST PERFORMED ON THE PIEZOMETER 7 

YES 0 NO &? 
Y E S O  NO @ 
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Designation: D 1586 - 84 4Slt 

Standard Me h o d  for 
PENETRATION -ST AND SPLIT-BARREL SAMPLING OF 
SOILS' 

This sundud h itsued uoda thc tixed d w t i o o  D IS86 the number immediatdy following thc &S&UIOO indicatn rhe year of 
orig~nal adoption or, in the czy of d o a  the yar of Ira revision. A n u m b  io pumxhus ind@t~~ rbe yar of bn mpproval. 
A suprrcnpt @on (0 iodiatcs ao aliMkl chaogc nwc the IPa misioo or rerpproval. 

This method has been approvpdfor w e  by agencies of ihe Depmrnmi of Lk$fnse andfor lining in ihe DOD Index o/Spec$caiiiin.~ 
and Siandards. 

1. scope 
1.1 This method describes the procedure, gen- 

erally known as the Standard Penetration Test 
(SFT), for driving a split-barrel sampler to obtain 
a representative soil sample and a measure of the 
resistance of the soil to penetration of the sam- 
pler. 

1.2 This standard may involve hazardous ma- 
terials. operations, and equipment. This stondard 
does not purport to address all of the safety prob- 
lems associated with its use. It is the responsibil- 
ity of whoever uses this standard to consult and 
establish appropriate safety and health practices 
and determine the applicability of regulcuory limi- 
tations prior IO use. For a specific precautionary 
statement. see 5.4.1. 

1.3 The values stated in inch-pound units are 
to be regarded as the standard. 

2. Applicable Documents 
2.1 .4STM Standards: 
D 2487 Test Method for Classification of Soils 

for Engineering Purposes' 
D2488 Practice for Description and Identifi- 

cation of Soils (Visual-Manual Procedure)' 
D4220 Practices for Reserving and Trans- 

poning Soil Samples' 

3. Descriptions of Terms Specific to This Stand- 
ard 

3.1 anvil-that ponion of the driveweight as- 
sembly which the hammer strikes and through 
which the hammer energy passes into the drill 
rods. 

3.2 cathead-the rotating drum or windlass 
in the rope-cathead lift system around which the 
operator wraps a rope to lift and drop the ham- 

mer by s u d v e l y  tightening and loosening the 
rope turns around the drum. 

3.3 drill r d - d  used to transmit down- 
ward forcc and torque to the drill bit while drill- 
ing a borehole. 

3.4 drive-weight assemb1)ca device consist- 
ing of the hammer, hammer fall guide, the anvil. 
and any hammer drop system. 

3.5 hammer-that portion of the drive-weight 
assembly consisting of the 140 f 2 Ib (63.5 2 1 
kg) impact weight which is successively lifted and 
dropped to provide the energy that accomplishes 
the sampling and penemtion. 

3.6 hammer drop system-that portion of the 
driveweight assembly by which the operator ac- 
complishes the lifting and dropping of the ham- 
mer to produce the blow. 

3.7 hammer fall guide-that pan of the drive- 
weight assembly used to guide the fall. of the 
hammer. 

3.8 N-value-the blowcount representation of 
the penetration resistance of the soil. The N- 
value. reported in blows per foot. equals the sum 
of the number of blows required to drive the 
sampler over the depth interval of 6 to 18 in. 
(I50 to 450 mm) (see 7.3). 

3.9 AN-the number of blows obtained from 
each of the 6-in. (I 50-mm) intervals of sampler 
penetration (see 7.3). 

3. IO number of rope turn-the total contact 
angle between the rope and the cathead at the 

' This mahod is under the jurisdiction of ASTM Committee 
D l 8  on Soil and Rock and U che d i m  responsibility of 
Subcornmime Dl8.02 on Sampling and Rdated Field Testing 
for Soil Invmiptions. 

Current edition approved Sept. I I. 1984. Published Novem- 
ber 1984. Originally published as D I S86 - 58 T. h t  prev~ous 
edition D I S86 - 67 ( 1974). 

'.4nnrtal B i d  t r /  .4ST.W Siandurcls. Vol 04.08. 
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beginning of the operator's rope slackening to 
drop the hammer. divided by 360' (see Fig. I). 

3.1 1 sampling rodr-rods that connect the 
drive-weight assembly to the sampler. Drill rods 
are often used for this purpose. 
- 3. I2 SET-abbreviation for -Standard -Pene-- 
tration Test. a term by which engineers com- 
monly refer to this method. 

4. Significance and Use 
4.1 This method provides a soil sample for 

identification purposes and for laboratory tests 
appropriate for soil obtained from a sampler that 
may produce large shear strain disturbance in the 
sample. 

4.2 This method is used extensively in a great 
variety of geotechnical exploration projects. 
Many local correlations and widely published 
correlations which relate SPT blowcounS or N- 
value, and the engineering behavior of earth- 
works and foundations are available. 

5. Apparatus 
5 .  I Drilling Equipment-Any drilling equip 

ment that provides at the time of sampling a 
suitably clean open hole before insertion of the 
sampler and ensures that the penetration test is 
performed on undisturbed soil shall be accepta- 
ble. The following pieces of equipment have 
proven to be suitable for advancing a borehole 
in some subsurface conditions. 

5.1. I Drag, Chopping, and Fishtail Bits, less 
than 6.5 in. (162 mm) and greater than 2.2 in. 
(56 mm) in diameter may be used in conjuction 
with open-hole rotary drilling or casing-advance- 
ment drilling methods. To avoid disturbance of 
the underlying soil, bottom discharge bits arc not 
permitted: only side discharge bits arc permitted. 

5.1.2 Roller-Cone Bits, less than 6.5 in. (162 
mm) and greater than 2.2 in. (56 mm) in diam- 
eter may be used in conjunction with open-hole 
rotary drilling or casing-advancement drilling 
methods if the drilling fluid discharge is deflected. 

5.1.3 Hollow-Stem Continuous Flight Augers? 
with or without a center bit assembly, may be 
used to drill the boring. The inside diameter of 
the hollow-stem augers shall be less than 6.5 in. 
( 162 mm) and greater than 2.2 in. (56 mm). 

5.1.4 Solid, Continuous Flight, Bucket and 
Hand Augers, less than 6.5 in. (I62 mm) and 
greater than 2.2 in. (56 mm) in diameter may be 
used if the soil on the side of the boring does not 

0 1588 

cave onto the sampler or sampling rods dunng 
sampling. 

5.2 sampling Rods-Flush-joint steel dnll 
rods shall be used to connect the split-barrel 
sampler to the drive-weight assembly. The Sam- 
pling rod shall have a stiffness (moment of her-- 
tia) equal to or greater than that of parallel wail 
'A" rod (a steel rod which has an outside diam- 
eter of I % in. (4 1.2 mm) and an inside diameter 
of 1% in. (28.5 mm). 
NOTE I - R a n t  m h  and cornparawe testing 

indicates the type rod used wth suffness rangng from 
'A" size rod to 'N" size rod. wll usually have a 
negligible effect on the .V-valua to depths of at least 
100 A (30 m). 

5.3 Split-Barrel Sampler-The sampler shall 
be constructed with the dimensions indicated in 
Fig. 2. The driving shoe shall be of hardened steel 
and shall be replaced or repaired when it becomes 
dented or distorted. The use of linen to produce 
a constant inside diameter of 1% in. (35 mm) is 
permitted, but shall be noted on the penetration 
record if used. The use of a sample retainer basket 
is permitted, and should also be noted on the 
penetration record if used. 

NOTE 2-Both theory and available t m  data suggest 
that N-values may increase benvetn 10 to 30 '75 when 
linm arc used. 

- - 

5.4 Drive- Weight Assembly: 
5.4.1 Hammer and Anvil-The hammer shall 

weigh 140 f 2 Ib (63.5 & 1 kg) and shall be a 
solid rigid metallic mass. The hammer shall stnke 
the.anvi1 and make steel on steel contact when it 
is dropped. A hammer fall guide permitting a 
free fall shall be used. Hammen used with the 
cathead and rope method shall have an un- 
impeded overlift capacity of at least 4 in. (100 
mm). For safety reasons. the use of a hammer 
assembly with an internal anvil is encouraged. 

Nm 3-11 is suggested that the hammer fall guide 
be permanently marked to enable the operator or in- 
spector to judg the hammer drop height. 

5.4.2 Hammer Drop System-Ropeathead, 
trip, semi-automatic, or automatic hammer drop 
systems may be used, providing the lifting appa- 
ratus will not caw penetration of the sampler 
while reengaging and lifting the hammer. 

5.5 Accessory Equipment-Accessories such 
as labels, sample containen, data sheets and 
groundwater level measuring devices shall be pro- 
vided in accordance with the requirtments of the 
project and other ASTM standards. 



6. DrillingPtocedure 
6.1 The boring shall be advanced inmemen- 

tally to permit intennittent or continuous sam- 
pling. Test intervals and locations an normally 
stipulated by the project engineer or geologist. 
Typically, the intervals selected are 5 fi ( 1.5 mm) 
or lcss in homogeneous strata with test and sam- 
pling locations at every change of strata. 

6.2 Any drilling procedure that provides a 
suitably clean and stable hole before insertion of 
the sampler and assures that the penetration tm 
is performed on essentially undisturbed soil shall 
be acceptable. Each of the following procedures 
have proven to be acceptable for some subsurface 
conditions. The subsurface conditions antici- 
pated should be considered when selexting the 
drilling method to be used. 

6.2.1 Open-hole rotary drilling method. 
6.2.2 Continuous flight hollow-stem auger 

6.2.3 Wash boring method. 
6.2.4 Continuous flight solid auger method. 
6.3 Several drilling methods produce unac- 

ceptable brings. The process of jetting through 
an open tube sampler and then sampling when 
the desired depth is reached shall not be permit- 
ted. The continuous flight solid auger method 
shall not be used for advancing the boring below 
a water table or below the upper confining bed 
of a confined noncohesive stratum that is under 
anesian pressure. Casing may not be advanced 
below the sampling elevation prior to sampling. 
Advancing a boring with bottom discharge bits 
is not permissible. It is not permissible to advance 
the boring for subsequent insertion of the sam- 
pler solely by means of previous sampling with 
the SPT sampler. 

6.4 The drilling fluid level within the boring 
or hollow-stem augers shall be maintained at or 
above the in situ groundwater level at ail times 
during drilling, removal of drill rods, and sam- 
pling. 

method. 

7. Sampling and Testing Procedure 
7.1 A k r  the boring has been advanced to the 

desired sampling elevation and excessive cuttings 
have b n  emoved prepare for the test with the 
following sequence of opcration~. 

7.1.1 Attach the split-bami sampler to the 
sampling rods and lower into the borehole. 
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not allow the sampler to drop onto the soil to 
sampled. 

7.1.2 Position the hammer above and attach 
the anvil to the top of the sampling rods. nlS 
may be done beforr the sampling rods ad Sam- 

pler are lowered into the borehole. 
7.1.3 R e t  the d a d  weight of the sampler. 

rods, anvil, and drive weight on the bottom of 
the boring and apply a seating blow. If excessive 
cuttings are encountered at the bottom of the 
boring remove the sampler and sampling rods 
from the boring and remove the cuttings. 

7.1.4 Mark the drill rods in three successive 
6-in. (0.15-m) increments so that the advance of 
the sampler under the impact of the hammer can 
be easily observed for each 6-in. (0.15-m) incre- 
ment. 

7.2 Drive the sampler with blows from the 
140-lb (63.5-kg) hammer and count the number 
of blows applied in each 6-in. (0.15-m) increment 
until one of the following occurs: 

7.2.1 A total of 50 blows have been applied 
during any one of the three 6-in. (0.15-111) inm- 
meets described in 7.1.4. 

7.2.2 A total of 100 blows have been applid. 
7.2.3 There is no observed advance of the 

sampler during the application of 10 succesdve 
blows of the hammer. 

7.2.4 The sampler is advanced the complete 
18 in. (0.45 m) without the limiting blow c O U ~ ~  
occumng as described in 7.2.1, 7.2.2. or 7.2.3. 

7.3 Record the number of blows r e q u i d  to 
effect each 6 in. (0.15, m) of penetration of frac- 
tion thereof. The first 6 in. is considered to be a 
seating drive. The sum of the number of blows 
required for the second and third 6 in. of Fne- 
tration is termed the ‘standard penetration re- 
sistance”, or the “N-value“. If the sampler 15 

driven less than 18 in. (0.45 m), as permind In 
7.2.1, 7.2.2, or 7.2.3. the number of blows Fr 
each complete 6-in. (0.13-m) increment and Fr 
each partial increment shall be recorded on the 
boring log. For partial inmments, the depth Of 
penetration shall IX reported to the nearest 1 in- 
(25 mm). in addition to the number of blows. If 
the sampler advances below the bottom of the 
boring under the static weight of the drill rods Or 
the weight of the drill rods plus the static weight 
of the hammer, this information should be noted 
on the boring log. 

7.4 The raising and dropping of the 140-lb 



(63.5-kg) hammer shall be accomplished using 
either of the following two methods: 

7.4.1 By using a trip, automatic, or semi-au- 
tomatic hammer drop system which lifts the 140- 
Ib (63.5-kg) hammer and allows it to drop 30 2 
1.0 in. (0.76 m f 25 mm) Unimpeded. 

7.4.2 By using a cathead to pull a rope at- 
tached to the hammer. When the cathead and 
rope method is used the system and operation 
shall conform to the following 

7.4.2.1 The cathead shall be essentially free of 
rust. oil, or grease and have a diameter in the 
range of 6 to IO in. ( 150 to 250 mm). 

7.4.2.2 The cathead should be operated at a 
minimum speed of rotation of 100 RPM. or the 
approximate speed of rotation shall be reported 
on the boring log. 

7.4.2.3 No more than 2% rope turns on the 
cathead may be used during the performance of 
the penetration test. as shown in Fig. 1. 

NOTE &The operator should generally use either 
I V.4 or 2% rope turns. depending upon whether or not 
the rope comes off the top ( 1% turns)  or the bottom 
(2% turns) of the cathead. It is generally known and 
acccpted that 2% or more rope turns considmbly 
impedes the fall of the hammer and should not be used 
to perfom the test. The cathead rope should be rnain- 
tained in a rclauvely dry, clean, and unfrayed condition. 

7.4.2.4 For each hammer blow, a 30-in. (0.76- 
m) lift and drop shall be employed by the oper- 
ator. The operation of pulling and throwing the 
rope shall be performed rhythmically without 
holding the rope at the top of the stroke. 

7.5 Bring the sampler to the surface and open. 
Record the percent recovery or the length of 
sample recovered. Descnbe the soil samples re- 
covered as to composition, color, stratification, 
and condition. then place one or more repre- 
sentative portions of the sample into sealable 
moisture-proof containers (jars) without ram- 
ming or distorting any apparent stratification. 
Seal each container to prevent evaporation of soil 
moisture. Affix labels to the containen bearing 
job designation, boring number, sample depth, 
and the blow count per 6-in. (0.13-m) increment. 
Protect the samples against extreme temperature 
changes. If there is a soil change within the 
sampler, make a jar for each stratum and note 
its location in the sampler barrel. 

8. Report 

the field and shall include the following: 
8.1 Drilling information shall be recorded in 
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8.1.1 
8.1.2 
8.1.3 
8. I .4 
8.1.5 

boring, 
8.1.6 

Name and location 
Names of crew. 

of job. 

Type and make of drilling machine. 
Weather conditions. 
Date and time of start and finish of 

- _ _  

Boring number and location (station 
and coordinates. if available and applicable). 

8.1.7 Surface elevation. if available. 
8.1.8 Method of advancing and cleaning the 

8.1.9 Method of keeping boring open. 
8.1.10 Depth of water surface and drilling 

depth at the time of a noted loss of drilling fluid. 
and time and date when reading or notation was 
made. 

boring, 

8.1. I 1 Location of strata changes. 
8.1.12 Size of casing, depth of cased portion 

of boring, 
8. I .  13 Equipment and method of driving 

sampler. 
8.1.14 Type sampler and length and inside 

diameter of barrel (note use of linen). 
8.1.15 Size. type!. and section length of the 

sampling rods. and 
8.1.16 Remarks. 
8.2 Data obtained for each sample shall be 

recorded in the field and shall include the follow- 
i n g  

8.2. I Sample depth and. if utilized. the sample 
number, 

8.2.2 Description of soil. 
8.2.3 Strata changes within sample. 
8.2.4 Sampler penetration and recovery 

8.2.5 Number of blows per 6 4 .  (0.15-m) or 
lengths. and 

partial increment. 

9. Recision and Bias 
9.1 Variations in N-values of 100 R or more 

have been observed when using different stand- 
ard penetration ten apparatus and drillers for 
adjacent brings in the same soil formation. Cur- 
rent opinion, based on field experience, indicates 
that when using the same apparatus and driller. 
IV-values in the same soil can be reproducd with 
a coefficient of variation of about 10 %. 

9.2 The use of faulty equipment. such as an 
extremely massive or damaged anvil. a rusty 
cathead. a low speed cathead, an old. oily rope. 
or massive or poorly lubricated rope sheaves can 
significantly contribute to differences in N-values 



o b n e d  between operator-drill rig systems. 
9.3 The variability in N-values produced by 

different drill rigs and opcramrs may be reduced 
by measuring that part of the hammer energy 

delivend into the drill rods From the sampler and 
adjusting N on the basis of comparative energies. 
A method for energy measurement and N-value 
adjustment is currently under development. 
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