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January 2000 

Addendum to the Groundwater Sampling and Analysis Plan for 
Corrective Action and Compliance Monitoring 

The Groundwater Sampling and Analysis Plan for Corrective Action and Compliance 
Monitoring (SAP) (Radian 1998) addresses collection of groundwater samples at the 
International Paper Retail Packaging Facility in Wilmington, North Carolina (the 
facility), to satisfy the requirements of the facility's Hazardous Waste Management 
Permit NCD072 022 726 (Permit). This addendum to the SAP specifies additional 
groundwater sampling and analysis activities that will be implemented to evaluate the 
performance of the enhanced natural attenuation corrective action at the facility. These 
activities include installation of one new monitoring well, collection of additional field 
parameter measurements during each groundwater sampling event, and two additional 
groundwater sampling events to be performed in conjunction with the initial 
implementation of corrective action. Each of these activities is described below. 

Installation of Groundwater Monitoring Well MW-34 

One additional shallow groundwater monitoring well, designated MW -34, will be 
installed to provide additional monitoring of the performance of the enhanced natural 
attenuation corrective action system. MW-34 will be installed approximately 75ft due 
west of well MW-9 (Figure 1). MW-34 will be added to the monitoring well network for 
corrective action monitoring and will be sampled as specified in the SAP and this 
Addendum. 

Well MW-34 will be constructed in accordance with North Carolina well construction 
standards (NC Administrative Code, Title 15, Subchapter 2C, .0100). The well will be 
completed in the upper water-bearing zone and will extend to a total depth of 20ft or the 
contact between the undifferentiated surficial sediments and the siliceous limestone "cap 
rock" (Castle Hayne Formation), whichever is less. The borehole for MW -34 will be 
advanced using decontaminated hollow-stem auger drilling methods. A drilling 
contractor certified in North Carolina will perform the installation, under the supervision 
of a qualified geologist. The geologist will log the subsurface lithology based on field 
observations of the drill cuttings. The types of deposits encountered will be recorded on 
the lithologic logs using the ASTM Standard D-2488 group symbol classification system 
in accordance with Exponent SOP-49 (Attachment A). Lithologic logs will also include 
descriptions of soil color using Munsell color charts, visually estimated moisture content, 
and a textural description of the cuttings. If encountered, the top of the Castle Hayne 
Formation will be noted clearly on the log. 

Typical construction details for well MW-34 are shown in Figure 2. The well will be 
constructed of 2-in. Schedule-40 PVC casing with flush-threaded couplings. The well 
will be screened over the lower 10 ft of the total well depth, using a 10-ft section of 
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0.010-in. mill-slotted PVC well screen with an end plug. Blank PVC casing will extend 
from the top of the screen to the ground surface. Stainless-steel centralizers will be 
attached at the top and bottom of the well screen. The annular space will be backfilled 
with No. 10-20 Colorado silica or equivalent to approximately 1 ft above the top of the 
screen. A 1- to 2-ft-thick bentonite seal will be placed on top of the sand pack. The 
bentonite seal will be hydrated with clean water and allowed to set for sufficient time to 
ensure a proper seal. High-solids bentonite grout or bentonite chips will be placed from 
the bentonite seal to within 2 ft of the ground surface. A surface seal consisting of 
Portland cement will be placed from the top of the bentonite to the ground surface. The 
surface completion will consist of an aboveground monument with a steel protective 
riser. In accordance with North Carolina requirements, a permanent identification plate 
will be affixed to the riser indicating the drilling contractor and registration number, the 
date the well was completed, the total depth of the well, the depth to the screen, and a 
warning that the well is not to be used for water supply and that the groundwater may 
contain hazardous materials. 

Following construction and a minimum 24-hour stabilization period for the grout and 
surface seal, MW -34 will be developed to remove fine-grained materials from within and 
around the sand pack. Development will be achieved by pumping and surging until the 
discharge water is clear of fine materials, or until a minimum of 10 casing volumes have 
been removed, whichever occurs first. All development water will be properly contained 
in UN-approved drums and disposed. Following installation, a professional land 
surveyor will survey the location of well MW -34 to a horizontal accuracy of 1.0 ft. The 
reference elevation will be determined to an accuracy of 0.01 ft. 

Collection of Additional Field Parameters 

In addition to the three field parameters (i.e., temperature, pH, and specific conductivity) 
listed in Appendix A of the facility's Hazardous Waste Management Permit (NCD 072 
022 726), dissolved oxygen (DO) concentration, ferrous and total iron concentrations, 
and oxidation-reduction potential (Eh) will be measured at each well sampled during each 
groundwater sampling event at the facility, during both the corrective action and the 
compliance monitoring periods. 

All field parameters will be measured during purging of each well. Flow from the 
discharge tubing will be directed into a flow-through cell for the field parameter 
measurements. Use of the flow-through cell will minimize groundwater contact with the 
atmosphere, which could influence some field parameter measurements (i.e., temperature, 
DO, and Eh). Field parameters (pH, temperature, specific conductivity, DO, and Eh) will 
be measured and recorded at every purge volume. These parameters will be measured 
following the methods described in SOP-56 (Attachment A) using a YSI multimeter 
model YSI 600XL (or equivalent), which will be calibrated daily and operated in 
accordance with the manufacturer's recommendations. In addition, a grab sample will be 
collected at every purge volume from the discharge of the flow-through cell to measure 
iron concentrations and turbidity. Ferrous and total iron concentrations will be measured 
using the methods described in SOP-61. Turbidity measurements will be made using a 
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DRT-15CE turbidimeter (or equivalent) following Exponent SOP-424. A minimum of 
three well volumes, or the number of well volumes required until field parameters· 
stabilize within 10% of the previous reading, whichever is greater, will be removed prior 
to sample collection. Discharge from the flow-through cell will be directed into a 
secondary container and transferred to a UN-approved drum for proper handling and 
disposal. 

Sampling Schedule 

As specified in the SAP, groundwater samples will be collected semiannually in April 
and October of each year from six existing monitoring wells (POC-1, MW-9, MW-21, 
MW-23, MW-25, and MW-31) during the corrective action monitoring period. The new 
monitoring well (MW-34) will also be monitored semiannually during the corrective 
action monitoring period. In addition, one groundwater sample will be collected annually 
during the corrective action monitoring period, in October of each year, from well 
MW-10, completed in the lower water-bearing unit. 

Two additional sampling events are proposed during the corrective action monitoring 
period for wells MW-9, MW-31, and MW-34 to provide additional performance data 
following the initial application of ORC®. These sampling events will be performed one 
month and three months after the initial application of ORC® at the facility-proposed to 
occur immediately after the April 2000 groundwater sampling event. Therefore, the two 
additional sampling events are planned for May and July of 2000. Groundwater samples 
collected during these additional monitoring events will be analyzed for the field and 
laboratory parameters specified above and in the SAP. 
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Attachment A 

Exponent Standard Operating 
Procedures 



Note: SOP 49 cited within. 

STANDARD OPERATING PROCEDURE 

LOGGING OF SOIL BOREHOLES 
SOP48 

The following procedures for completing the Field Borehole Log Form (Attachment 48-
1) establish the minimum information that must be recorded in the field to adequately 
characterize soil boreholes and are to be used for Exponent projects where soil boring 
techniques are performed during field exploration. An example of a completed field 
borehole log form is attached. These procedures are written for boreholes using 
mechanical equipment. All pertinent sections should be used for hand-augured or hand­
dug boreholes. 

These procedures include minor modifications to ASTM D-2488-84 (Attachment 48-2) to 
emphasize environmental investigations as opposed to geotechnical investigations (for 
which the standards were written). Field staff are encouraged to examine ASTM D-2488-
84 in its entirety. Because environmental projects are each unique and specific job 
requirements can vary widely, the minimum standards presented may need to be supple­
mented with additional technical descriptions or field test results. However, all field 
borehole logs, regardless of special project circumstances, must include information 
addressed in this SOP to achieve the minimum acceptable standards required by 
Exponent. 

HEADING INFORMATION 

Project Number: Use the standard Exponent contract number. 

Client: Identify the name of the client and the project site location. 

Location: If stationing, coordinates, mileposts, or similar are applicable, identify the 
location of the project. If this information is not available, identify the facility (e.g., 20ft 
northeast of Retort #1). 

Drilling Method: Identify the bit size and type, drilling fluid (if used), method of 
drilling (e.g., rotary, hollow-stem auger, cable tool), and the name of the drill rig (e.g., 
Mobil B61, CME 55). 
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Diameter: Provide the diameter of the borehole. If the borehole has variable diameters, 
provide the depth interval for each diameter. 

Sampling Method: Identify the type of sampler(s) used (e.g., standard split spoon, 
Dames & Moore sampler, grab). 

Drilling Contractor: Provide the name of the drilling contractor. 

Exponent Staff: Enter the name(s) of Exponent staff performing logging and sampling 
activities. 

Water Level Information: Provide the date, time, depth to static water, and casing 
depth. Generally, water levels should be taken each day before resuming drilling and at 
the completion of drilling. If water is not encountered in the boring, this information· 
should be recorded. 

Boring Number: Provide the boring number. A numbering system should be developed 
prior to drilling that does not conflict with other site information, such as previous 
drilling or other sampling activities. 

Sheet: Number the sheets consecutively for each boring and continue the consecutive 
depth numbering. 

Drilling Start and Finish: Provide the drilling start and finish dates and times. 

For consecutive sheets, provide, at a minimum, the job number, the boring number, and 
the sheet number. 

TECHNICAL DATA 

Sampler Type: Provide the sampler type (e.g., SS =split spoon, DM =Dames & Moore 
split spoon, G = grab). 

Depth of Casing: Enter the depth of the casing below ground surface immediately prior 
to sampling. 

Driven/Recovery: Provide the length that the sampler was driven and the length of sam­
ple recovered in the sampler. This column would not apply to grab samples. 

Sample Number/Sample Depth: Provide the sample number. The sample numbering 
scheme should be established prior to drilling. One method is to use the boring number 
and consecutive alphabetical letters. For instance, the first sample obtained from Boring 
MW-4 would be identified as 4A and the second would be identified as 4B, and so on. 
Another method for sample identification is naming the boring number with the depth. 
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For example, the sample from Boring 1 at 10ft would be labeled B1-10'. The depth of 
the sample is the depth of the casing plus the length to the middle of the recovered sample 
to the nearest 0.1 ft. Typically, split spoon samplers are 18 in. long. Samples should be 
obtained from the middle of the recovered sample. The depth of the sample with the cas­
ing at 10ft would then be 10.7 ft. 

Number of Blows: For standard split spoon samplers, record the number of blows for 
each 6 in. of sampler penetration or the "N" value, which is the sum of the blows in the 
last two 6-in. intervals. A typical blow count of 6, 12, and 14 is recorded as 6/12/14 or as 
an "N" of 26. Final boring logs will record "N" values. Refusal is a penetration of more 
than 6 in. but less than 12 in. with a total blow count of 100 or a penetration of less than 6 
in. with a blow count of 50. A partial penetration of 50 blows for 4 in. is recorded as 50/4 
in. For nonstandard split spoons (e.g., 5-ft spoon used for continuous sampling), total 
blows will be recorded. 

Blank Columns: Two blank columns are provided. Project managers are encouraged to 
use these columns for site-specific information, usually related to the contaminants of 
concern. Examples for a hydrocarbon site would be sheen and OVM readings of the 
samples. 

Depth: Use a depth scale that is appropriate for the complexity of the subsurface condi­
tions. The boxes located to the right of the scale should be used to graphically indicate 
sample locations as shown in the example. 

Surface Conditions: Describe the surface conditions (e.g., paved, 4-in. concrete slab, 
grass, natural vegetation and surface soil, oil-stained gravel). 

Soil Description: The soil description and definition of soil contacts should follow the 
format described in SOP 49. 

Comments: Include all pertinent observations. Drilling observations might include drill­
ing chatter, rod-bounce (boulder), sudden differences in drilling speed, damaged 
samplers, and malfunctioning equipment. Information provided by the driller should be 
attributed to the driller. Information on contaminants might include odor, staining, color, 
and presence or absence of some indicator of contamination. Describe what it is that 
indicates contamination (e.g., fuel-like odor, oily sheen in drill cuttings, yellow water in 
drill cuttings). 
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~~ Designation: 0 2488- a4t 1 

Standard Practice for 
Description and Identification of Soils (Visual-Manual 
Procedure) 1 

7'his saaiiGUilas 1ssuea unau tne rhea Cles~Cft&UOII D 2411: the numDer •mmedlalav foiiOWIIII w desi1MUo11 1nc11aus tile ~ar oi 
Jnpll&l acoou.on or. 111 tne cue oi n:vmon. tne Yell' oi lasll"eVVJIOII. A IIUIDDel' tn Clll'CIIUteiCI IIIGIQICS tne ~ ol l&sl reaoprovu. A 
supcncnoc q)SUOII ltllnOJC:aUS an ecnorw c:t1aqe sacz tne 1as1 revmoa or rea~. 

"'lon SecDon 11 wu ldCeC ecnorwtv 111 Januuv J989 

I. Scope 
1.1 This practice coven procedures ior the descripuon of 

soils for eng~neering purposes. 
1.1 This pm:nce also descnbes a procedure for idenufying 

soils. at the option of the user. based on the c1a.5Slricauon 
system described in Test Method D 2487. The idennricauon 
ts based on vtsu.a! examJnauon and manuai testS. It must ce 
dearly stated in n:porung an 10enuricauon tnat It 1s basec on 
visuai-manuai procedures. 

1.1.1 When prease cla.sSlricauon of sods for eng~nemng 
purposes is reqwred. the procedures prescnbed in Test 
~ethod D 2487 shall be used. 

1.1.2 In this practice. the idennrication portion assignJng 
a group symbol and name 1S limned to sou pamcles smailer 
than 3 in. (75 mmJ. 

1.2.3 The identification poruon of this practice is limited 
to naturally occurring soils. 

:'-IOTE 1-This prac:uce may be used u a desc:npuye symm apphcd 
to sucil matc:nais u stWe. claystOne. sneils. trUSDcd I'Odt. etc. 1 See 
.l,ppenca X2l. 

. 1.3 The descriptive mformauon in this practice rnav be 
used w1th other soli cla.ssuicauon syStems or for mate.nais 
vther than naturally occumng so1Is. 

i ..l This staruJarti may znvotv~ nazardous mazenais. oper­
:Jllons. and equtpmmr. This staruiJJrd does not purpon to 
wddress ail of the safety problems a.ssocuued witir its use. It is 
zhe responstbilizy of whoner uses this standard to consuiz and 
establish appropnme safery anti hea.iJh praatces and dezer­
mzne the appiicabilicy oj rquilllory limita.Itons prtor to use. 
For speafic precautionary statements see Section 8. 

1.5 The vaiues stated in Inch-pound umts an: to be 
reprded a.s the standani. · 

2. Referenced DocumeatS 

:.1 . .fSTJf Stantiards: 
D 653 Term1nology Relating to Soil. Roclc. and Conwned 

fluids; 
D 1452 Practtce _ior Soil Invesug.auon and Sampling by 

~uger Bonngs-

This DrKUce 11 uncer Ule JUrudlcuoD oi ...STM Commnue ~II oD Soil anc 
~oct IIIG IS Ule Qll'la ftSDOIIIIOWIY 01 SubcoiDmmee 011.07 OD ldanuic:auon 
.:~a Clwuic:auo11 oa Sods. 

,- .~rrmt ca•uon •~ Oct. .3. :984 1'\:!:!hsnea Oel:crDDer 1984 Onp!W.Iv 
:u~•Sllea as 0 :411- 66 T. l..aa ~ CGIUOn 0 2411- 6911975). 

· l'"'UGI 8001e 01 AST.\1 StDNIIIIfU. Vol 04 01. 

D 1586 Method for Peneuauon Test and Split-Barrel 
Sampling of Soi.lr -

D 1581 Practice for Thin-Walled Tube Sampling of SoiJsl 
02113 Pracuce for Diamond Con: Drillinc for Site 

lnvemgation; 
D 2487 Test Method for Oassiricauon of Soils for Engi­

neering Purpose.r 

3. Defmitiou 

3.1 Except a.s listed below. ail definitions an: 1n aa:ord­
ance w1th Term1nology D 653. 

:'-~on 2-For parades rewDed on a J-in. c7S-mmt US.SWMiud 
SICW. Ulc followln1 defiDitiODS UC SllgcstM• 

Cobbln--parudcs of roc:1t that W1Jl pus a ll·in. l~mmt square 
OPftlDI and be rewDed on a .3-in. 17S-mau Sieve. and 

8DIIilkn--f)alfldes of rode that will not pass a 12-in. fJOO.mmt 
square opemns. 

3.1.1 da.v-soil passing a No. 200 f75;.LmJ sieve that em 
be made to exhibit plasticity (puny-like propernesl within a 
range of water contents. and that exhibits considenble 
strength when a.ir-<irv. For classiricauon. a clav is a fine­
grained soil. or the fine-grained pon1on of a Soli. w1th a 
pla.stic:ny index equal to or greater than 4. and the plot of 
plasticity index versus liquid limn falls on or above the ·A .. 
line (see Fig. 3 of Test Method D 2487). 

3.1.2 grave/-parucles of rocic that w1U pass a 3-in. 
175-mmJ sieve and be retained on a No.4 (4.75-rnmJ sieve 
with the foUow1ng subdivisions: 
coan~ a 3-in. (75-mmJ sieve and is retained on a 

~'•·in. ( 19-mm) sieve. 
fin~a.sses a 1/c-in. (19-mmJ sieve and is retained on a 

~o. 4 (4.75-mmJ sieve. 
3.1.3 orgamc clay-a clay w1th suificient organic content 

to influence the sou properties. For ciassuication. an orpnic 
clay is a sou that would be cla.SSlfied a.s a cia.v, except that its 
liquid limit vaiue after oven drying 1s less than i 5 % of its 
liquid limit value before oven d.MnL 

3.1.4 Orgamc Slit-a Slit wlth sur1fcient organic COntent tO 
uliluence the sou properues. For cia.ssuicauon. an orgamc silt 
is a soil that would be classified a.s a silt except that Its liquid 
limit value after oven drying is less than 75 % of its liquid 
limit value before oven drying. 

3.1.5 pea.I-a soil composed primanly of vegetable tissue 
tn vanous stages of decompoSition usually W1th an orgamc 
odor. a darlc brown to black color. a spongy conmtcnc:y, and 
a texture rangmg from tibrous to amorphous. 
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GROUP SYMBOL GROUP NAME 

<30'S ..... No. zoo =<::::::::::::: < 15'!L ..... No. zoo la. .. < 15·21'1L ..... No. zoo-=::::::::::::' .... ~.,...- t.a. .. --.... 
CL ..... <'IL.,...-t..__.. .... .,.. 

...... >'!L of .,... =:::::::::::::: < 15'!L.,... ~ ... .. 
~lO'!L ..... No.ZOO------- - ~15'!L.,._ ~..__.. .... .,._. 

------..."'....,. <'!L .,._ -=::::::::::: < 15'!L....,. Gr.-..,..__., 
~15'!L.... a,.-..,.._.., ....... 

<30'S ......... zoo <15'!L ..... No. 200------------Sift 

< -----..;: 15·21'!L ..... No. 200 --===-· ... ~"'.... .... ......... 
ML ---.. .... <"'.,.... Sill.,..,... 

..... ~'!Lof.,...--==-<11'&.,.... .... ... 
>lO'!L ... No. ZOO ---- ~1K.,_.. ..._ ... _..,...._ 
- " ... <'!L.,... =::::<1ft... ~--

~1K.... ~--.- ..... 

< <»'& ....... zoo o::c:::::=-<15'!L ..... No. 2001------------, .. ..., 
____ ,s.zss.-. .... zoo ~· ... ~...- , .. ...., ... _.. 

CH ----" ... <"'.- , .. ...., ... .,....... 
'!L._. ~'!Lof.,_ zc:=><15S.,_.. S...,tac ... 

~lO'!L ... No. zoo ---- ~1K.,.... S....flt ...., .... .,..._ 
"' ..... <'!L.,... :c:=><tls.... a,.,., ... ._. 

~~11s ... ----a,..,., .. -. ... _. 

< 
<30'S.._ No. ZOO -=:::::=- <15'!L ..... No. ZOO ------------E..._ lift 

---.. ,5-21-4 .-.No. ZOO oc:::c-' ... ~.... E.._ lift_._. 

MH ----..... <'IL...... E .......... .,... 
s ... ~'!Lof.,... -=:::=-<11'&.,.... ~---

~lO'!L ..... No. zoo ----~15'&.,... s.... ........... .,.... 
'IL ..... <'IL.,... - ::::<11'&..... ~---

~15'& ..,.. ____ G,..,.,.._ .......... 
'IIOTI~ .,_ ou.:ll on ft&IWIIiiJ llftCU'nS Of fines. NnO. anQ 9f"I'M 10 U'le ...... 5 S. 

FlCI. 1a Flow eMit tor~ IIIOffWIIO ~ lol CSO s «more me.~ 

3.1.6 sand-panicles of rock that wiU pass a No. 4 
t4.7S-mmJ sieve and be retained on a No. 200 (75;.tmJ sieve 
~1th the following subdivisions: 

coarse-passes a No.4 (4.75-mmJ sieve and is retained on 
a :-Jo. 10 (l.OO..mmJ sieve. 

medium-passes a No. 10 Cl.OO-mmJ sieve and is retained 
.:>n a ~o. 40 (425-Jlml s1eve. 

•:ne-passes a So. 40 C42S-I.lml sieve and is retained on a 
~o. 200 175-!.l.mJ s1eve. 

3.1.7 szir--soii passing a ~o. 200 (75-J.LmJ sieve that is 
:1onplasuc or very slight!y plasnc and that exhibiu littJe or no 
strength when air dry. For classification. a silt is a fine­
gra.Jned soli. or the fine-gra1ned poraon of a soil. with a 
plasticity 1ndex less thaD 4. ~r the plot of plasticity index 
vemJS liquid limit falls below the· A .. line I see fig. 3 of Test 
\iethod D 1487). 

GROUP SYMBOL 

4.SIIIIUIW)'ofPracrice 

4.1 Using visual examination and simple manual tests. 
this practlce gives standardi.zed criteria and procedures for 
describing and idenniying soJ.ls. 

4.2 The sod can be given an idenufication by assiptins a 
group symbolts) and name. The flow chans. figs. Ja and lb 
for fine-snmed soJ.ls. and fig. 2. for coarse-grained soils. can 
be used to asstgn tile appropnate group symboJ(s) anci name. 
If the soli has properues which do not distinc:dy place it into 
a speaiic group. borderline symbols may be used. see 
Appendix X3. 

~on J-h is S"uested t!W a dlstiDcu.oD be made bdweea dlllli 
svmbols and bortimm' symbols. 
. DIIIJJ s~mbol-tl\ dual mnbol is r:wo symbols ~ by a bypllca. 

for eum~ie. GP-GM. sw~sc. CL·ML USCG to •ndicate mu me sod bu 
beaiJdcDafied u havtnl lbe p~es oi a ci.ullfabOil Ill accordmce 
wnn Test MethocS 0 2487 where r:wo symbols are req1lllld. Two 

GROUP NAME 

< <30'1 "" .... zoo -:::::::::::::: <15'!L ......... zoo------------~ .... 
15-ai'!L • ..,, No. ZOO - ~ '..,..~'I..,_, o,.....- •""....,. 

OL/OH --..,....,.<"'•,.. ~ ..... ..,.,..... 
....... >'I..,._ ze=== < 15".,..... ....... .,..... ... 

~30'S ....... zoo - ~ ~15" .,._ .................... .,..... 
'IL ..... <,.,._ - ::<11'!L- Gr..-...,._..,. 

~,,....... o, ...................... 
'IOft-P~ ar. DUIICI on "IIIW&iiJ IITICUftl ot fines. lana. 1n0 9f"I'M to U'le I'INrftl 5 S. 

FlO. 1b Flow CJ\aft t« tdenetyiuv Of'9MIC Fine-Gr8inecl Soil f50" or more tine.t 
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GROUP SYMBOL GROUP NAME 

,-: ... ,,.,., ____ ..,..,..,._ -------------GW--==:::::::::::...----• ·~' ---.._ .._ 
"''' .,...._... ................. '"' .... 

-.,,._·-~------------.uP--...----~- zac:::::=>" ,,, .... -....,..,.... ., .. ., .... 
-------...~·~' ...... - ~"" ...... ., ......... ,,... 

_..,.,.,.,, ... _ ~ .. -•'-•• .. ---GW-GM =c:::::::::::::··~,-- ..... ·-··-··"'••• 
·:.lvEL - • ------..._. G C ~,,,.,...._...,.. ..... ., ..... ,.., .. ,.,...,.... 
• ·• 1,, .... , ____.... •0" ,,,... <..""""-.. .:" .. -cL ., .;M w-Q --------- . • '"' ..... ~ ., ......... ., .... .- C1" 

•. ,..... ............... ---. ~ •• , .... --- ...................... ct., .... ..... 
...... _., .... ----._ ._ __ ".,..... GP-GM _______.:.~,--- ...... .,_ •. , •• "' -------.. ----. ~., ........ ---......,.., ..... .,.... ......... , .......... 

r--c\.erCH GP-GC _______.;,~, __ .._.,_., ___ .,.., 
~:::·~,--.._,., ____ ...., __ 

---============:-" .. ----GM-... ~,.,....--<•t'--"'"'"-'''''"" ~ .... ~,--"'"'·----.._" .. cM----GC --==-;'"'-_ _..,.., .,_ 
-----~''"-_ _..,.., ·---

-·--------------SW ~c,,,.,.__-._._ 
,,,_ ~~·•,...------..-

~- .....,.,_ p ------ ::<,,,.,__.._., __ 
~,,,.,__.._., ___ .,_ 

---SW•SM ~<·~ .. ..---·----._ ... ,~,.,._--...-----...----SW·SC ~;,,,.,._ _____ _ 

----. .. ,~ .. ..---·-----..----SP·SM --=:=-;,~,.,_-.._., ___ _ ----. .... ,,., ________ _ 
---_-;SP·SC ==-;,,,., __ .._., ___ _ ---~.,,., ________ _ 

--============·-"., .... ___ ,SM-~=----<•t'..--"'"'-'..;'~''- SC ~~''"..--"'"' __ .,_ 
•---cl..,CH--- ~<1~'1--o.....-

----~~~'1..--.:J--•--

.. oTt~ ... ouea en es'llrfta1lnq II'IICinS ot ftnes. sana. ana grr.w 10 IN ~ s s. 
F10. 2 F1ow CMrt for ldenlrt'fi119 ~ Soil8 , .... lftM 50 ~ ftnest 

;~mcols are reQWt'Cid when the sot! has between 5 anct ll ~ fines or 
.. nen the llQwd limit ana ptasuaey tnaez vaJUC:S plot til tne CL-ML azea 
;i the piuuaey chan. 

3ordmmr Sl·mboi-~ borderline symbol as two symbols ~= 
:v a siasb. for eumpie. CL'CH. GM/SM. CL'ML A bordcrtlne svmOol 
;nowc1 be used tO tndicate uw tile sou has oeen sc1enuried as baYIDI 
;roperoes tl'.at c1o not dlstinc:Uy place the soai aatO a specuie group csee 
~ ppenca X j l. 

~- Si~ic:aDce and L:se 
~.! The descnpuve iniormation required in this pracucc 

:an be usee to descnbe a sou to aid in the evahwion oi its 
signuiant propernes ior engineenng use. 

5.1 The descripuve information reqwred in this practice 
should be used to supplement the cla.ssulcation oi a sou as 
detennJneci bv Test Method D 2481. 

5.3 This pracuce may be used in identifying soils using the 
:lassuianon group symbols and names as prescnbed in Test 
\fethod 0 2487. Since the names and symbols used in this 
~ractJce :o 1denufy the soils are the same as those used in 
Test Method D 2481. it shall be cfeariy stated in reports and 
all other appropriate documents. that the classUication 
symbol and name are based on visual-manual procedures.. 

~. 4 This pracuce is to be used not only for identiiication 
::Ji soils 10 the tield. but aiso in the office. laboratory, or 
·.~o·herever sou samples are Jnspected and described. 

5 .S This pracuce has pamc:ular value in grouping similar 
sod samo1es so that only a minimum number of la.boratorv 
:ests neea be run tor poSitive sod classification. . 

'\OTt '-....-ne abilitv to dcscnbe anct ldcaafy sotJs coJTeCUV IS Jearaea 
-::ore rcauv uaccr tne cusaaDce oi U'PCnenc:cc penonaa.. but at may 

llso be acqwred svstemaac:aJlY by coml'UlnJ nummca! laborator( test 
:esutu for typtca! sotJs oi eadl rype wnn thar visua1 anct nwuw 
cbaraaensucs. 

5.6 When descnbing and idenufying sod samples from a 
given boring, test PlL or group oi borings or pits. it is not 
necessary to foUow all of the procedures m this pracuce for 
every sampte. Soils witich appear to be similar can be 
grouped together. one sampte com~ietely descnbed and 
ideawied wtth the cUlm retermi to as similar based on 
penbmung onty a few oi the descnpnve and idcnuiication 
procedures descnbcd in t.bis pracuce. 

6. Appararas 
6.1 R~r~d Apparazu.s: 
6.1.1 Poe/en Knif~ or SmaJJ Spazuia. 
6.2 Useful Awcziiary Apparazus: 
6.2.1 SmaJJ Test TIJM anti Stoppertor jar with a lid). 
6.2.2 Snuzil Hand Lens. 
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'!. Raceats 
7.1 Purity of Wazer-Unless otherwtse indicated. refer­

ences to water shall be undemood to mean water from a cny 
water supply or natural source. Jnciuding non-potable water. 

7.2 Hydrochlonc A cui-A small bonie of dilute hydro­
chloric: aad. HO. one pan HO {I 0 Nl to three pans water 
t'This reagent is opuon.ai for use With this practicet. See 
Section 8. 

8. Safety Precautioas 
8.1 When prepanng the dilute HO solution oi one pan 
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-. 

1allloulldld I bl Allplllr 

I d) Slltaacwar 

F1G. 3 Typical .,._my of Bulky Gr8ina 

.:oncentrated hydrochlonc actd 1 I 0 .\") to three pans of 
jJsulled water. slowly add acid into water followmg necessary 
sarety precauuons. Handle wnh caiman and store sa1ely. If 
solution comes mto contact wnh the skin. rinse thoroughly 
wnh water. 

8 . .! Caution-Do not add water to acid. 

9. Sampling 

~-1 The sampie shall be constdered to be representauve of 
:he stratum from which it was obwned by an appropnate. 
Jccepted. or standard procedure. 

'\on ~-?refmoh·. the samphnl proceoure snould be 1dc:nm1ea as 
-;mna oc:en conauac:a 1n acconsanc:e 'Wltn Prac:tJcc::s 0 1452. 0 1587. or 
:J :! 1·1. l)r ~1c:thoa 0 1~86. 

~.1 The sample shall be carefully identtfied as to ong~n. 

'\on t!-~c:mans as to the on11a may take the form of a bonn1 
~umoc:r :1na sample number 1n COftJUDcuon 'Wlth a JOb number. a 
!eolog~c stratum. a t'edolopc honzon or a locauon dcscn""oa Wlth 
~e1oea to a Pl:rin1nent monume~n. 1 gnd system or 1 muon numoc:r 
Jnd otTset wnn rc:spc:a to 1 sated cc:ntc:ntnc: and 1 depth or elc:vauon. 

~J For accurate description and identificauon. the mtn· 
::num amount of the speamen to be examtned shall be in 
Jccordance wnh the followmg schedule: 

TABLE 1 Criten• for Descnbing Angutamy of Coar .. ·GreiMG 
PertM:Se• liM Fig. 3) 

:esCI'IDtiOI'I Cntene 
--~--------~~~----------1"9UIII ::llftlelell'llve snll1) eoqes ana rerawet¥ orane s•oes ....,," 

.. noc:IISIIeO sunaees · 

=~eo 

:sncn 11e somqr to afl9\llf Otsc:notJCn out na .... 
·~eoqes 

"IMICIH na .... neanv orane SlOeS our na .... ~ 
:.:mtrl 11'10 eoqes 

=:~ sncn nave srnoonvv eurveo sooes ano no eooes 

:os 

~a1umum Pan1t1e Size. "hnamum Soeamm Size. 
~ Wftllll Si~Oom•n1 

.l 75 mm ISO. 41 !00 IIO.~j lbt 
9.S mm •~• on.J :oo IIO.j lbt 
19.0 mm t¥o '"·' 1.0 qcU lbt 

Jl.l mm t 11
/: on. I 8.0 q Clllbt 

':"!.0 mm tJ '"·' 60.0 k&lll21bt 
:'-!orr 7-lf ranaom ISOlated paroac:s arc: c:ncouDta'Cd th.u arc 

saputicantJy laraer tnan tnc: panu:lc:s '" tnc: sod mauu. the sod mauu 
can be accuntely descnoc:d ana adc:nuried an aa:orduce W'ltft the 
prea:ecnna schedule:. 

9.4 If the field sample or spec:1men being examined is 
smaller than the mtnimum recommended amount. the 
repon shall inciude :1n appropnate remark. 

10. Descriptive Information for Soils 

I 0.1 .-lnguiarm·-Descnbe the angularity of the sand 
(coarse sizes only). gravel. cobbles. and boulders. as anguJar. 
subanguiar. subrounded. or rounded in accordance with the 
criteria in Table I and Fig. J. A range of angularity may be 
stated. such as: subrounded to rounded. 

I 0.2 Shape-Descnbe the shape of the gravel. cobbles. 
and boulders as rlat. elongated. or rlat and elongated if they 
meet the cntena 1n Table .! :1nd Fig. 4. OthetWise. do not 
mention the shape. Indicate the fractton of the panicles that 
have the shape. such as: one-third of the gra\·el paruc:les are 
flat. 

10.3 Cvlvr-Descnbe the color. Color JS an important 
propeny in idenufying orgamc soris. and within a given 
locality it may also be useiul in 1denufying materials of 

TABLE 2 Critene tor Oeacnbtng Perticfe Sheoe C8M Fig. 4) 

The 0111101t snace snu oe oesc:noea as tonows w,.. "'"911'1· WIG1ft. ana 
:I'IICIU"oeSs rerer 10 me c;reatnt. ~r~termeoare. ana oeas1 Olll'lllnSICJnl Of a oanoae. 
'tsOeCIIVet! 

Flat 
ElonQetea 
>="lat ana ttonQatea 

;:tamon wom wcnn/1niCittlels > 3 
::!amaet Wlll'l oenqtri/WOOtn > l 
=:~1ncn meet c:mena tor oom lilt ana ttonQatea 
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PARTICLE SHAPE 

W•WIOTH 
i =-THICKNESS 
L =-LENGTH 

FLAT: WIT> 3 
ELONGATED: L/ W > 3 
FLAT AND ELONGATED: 

-meers botn crtrerio 

TABLE 3 Cril8ria for De.a!OiiiCJ Moisture Condition 

Jesaauuan 

AOMnee Of I!"'StU'e. OUSty. ory 10 ll'llt teucn 
OII'IID DUt no \'ISICie wetw v.-.. tree WltW. USU11V SO. • r.aw WIIW laae 

s1mriar geologic ongin. If the sample contains layen or 
i'atches of vamnl colors. this shall be noted and all 
representauve colon shall be descnbed. The color shall be 
described for mom samples. If the color represents a dry 
~ondition. this shall be stated in the repon. 

10.4 Odor-Descnbe the odor if organ1c or unusual. Soils 
containing a significant amount of organ1c material usua.Uy 
;,ave a distincu\'e odor of decaYtng vegetauon. This 1s 
~spectaily apparent ID fresh samples. but if the sampies are 
jned. the odor may often be revtved by heaung a mOistened 
sampie. If the odor IS unusual (petroleum product. chemJcaJ. 
::nd the likel. it shall be descnbed. 

10.5 .\lomure Contiillon-Descnbe the moisture condi­
:Jon as dry. motst. or wet. m accordance with the cmena in 
Table j_ 

i 0.6 HCI Reacuon-Descnbe the reacuon wnh HQ as 
1one. weaic. or strong. m accordance wnh the cmera in 
7Jble 4. Since caioum carbonate ts a common cemenung 
l~ent. a reoon oi i:s presence on the bastS. of the reacuon 
4~th dilute.hydrocnloric aetd is imponant. 

T AILE 4 C~ for Oeec:uDiUCJ 1ne Reec:oan Wittt HCI 

~ 

HeM 
Strcln9 

No ~ I'NICIIOn 

Some .. -=en. Wl1ft llUOCIIII tarrl'rcJ ~ 
VtOIInl rnc1101'1. Wlln cueciiiiiCI'TN'Ig .,.ill""lliOiii-IIIIS.WN 

TABLE 5 Crtt.N fM Descnb~r~CJ eo. ....... , 

Thl.wre w o. wa •• so. mora INn 1 n. 125 """' 
Thl.wre w O.WG"IIe so. IDCUl 1 n •25 IIW'M 

T'hu'IO w tnaene SO. 1CCU1 ''• n 1& "'"' 
Thl.wre w ncx tnaene so. DUt ruaw ,..,_, Mlft...,.... 
Tht.nO'W - 1'101 nolnf so. 

10.7 Consistency-For iruaa fine-grained soiL describe 
the consistency as very soft. soft. firm. hard. or very hard. in 
accordance with the cnteria in Table 5. This obser'Yauon is 
inappropnate for soils with significant amounts of gravd. 

10.8 Cemmrazzon-Descnbe the cementation of intact 
coarse-IU'31ned sods as weaic. moderate. or strong. m ac:c:ord­
anc:e ~th the cntena in Table 6. 

10.9 Structure-Describe the structure oi inw:t soils in 
accordance with the cntena in Table i. 

10.10 Range of Pamcie Sizes-For gravel and sand com­
ponents. describe the range oi pamcle sizes wttbin each 
component as defined in 3.1.2 and 3.1.6. For exampl~ about 
:!0 ~ fine to coarse gravel. about 40 % fine to coarse sand. 

10.11 Jfaximum Panzcle Si:e-Descnbe the muimsun 
panic:le size found in the sample in accordance with the 
foUowing informauon: 

10.11.1 Sand Si:e-lf the max.Jmum panicle size is a 
sand size. describe as tine. medium. or coarse as defined in 
3.1.7. For example: maxJmum parucle size. medium sand. 

10.11.2 Gravei Si.:e-lf the maximum pamcle size is a 
gravel size. descnbe the max1mum pamcie s1.ze as the 
smallest s1eve opening that the panicle wtil pass. For 
example. max1mum parucle size. l !.': in. 1wiil pass a 111:-in. 
square opening but not a .>f•·in. square opemn&J. . 

10.11.3 Cobble or Boulder Si:e-lfthe max.Jmum pamcle 
size is a cobble or boulder size. descnbe the maximum 
dimension of the largest panicle. For example: maximum 
dimension. 18 in. 1450 mm 1. . 

10.12 Hardness-Describe the hardness oi coarse sand 
and larger panicles as hard. or state what happens when ~e 
panicles are hit by a hammer. for example. gravel-me 
pamcles fracture with considerable hammer blow. some 
gravel-size parucies crumble wtth hammer blow. ·Hard" 
means panicles do not crack. fracture. or crumble under a 
hammer blow. 

10.13 Additionai comments shall be noted. such as the 
presence of roots or root holes. difficulty tn drilling or 
augenng hole. cavtng oi trencil or hole. or the presence of 
mica. 

\Jrewuaca• 

~or CII"MMiil wnn MtW:1r4 01 me t'ftJir ~ 
~or CII"MMIII wnn ca_ .. lr'l;lr cr-.. 
w. ncx c:nl'r'Oe or cnM wnn trqw cnsan 
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TABLE 1 Crtten. w OeiCIIMIIII ~ 

:escnonon 

31cx:XY 

~.~~ ...,.... or VWW~q ..,. or COIOf"""" ..,_..at 
e• t'""' nar. note~ 

AA8rNWWJ !~yen~ Of VIIY'ftl rna.- 0T C0t:J1 ""'n 1fle 
·~YW~._ .,., t rmt nca: note~ 

3,... IICniJ oem.. ~ ol lr'ICIU'W """" lrt1M 
'HIItlnea 10 1r'KUnJ 

~'IC!Ift ~ atiCIMr ~ cr ~· ~ 
Stnlllld 

ecr-Mt .. "" C8'l Dll crciC8n OOWft rrtO .,.. fi9Mtl 
unoe .,., ,... V1IW ~~r.....,., 
~ of sm111 oocxea o1 t2fflnrW --. ll.Cft 11 ..,.... 

..,._ of sano ~ ft'IUJit a rnasa o1 arr. ,..,. 
:l"'NNa 

S.... cacr ...a ~~~:~DM~•a ~ 

! 0.14 A local or commerc:ia.l name or a geoJ~c: interpre· 
tauon of the soil or both. may be added if idennfied as such. 

I 0.1 5 A dassuication or idennfication of the soLI in 
accordance Wlth other c:lassiiicanon svstems mav be added if 
tdentuied as such. · · 

II. ldenrificarioa of Peat 

I 1.1 A sample composed pnmaniv of Ve2etable ussue tn 

\ anous stages oi decomposmon tnat haS a fibrous to 
lmorpnous texture. usu.aJJy a dark brown to blac:k coior. ana 
Jn organsc odor. snall be de51gnatec1 as a highly orgamc sot! 
and shall be idenuned as peat. PT. and not subjected to the 
tdent.uicauon procedures desc:nbed hereaner. 

12. Prel)ararioa for fdeatificatioa 

11.1 The soli idennficauon ponion of this pracuce is 
based on the ponson of the sod sample that wtll pass a 3-in. 
11 S-mm' sieve. The larger than 3-in. 11 5-mm, particles must 
be removed. manually. for a loose sample. or mentally. for 
ln intact sample before classifying the soil. 

11.1 Estimate and note the pen:en~ of cobbles ana the 
percentage oi boulders. Perfonned visually. these esumates 
·~·til be on the basss oi volume percenta~C-

'.:orE ~-Since the ~taces oi the ~de-me 11istnbunon tn 
7 est MethOd D :.:87 are cy dry 'We'lyn. ana the esanwa oi ~tqCS 
:·or gnve1. sand. ana fines sn t!us pnc:uce are by dry WetiJSl. 1t IS 
ret:ommenaea that U\e fr.)On state U\al the pen:au:qes of cobbles &DO 
':'ouldm are oy volume. 

11.3 Of the frac:uon of the sod smaller than 3 in. C 7 S mm 1. 
esumate and note the percentqe. by dry weipt. of the 
gravel. sand. and fines (see Appendix X4 for sugested 
procedures I. 

'.:OTE 9-Since the oamde·size com~nenu aPJlCV VJsually on the 
':'asas oi \·otume. consaamble expenence 1s requared to esumate tne 
;:-ertenta'es on the baszs oi df"!t" "'~1!\L Frequent compansons wnn 
:aboratory panacae-saze arwyscs snould be maae. 

: ::.3. I The percen~es shall be estsmated to the closest 
~ ':. The percentages oi gravel. s.ana. and fines must add up 
:v 100 CC. 

i .: . .3.: If one of ~he componentS 1s present but not m 
su11icient ouanmy to be constaerea 5 'C of the smaller than 
::-10. ,-~-mm 1 pon1on. mdicate ns presence by the term 
·ran!. for e'ample. ::"3ce of fines. A trace IS not to be 
..:onsaaerea m tne tow of 100 ~ for the componentS. 

13. Prelimiarr ldelltificu:ioa 

13.1 The sod is .rine gramea 1f it conwns :SO % or more 
fines. Follow the procedures for 1denufying rine-g;uned solis 
of Section 14. 

13.2 The soil is coarse grameti if it contains less than 50 ~ 
fines. Follow the procedures for idenut'Ying coarse-gra1ned 
soils of Section l 5. 

14. Proc:edare for ldeatifyiag Fine-Graiaed Soils 

14.1 Select a representative sample of the material for 
enmsnauon. Remove panicles lar1er than the No. 40 sieve 
(medium sand and iarlerl unnl a speamen equivalellt to 
about a handful of mala'ial is ava.Jlable. Use dUs specimm 
for periorm1n1 the dry strenJlh. dilatancy, and toughness 

}10 

tesu. -

14.2 Dry Strmgrh: 
14.2.1 From the specimen. select enough material to mold 

into a baU about I in. (25 mmJ in di.ameter. Mold the 
rnar.eriaJ until it bas the consistency of putty, addiq water if 
nec:essary. 

14.2.1 From the molded' material. make at least three test 
specimens. A test specimen shall be a baU of rnau:riJi about 
:': in. 112 mm 1 an ciiameter. AU ow the test specimens to dry 
in asr. or sun. or by artificial means. as long as the 
temperature does not exc:eeci 60·c. 

14.2.3 If the test specimen contains natural dry lumps. 
those that are about 1/z in. ( 12 mml in diameter may be used 
in pJace of the molded balls. 

Sort 1 o-The prcc:ess of moldiq and dtyilll usually produces 
hilbet strenltbS 1baJl are foUDd ia IWW1I! dry IUIIll'S ol soiL 

14.2.4 Test the strength of the dry balls or lumps by 
crushing between the fingers. Note the streDgtb as none. low. 
medium. high. or very high in accorance with the criteria in 
Table 8. If natural dry lumps are used. do not use the results 
of any of the lumps that are found to contain panicles of 
cause sand. 

14.2.5 The presence of high-strength water-soluble ce­
menting matenals.. such as calcium carbonate. may cause 
ex=1'Uonatly high dry strengths. The presence of calcium 
carbonate can usually be deteCted from the intenSitY of the 
reac:non with dilute hvdroc:hloric aCld Csee 10.6). 

14.3 Dilauw:v: . 
I 4.3.1 From the specimen. select enough material to mold 

into a ball about 1/: in. (12 mml in diameter. Mold the 
material addina water if necessary. until it has a soft. but not 
sticky. consistency. 

14.3.2 Smooth the soil ball in the palm of one hand with 
the blade of a knife or small spatula. Shake horizontally. 

TAIL! I Crttene fot DeactDrM) Ory StrlfWJift 
O..OCIIUI 

NoN The ory scearrwn c:rvroes nto DOWOII' wnn ,.. Qri!IIWe 

ol~ 
l.ow The ory SOICftWI c:r\lmCIIS nto DOWOII' Wl!n some ftnglr 
~ 

~ The ory SDeCWI'III'I DrMitl nto eoec-. or ~ 'Mift COl.,. .. ftnglr crasan 
Hi;ft The ory SD~CnW~ earnor Dll Ct'OII., wnn ftnglr ~-

SC*IINII ..,. tnM rno coecn ~ ..,...,.., lnG a naro 
~ 

VflfY ~ ';'he 0ty ICieCI'*' cannof Dll Ct'OII., Dllt'WMII _.. truro WIO a 
".ard..,.. 
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~ 

::aaa NIW ...-w o..::ldV en 11"4 -.n.ca of 1ne IOeQtfWI Ol.rl"q 
SnaDiq IR2 ~ 0\.tC:IW I.C)Ot:'l ~ 

'..:til Ortt ...,.. er-n • ~ ., .,. .,. .,.., ...,. .,. 
~.,._ nw ....._ 1n11 ... ..,., .. - ana 1att 
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s""'-

stnking the side of the hand vigorously against the other 
hand several times. Note the reac:uon of water appeanng on 
:he sun"ace of the soil. SQueeze the sample by closing tne 
:,anci or pinching the sou between the ringers. and note the 
~eacuon as none. slow. or rap1d in accordance with the 
.:ntena in Table 9. The rezcuon 1s the speed with wbich 
water appears while shaking. and disappears while squeenng. 

: ~-~ Toughness: 
I ~.~.1 Following the completion of the dilatancv test. the 

:est speamen is shaped into an elongated pat and· roiled by 
hand on a smooth surface or between the palms 1nto a thread 
Jbout •;a in. (3 mmJ in diameter. (If the sample is too wet to 
roil easllv. it should be spread into a thin laver and allowed 
to lose same water by evaporation. I Fold the sample threaQs 

J.Dd reroll repeatedly unni the thread crumbles at a diameter 
of about 1/a in. The thread will crumble at a diameter of 1/a 
m. when the soil is near the plastic limit. Note the pressure 
~equ1red to roll the thread near the plastic limit. Also. note 
:!1e strengtb of the thread. After the thread aumblcs. the 
;1e1:es should be lumped together and kneaded unw the 
:ump crumbles. !'o'ote tile toughness oi the matenal dunng 
f;neacilllg. 

14.4.2 Describe the toughness of the thread and lump as 
:ow. medium. or high in accordance with the criteria in 
Table IO. 

14.5 Plascicity-On the basis of observations made during 
the toughness test. describe the plasucuy of the material in 
accordance with the cntena g1ven 1n Table 11. 

"'''CCISIIC ... ·~. I~ n..a Clll'rCif C. .,._, at 1/f¥ ......- CCit'ftWit 

-=• The ...-..a can ~:~~n~y c. ~ 1t10 wne UTG c:amor oe 
famld wrw"l CIWr "'*' .,. CllaAC lrrrl 

·~ The ...-..a • ...., to .,. IR2 not mucn 1lnW • I'IOinO to 
,...., ... cuac ~rrr~. n. .,.,...., camar oe ,..,... an. 
,........, ... cuac 1mrr. n. una CI'I67'0ee __.. CIWr 
11"111'1 .,. caac WM 

-9'1 It -- COl--- 1lnW "*'IJ .,.., IINeai'WI to ,...., h 
;MAC lr'M. The ......., Ql'l c. ~ ..,.,.. ~ aft8r 

~ .,. CllaAC 1mrr. n.. uno can oe 11:1me0 wnncu~ 
cvrarq wrwt CIWr ...... ~ lrrrl 

14.6 Decide wnether tne SOli is an morvamt" or an or~antt" 
rine-gr.unea so1i csee 1-'.St If inorp.n1c. follow the ·steps 
g~ven 10 14.7. 

14.7 !dent~ticatlon o,.lnorramt" Fine-Gram~ Soils: 
14.7 .1 ldenu,Y the SOil as a lean r1a.~·. CL if the sod has 

medium to high dry strencd:L. no or slow dilawu:v. and 
medium toughness and plasticity (see Table 11). · 

14.7 .2 Idenuiy the soil as a fat cia)'. CH. if the soil has 
hilh to very high dry strength. no dilatancy. and high 
to\llhness and plasticity (see Table 11). 

14.7 .3 Identify the soil as a szlt. ML if the sod bas ao 10 

low dry strencth. siow to rapid dilatancy. and low tonatmm 
and plasticity. or is noaplastic: rsee Table 12). 

14.7 .4 Identify the soil as an eiaszic szit. MH. if the sod has 
low to medium dry strength. no to slow dilauncy. and low to 
medium toughness and plasticity (see Table 11). 

SOTI II-These pr~ aes are Stmtlar to thoe for a leaD day. 
H~. the Slit 'MU dry qwdtty oa the banes and have a smoodl. silky 
ied wM1l dry. Some SOlis tbal would dassaiy as MH ia JCCICirduc:e 'M1il 
:he cmena tn Te:u Memcd 0 2417 are YISuaUY difJiadl to disrinpnD 
from lean days, CL It may be neassary to periorm labomory testJq 
for ~ IQCDDhCIUOD. 

14.8 I dent~fieatzon o.t" Orraruc Fine-Grain~ Soils: 
14.8.1 rde11tify the sou as an organzc soz/. OL/OH. if the 

sod conwns eno\ll.il organic pa.mcles to influence the soil 
propenzcs. Orgamc soils usually have a dark brown to blaclt 
color and may have an orpaic odor. Often. orgaajc: soils will 
chaqe color. for example. blaclc to brown. when exPosed to 
the air. Some orgamc soils will lighten 1n color sjgnificanlly 
wben air dried. Orpmc soils normally w1ll not have a high 
toughness or plasticity. The thread for the toughness test will 
be spongy. 

NOTI 12-ln some cases. thloqil prac:na: &na ex~ it may be 
posble to funhet tdanziy the OrpJUC sotls as orpmc sllu or orpmc 
days, OL or OH. Cormauons betWee1l the dilaWIC'Y. dry stmlpb. 
toUiiJ.Dess teSa. aDdlaboratorv testS c:an be mace to tcietlufy orpmc sotis 
rn ccrtllD dc;xlslu oi Similar mawws oi known ceotOilC onpa. 

I4.9 If the sou is esttmaled to have IS to 25% sand or 
gravel. or both. the words ~with sand .. or -w;m gravel" 
(whichever is more pn:dominantl shall be added to the aroup 
name. For example: ~lean clay with sand. CL .. or ~silt with 
gravel. ML .. (see figs. 1 a and l b). If the petUntaiC of sand is 
equal to the pen:en~a~C oi gravel. usc -with sand. .. 

14.10 lf the sou is esnmated to have 30 % or more sand or 
gravel. or both. the words ~sandy .. or -gravelly" sha.U be 
added to the group name. Add the word '"sa.Ddy" if there 
appears to be more sand than gravel. Add the word 
-graveHy" if there appears to be more gravel than sand. For 
example: -sandy lean clay. CL ..... graveily fat clay. CH ... or 
.. sandy silL ML .. (see Figs. 1 a and I b l. If the percentap of 
sand is equal to the percent of gravel. use -sandy." 

TABI.E 12 lcMnofteation of lnorganc Fin.Grained Sol8 front 
,..,.,.. Tetta 

Sail 
Cry SII'Wiqln 01-.!CV Tou;lfiNSa 

SY"'CCIO 

~ 'oiOne 10 lOW SlowiO~ ·..a- or 11'1'110 c:rftiC oe 
fcrmiO 

Ct. '.4«<un tO 1'1111' ~IOSIOW o,4«<Uft 

'-'H :..ow 10,.,..... ~IOSIOW ;,:)W 10 ,........ 

CH '"4igft 10 - ,., ~ HoQil 
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15. Procedure for fdesati:fyiq Coarse-GtaiDed Soils rCon­
:ams iess than :SO % finest 

5. I The sod is a gravel if the percentage oi gravet is 
esumated to be more than the percen~ of sand. 

; 5.2 The sod is a sand if the pen::eDtaiC oi gravet is 
::sumated to be equaJ to or less than the percentage oi sand. 

: 5.3 The sod is a clean graui or clean sand if the 
~rcentqe oi fines lS esnmated to be S % or less. 

: 5 .3.1 ldennfy the soil as a weli-grtUUd grav~i. GW. or as 
a .,.,·eii-gralieti sand. SW. if it has a Wlde range oi parucle sizes 
ana substanu.ai amounts of the inurmediale parnde sizes. 

. 5.3.2 Identify the soil as a poorly grathd grav~. GP. or as 
a pooriy graded sand. SP. if it consists predomilwltty of one 
stze (uniformly graded). or it has a wide range oi sizes with 
some intermediate sizes obviou.sty missing (gap or skip 
graded). 

1 S.4 The soil is either a grav~i with finn or a sand with 
;inn if the percenrqe oi fines ts esnmared to be IS % or 
more. 

1 5.4.1 Identify the soil as a clayey grav~i. GC. or a clayey 
sarui. SC. if the fines are clayey as detenmned by tile 
procedures in Section 14. 

: 5.4.2 Identify the soil as a szity gravel. GM. or a szily 
:·anti. SM. if the fines are stlty as detenmnea by the 
:;JrocedURS tn Section 14. 

iS .5 If the sod is estimated to contain I 0 % fines. pve tile 
sod a duaJ identification using two group symDOls. 

IS.S.l The first group symbol shall correspond to a clean 
gravel or sand CGW, GP. SW, SPl and the second symbol 
shall correspond to a gravel or sand with fines tGC. GM. SC. 
SMl. 

1 S.S.2 The group name s.ball correspond to the tim group 
symbol plus the words •wim clay" or "'with silt" to indicate 
the plasticity cha.raaeristics of the fines. For example: 
-wetl-graded gravel with clay, GW..,oc- or •poorly graded 
sand with silL SP-SM .. (sec Fig. 2). 

15.6 If the speamen is predomtnantty sand or gravel but 
· contains an estimated IS % or more oi the other coarse­
~ ned consmuenL the words ·with gravel" or •with sand" 
;nail be added to the p-oup name. For example: ·poony 
gnded gravel Wlth sand. GP .. or ·clayey sand with gravel. 
sc· csee Fig. 2l. 

1 5. 7 If the field sample contains any cobbles or boulders. 
or both. the words •with cobbles" or '"with cobbles and 
boulders" shall be added to the group name. For example: 
-silty gravel with cobbles. GM ... 

16. Repon 

16.1 The repon shall include the iniormation as to origin. 
and the items mdicated in Table 13. 

-.:orr 13-E~am,,: Cia~· Gravd wttlt SaNJ aNi Cobbln. GC­
l.bout 50 "C line to coane. sub!Ounded to subancutar gravet: about 30 ~ 

312 

' Gtaua ,.,. 
2. GtCLO nmod 
3. PtrCIN Cll CllCalll t1l ~. t1l DOtr'IIC't vcunet 
4. PtrCIN Cll CJ'ftiL llnll. t11 IN&. t11 II ern. IIJy ory .....,.., 
5. P•1iCIHIZII ,.,.: 

Gr.- .... COir'le 
~.meaum.~ 

6. ,... ~ ~- .....-. II.O'CUIGed. n:x.nlld 
7. P.- 1n1CC llf ICCIOU••t flit • .,.qall4. ftat Ina.,. ; J1 
s. Marrun c:wwa Ira t1l GmWWUi\ 
9. ~ Cll ~...., lnll111'91f ~ 

10. fl'alaly CIII'Nc tO c IDW. meaull.l'lgl'l 
t t. Dry .....-c raw. IDW. meaun.. r.J' . ..,.., l'lgl'l 
12. DW.:cv. raw . .,.,,.., 
13. T~ tow.,...,., l"'gft 
1.. COicf li\ ,.. a:nllllftt 

'5. Oci:lr ~,..,. CI'9I"C t1l ~ 
1 IS. Mci1111n: ory, ,..._ Wilt 
17 . ......, .... HQ:,...,..... .... 1Wn9 
Ftll .... ..,...;: 
11. Col G nll!ftnl,.,.~..,,.-.,,.._. ._ ~.,.., tofl. 10ft. lmt. IW'd. wtry,.. 

't. S1n.l::ue: ~ ~ ftulncl. SIICMMGid. ..... l"ccrriio 
giiWDUI 

20. c. ...... , .... ,.,....., IWn9 
21. ~ ... 

22. GlaD9a ·-" ..... ' 
23. ~ "''''•-= ar..-ee Clf 1'01:11:1 t11 roar l"lCCIIL ,..__ Gl ,.., 
~ n:.. .,._. ~ an =---4'•• ..-, c:awwJ t1l 
Slllq'rq Cll IUiJII' ,..,.. t1l ......, .... adcuty " IUglmO « &LCJW4 
I'll:. 

fiDe to coane. subrouDded sand: about 20 " fiaa wnJa medium 
plaaic:ity. biiD dry ~ co dilasaDcv. medium toUibDDI: v.ak 
rac:lioD wttb HO; onpw field samJ)jc had about 5" (by vohamct 
subrouDded ~ mwmum dimeDslcm. 1.50 IDIIL 

la-Pial:e U.DdiUoDs-F'um. hom~ dly, browa 
Gcaoclc Ja~-A.Iluviai faD 
Non 14--0ther eum~a of soil dcscnlmons IDd idanificuioG are 

giwa ia A~ XI and X2. 
Non J.S~f desired. the ~r.aaes of gravel saDd. aDd fiaa may 

be swa1 ia terms IDdicatlDI a ranp of ~tqa. as follaws: 
T~Pinida an: prc:s~:Dt but esnm:uect to be le:Silbaa 5 " 
Frw-S to 10 " 
l.ilW-IS to 2.5 ~ 
Somt'-30 to •s" 
Jlost/,_50 to 100" 

16.2 If. in the soil descnption. the soil is identified using a 
classiiication group symbol and name as described in Test 
Method 0 2487. it must be distinctiy and clearly staled in Jog 
forms. sumDW"Y tables. reports. and the like. t..bal the symbol 
and name are based on \isuai-manual procedures. 

11. Precisioa I.Dd Bias 
17. I This practice proVJdes qualitative information only, 

therefore. a preasion and bias statement is not applicable. 

18. Index Terms 
18.1 Clawtication. soil classificauon. visual classification. 

soil descnpcon. clay, slit. sand. gravel. orgamc soils. 
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.\PPE~DIXES 

( ~ onnwuiatorv Information t 

XI. EXAMPLES OF 'flStJAL SOIL DESCRIPTIONS 

X 1.1 The followmg exam pies show now the iniormauon 
required m I 6.1 can be reponed. The mfonnauon that 1s 
mciuded in descnpuons should be based on mdividual 
circumstances and need. 

Xl.l.l Well.Gratied Gravei w11ir Santi fGU.I-~bout 
-:-5 9G fine to coarse. hard. suban~War gravei: about 25 ~ fine 
to coarse. hard. subanplar sand: trace oi fines: maxJmum 
s1ze. 75 mm. brown. dry: no reaction wni:t HO. 

Xl.1.2 Silly Sand w11ir Gravei fS.\Ii-~bout 60% pre· 
dommantly fine sand: about .25 % silty fines wnh low 
plasticity. low dry strength. raptd dilatancy. and low tough­
ness: about IS % fine. hard. subrounded gravel. a iew 
gravei-s1ze parucles fractured wnh hammer blow: maxJmum 
s1ze •. .25 mm: no reac:uon wnh HO C~ote-Field sample SJ.Ze 

smaller than recommended). 
In-Place Condillons-Firm. stranfied ana conwns tenses 

oi silt I to l in. c 15 to 50 mm J th1ck. molSl. brown to 2I'a"r-: 

m-place densuy 106 lb/ftJ: in-place moisture 9 %. - · 

X 1.1.3 OrJamc Soil fOLIOHI-~bout I 00 ~ fines l'1th 
low plasticity. slow dilatancy. low ory strength. and low 
toughness: wet. dark brown. orpnu: odor: weak reac:rioa 
with HO. 

X 1.1.4 Sill)' Sand with Orgamc Fines tS.\Ii-About 15 % 
fine to coarse. hard. subanguiar reddish sand: about 25 % 
organic and silty dark brown nonpiastic rines w1th no dry 
suenath and slow dilatancY: wet: max1mum size. coarse 
sand: weak reaction w1th HO. 

X 1.1.5 Poorly Gratkd Gravei M"llh Silt. Santi. Cobbles anti 
Boulders fGP-GMJ-~bout 75% fine to coane. hard.. 
subrounded to suba.niuiar gravel: about 15 % fine. hard.. 
subrounded to subangujar sand: about 10 % silty nonplastic 
fines: moist. brown: no reacuon wnh HO: angina! field 
sample had about 5 % (by ,·olumeJ hard. subrounded 
cobbles and a trace oi hard. subrounded boulders. w1th a 
maximum dimenSJon of 18 in. 1450 mmJ. 

Xl. L"SING l'HE IDENllFICA TION PROCEDURE .AS A DESCRIPTIVE SYSTEM FOR SHALE. CU YSTONE. 
SHEllS. SLAG. CRUSHED ROCK. AND TilE UKE 

X2.1 The identiiicauon procedure may be used as a 
descnptive system applied to matenals that exist in-snu as 
shale.· claystone. sandstone. slltstone. mudstone. etc .• but 
conven to soils after tield or laboratory processing (crushing. 
siaking. and the tiket. 

X1.~ ~fatenais such as shells. crushed rode. slag. and the 
!ike. should be Jdenufied as such. However. the proceaures 
used in this prac:nce for descnbing the panicle stze and 
plasucity charaaenstics may be used in the descnpuon oi the 
matenal. If desired. an Identification using a group name and 
symbol according to this practice may be assigned to aJd in 
descnbing the matenaL 

Xl.J The group symbol(s) and group names should be 
placed in quotauon marb or noted 'Wlth some type of 
distingulShing symbol. See examples. 

X2.4 Examples oi how group names and symbols can be 
mcororated into a descnptive system for matenals that are 
not naturally occumng so1is are as follows: 

X2.4.1 SluJJe Chunks-Retrieved as .:! to 4-in. (50 to 
IOO.mmt pieces of shale from power auger hole. dry, brown. 
no reaction w1th HO. After slalcing m water for 24 b. 
matenal identiried as -sandy Lean Gay tCU-; about 60% 
lines wnh medium ptasucuy. high dry strengtil. no dilatancy. 
and medium toughness: about 35 ~ fine to medium. hard 
sand: about 5 % gravel-size pteces oi shale. 

X2.4.2 Crushed Sandszone-Product of commercial 
crushing operauon: ·Poorly Graded Sand w1th Silt CSP­
SM)": about 90 % fine to medium sand: about I 0 % 
nonplastic fines: dry. reddish-brown. strong reaction w1th 
Hn · 

X2.4.3 Broken Shells-.~bout 60% gravel-size broken 
shells: about 30 % sand and sand-size sheU pieces: about 
10% fines: ·Poorlv Graded Gravel w1th Sand CGPl ... 

X2.4.4 Crushed Rock-Processed from gravel and cob­
bles in Pit No. 7: .. Poorlv Graded Gravel IGPl-~ about 90% 
fine. hard. angular gnv~l-size parucles: about I 0 % coane. 
hard.. angular sand-size panicles: dry, tan: no reaction w1th 
HO. 

:U. SL"GGESTED PROCEDURE FOR t:SING A BORDERLI~E SY!\'IBOL FOR SOILS WITH TWO POSSIBLE 
IDENllflCA TIONS. 

'\3.1 Since this practice 1s based on esumates oi parucle 
me dismbuuon and plasnctty charaaenstics. it may be 
:1tlkuit to clearly 1denufy the soai as belongsng to one 
;l:egory. To indicate that the soli may fall into one of two 

possible basic groups. a borderline symbol may be used v.ith 
the two symbols separated by a slash. For example: SC/CL or 
CUCH. 

XJ.l.l A borderline symbol may be used when the 
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;ercenul!e oi tines 1s esumatea to oe between 4 5 ana :55 C:C. 
·)ne symoo& should be for a coarse-yamea so1i wnn tines 
~na the otner ior a rine-pmea SOli. For exampie: GNI/ML 
.Jr CLSC. 

.'0.1.2 A borderline symbol may be used when the 
;:'ercen~e oi sand and the percentage oi pvel are esumated 
:o be about the same. for examoae: GP/SP. SC/GC. GM/ 
s~. It is pracucaUy Jmpo$Slble to nave a sod that would have 
J borderline symbol of GW /SW. 

X3.1.3 A borderline symbol may be used when the sod 
.:ould be etther wed graded or poorly graded. For example: 
GWIGP. SW/SP. 

X3.1.4 A borderline symbol may be used when the soil 
could either be a slit or a clay. for example: CL/ML 
CH/MH. SCISM. 

X3.1.5 A borderline symbol may be used when a line· 

~ratnea so1i has propernes that 1na1cate that n :s at tne 
·~ounaarv oetween a soli of low compt'eSSlotlitv ana a sou oi 
;,igt~ comom:stbtlity. For examo1e: CL'CH. MH/ML. 

X3.2 The order oi the boraerline svmbols shouid rerlett 
simllarity to stuTDunding or adjacent sOils. For exam pie: sods 
m a borrow area have been idennried as CH. One sample 1s 
considered to have a borderline svmool of CL and CH. To 
show s1mdaricy. the borderline s~mbol should be CH/CL. 

X3.3 The IJI'DUP name for a sod 'Nlth a borderline symbol 
should be the group name for the tim symbol. except for: 

Cl/CH lean to fat clav 
~UCL clayey Slit · 
Cl/ML silty clay 

X3.4 The use of a borderline symbol should not be used 
indiscriminately. Every etTon shall be made ro lim pface tbe 
soil into a smgie group. 

X4. SUGGESTED PROCEDURES FOR ESTIMATING mE PERCENT AGES OF GRAVEL SAND. 
AND nNES IN A SOIL SAMPLE 

X4.1 Jar Method-The relauve pen:enta~e of coarse- and 
:ine-gra.med matenai may be esumated by thorougiliy 
snaking a mixture oi soil and water tn a test tube or Jar. and 
then ailo'Nlng the mixture to senre. The coarse parucies 'Nlil 
fall to the bonom and succes.stvely finer panicles "1il be 
Jeposned with increastng time: tne sand sizes w1il fall out oi 
suspenSion tn 20 to 30 s. The re1auve proporuons can be 
I!SUmated from the relative voiume oi each size separate. 
This method should be correlated to parucJe-size laboratory 
determtnauons. 

X4.2 Visual J!ethod-MentaHy visualize the gravel size 
pamcles placeci'in a sack lor other containerJ or sacks. Then. 
do the same with the sand size pan1cies and the fines. Then. 
mentally compare the number of sacks to estimate the 
percentage of plus !'olo. 4 sieve stze and minus No. 4 sieve size 

present. The pen:enta~CS of sand and tines m the minus sieve 
siZe No.4 matena.l can then be esumated from the wasn test 
rX4.3). 

X4.3 Wash Test rfor relazive percent(lfes of sand lZ1Ui 
_!inn1-Select and moisten enough m1nus No. 4 sieve size 
matenai to iorm a l-in clS-mm1 cube oi soil. Cut the cube in 
hal£. set one-half to the side. and place the other half in a 
small dish. Wash and decant the fines out of the material in 
the dish until the wash water is clear and then compare the 
two samples and estimate the percenta3C of sand and fines. 
Remember that the percentqe IS based on weigilt. not 
volume. However. the volume companson will provide a 
reasonable indication of grain size pen:enta~CS-

X4.3.1 While washing. it may be necessary to break down 
lumps oi fines 'Nlth the ringer to get the correct pen:enta~es-

Tltl Altllnl:an S0C.V Pr:l resmq Mt1 _,.,.,.. ,.... 110 DOIIIICft ~ 1t1e YIJICIIIY fll atrV 01r8tW "9MI ~ 1ft CCWil'Ctlllft 

<Ntrft.,., ,., ~-1ft rrttt stMtla'lr. IJS.,.. 01 f1llt JtlltttJMfl ate I.JOI'UIN lal'ISecJ mat CJ«It1nonCICWI 01 r111 VIIIOifV ot I/'IY IIICII 

~ 17gfft. IJ'I(l ltle ftU OllfltrN'9MJM!' 01 SUC1t l"'9fflS. a/llt'llll'll'f l1lllt t/Wfl ~. 

This~ II S&.CIIeCr to 1'1W1M11t. M1f,.,. oy 1111 ,..., ... I'ICMICIIf CQJWl1111N 1/ttl must t:1e ,.,_., ~,.,. ~ Mt1 
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tiCfii!IC* CQIIWIMIN. WfiCII you,.., lftMir. fl )'CU INI mat ,.aur COirMi.NI 111\'e I'ICit I'IC8IWCf I fliT l'tMfrl9 )'011 II'OMl 111111'1 ,.aur 
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~t Designation: 0 2573-72 (Re•~rovea 1978) 

Standard Teat Method for 
Field Vane Shear Test in Cohesive Soi11 

1. Scol)e 
1.1 This method covm the field vane test 1n soft. satu­

rated. cohesive soils. Knowtedge of the nature of the soli in 
wiucb each vane test is to be made is necessarv for 
assessment of the applicability and interpmauon of the test. 

!. SWII.IIW'Y of Method 
:.1 The vane shear test· basically consists of plac:in1 a 

four-bladed vane in the undisturbed soli and rotaUDilt frOm 
:he surface to detcrmme the torsional forte reaUIJ"ed to cause 
1 cylindrical sun"aa: to be shearea by the vane: th1s force IS 

:nen convened to a unit shearing resmance oi the c:vUncincai 
surface. It is of basic importance tbat the friction ot= the vane 
rod and insuument be accounted for. otherwise. the friction 
would be improperly recorded as soil strength. Friction 
measurements under no-load conditions csuc:b as the use of a 
blank stem in place of the vanes. or a vane that aJJows some 
free rotauon of the rod pri~r to load.inl) are satistiactory oniy 
proVIded that the torque IS applied by a balanced moment 
that does not result in a side thrusL As torsionai forces 
become greater during a test. a side thrust in the insuument 
'.1.111 result in an increase 1n friction that is not accounted for 
by mitial no-load readinp. lnsuuments involvina side thzust 
are not recommencied. The vane rod may be of sufficient 
ngJdity that it does not twist under full load conditions: 
JtherMse a correcuon must be made for plotting torque­
~otatton curves. 

3. .\ pparams 

.! .1 The vane sball consist of a four-bladed vane as 
tilu.strated in fig. 1. The beipt of the vane shall be twice tbe 
diameter. Vane dimensions shall be as specuied in Table 1. 
Sizes other than those specified in Table l shall be used oniv 
1111th the penmssion of the engineer in cb.arJe of the borini 
pfOinlll. The ends of the vane may be tapete:d (see fig. 1 ). 
The peneuaung ed3e of -the vane blade shall be siw'pened 
~aVIng an included anpe of 90•. 

3.2 The vane shaJJ be connected to tbe sunice bv means 
vi steel torque rods. These rods shall have surlicient diameter 
such that their eiasuc: limit is not exceeded when the vane is 
stressed to its capacitY (Note l ). They shall be so coupled that 
:he shoulders of the maie and female ends shaJJ meet to 
i'revent any possibilitY oi the coupling ughtemng when the 
torque ts. applied during the test. lf a vane housing is used. 
tne torque rods sball be equipped with weU-Iubricated 

:-has mCUIOd IS uDCSCr tile l\ltlldiaiOtl o( -'Sl'M Commma 0.1 I on SoLI aD4 
:x1 an4 11 UIC 41Ra. ~CII.brv of Subc:omaunet 011.02 oa S&m.,uq UIG 
"-e>aleG faeld Tesuq ror So&llrr•• 1 •urL 

C.umst e41aoa ~ Ju. 17. 1971. Publi~Md Fdlratv 1971. Qriclu&IY 
:~DIMCG as 0 :':-3. 6 7 T. Lui onw- ..sauoa o 2'73- 6i T. 

bearinp where they pass throuch the housing. These beu· 
inp sba11 be provided with seals to prevent soil from enterinl 
them. The torque rods shall be guided so as to prneDt 
friction irom deveiopin1 between the torque rods and the 
wails of c:asiDI or boring. 

Son r-IC~ HmU fOUtiOil CW'\'eS aze to be deU:smmed. it is 
~ dW tbe torqUe lOCIS be c::aiil:nud 11mor to use m lbe fiddl. The 
UDOQill of rod I'Mil Cal IDYl IDUSl be eablished iD cleplesJ'Cf fooc J1Cf 
uiUl t.orqt& ibis COI'l'eCUOD becomes ~ men= tml)CnUl as 
UlC dq:a of tbe tell mc:reaa aDd the caiibnmoo must be made at 1aa 
~0 tM IDUUDIIID ~ o( tc:SDDIIIliJ"P'W'" 

3.3 Torque shall be applied to tbe torque rods. thence to 
the vane. The accuracy of the torque read.inl should be such 
that it will produce a variation not to exceed :::t:15 lb/tr ( 1.20 
lc.Pal shear mengm. 

3.4 It is pm'erable to apply torque to the vane with a 
geared drive. In the absence of a geared drive. it is aa:eplable 
to apply the torque directly by band with a torque wrench or 
equivalent. The duration of the test should be c:onuolled by 
tbe requimnenu of 4.3. 

4. Proced~ 
4.1 In the case where a vane housing is used. advance the 
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TABla 1 Recorrwne. Gill Dime~ 110 .. Of Ft.td y.,_.., 
:,..,.._ 
n '""'" 

~· ~ Clf ......... """" 
o • ..-or v.,.. 

o:l(ld,ll'l.tmtnl ·M.Inwnt 

1ll 

9X 
'4X 
'"' 1101 IS mm1• 

,.,. ,31.n 
2 150.1) 
2.,., 163.!) 
3" lt2.U 

3 175.2) 
4 1101.8) 
5 1127.0\ 
:-•4 ltM.n 

•.•• 11.8) 
• · .• (1.8) 
... 13.2) 
., 13.2) 

'·t 112.71 
''2 (12.71 
''I 112.71 
• 2 112.71 

• Se1eC1101'1 or me ·- saze • onct1y ....._, ta 1711 r::cn.s--=v or 1711 tel DlnJ ....a. INt •· n ICIIW .. te1 IN *91' IN .,.,.. ~. 
' •·see o.meter. 

housrn1 to a depth which is at least rive vane hoUStng 
diameters less than the desired depth of the vane up. Where 
no vane hoUSJng 's used. stop the hole in which the vane is 

lowered at a depth such that the vane up may penetrate 
undisturbed soil for a depth of at least five times the diameter 
oithe hole. 

~.2 Advance the vane from the bottom ofthe hole or the 
vane housing in a single thrust to the de;th at which the test 
is to be conducted. Take precautions to make sure no torque 
is applied to the torque rods during the thrust. 

~.3 With the vane in position. apply the torque to the 
vane at a rate which should not exceed 0.1./s. This generally 
requires a ume to failure oi from 2 to 5 m1n. except m very 
son clavs where the time to failure mav be as much as 10 to 
! 5 m1~. fn surfer matena1s. wh1ch r~cn failure at small· 
defonnauons. it may be desirable to reduce the rate of 
angular displacement so that a reasonable determ1nauon of 
the stress-strain propemes can be obtained. During the 
rotation of the vane. hold it at a fixed elevauon. Record the 
max1mum torque. With apParatus with geared drives. it is 
desirable to record intermediate values of torque at interVals 
of l 5 s or at lesser frequency if conditions require. 

~.4 Followmg the determination ofthe max1mum torque. 
rotate the vane rapidly through a minimum of 10 revolu· 
tions: the determination of the remoulded strength should be 
staned immediately after completion of rapid rotation and in 
all cases wnhin 1 min after the remoulding process. 

~.5 In the case where soil is in contact with the torque 
rods. determme the frictiOn between the sod and the rod by 
means oi torque testS conducted on s1milar rods at sunilar 
depths wnh no vane attached. Conduct the rod fricuon test 
at least once on each site: this shall consist of a series of 
torque testS at varytng de;n.hs. 

~.6 In apparatus in which the torque rod is completely 
isolated from the soil. conduct a friction test with a blank rod 
'~ote .:!) at least once on each site to determine the 
magnnude of the friction of the bearings. Jn a properly 
functlomng vane apparatus. this friction should be negligible. 

"orE .=-in some cases at ts not necessary to remove the vane for the 
~·:icuon test . .-'.s long as the \·ane IS not 1n contxt wnh the SOil that as. 
.... here n :s rctncted tnto a casanc. the irictJon measurement ts not 
llfcaea. 

~ 7 Conduct undisturbed and remoulded vane testS at 
:nternis oi not less than.:!'.': ft (0.76 mJ throughout the soli 
protile when conditions w11l permn vane testing tNote 3). Do 
not conduct the vane test in any sod that wtll pemm 
Jrasnage or dilates dunng the test penod. such as sands or 
s11ts or m sosls where stones or shells are encountered bv the 
\ ane 1n sucn a manner as to mrluence tne resultS. · 

~OTE l-This IPKlDI may be vaned onty by the enpaecr 111 clwlc 
of the bonn1 prosram. 

S. CalcaJadoa 
5.1 Calculate the shear stn:ngth.Df the soil in the following 

manner. The turning moment reqwred to shear the soil is as 
follows: 

where: 
T • torque. lbf· ft (or N · m t. 
s • shear 5treD1tD of the clay. lbf/ftl (or kPal. and 
K • coDSUDL de1)ending on dimeDSJons and shape of the 

vane. ftl Cor m-"l. 
5.2 AssullllDI the distnbution of the shear strencth is 

umform across the ends of a cylinder and around th~ 
penmeter. calc:ulate the value of K as iollows: 
lndr-Powui Units: 

K•(,./1728) X l[)lH/2) X [I +(0/3/{)) 

.'.lnric L'niu: 
K- (,-/JC1) X f[)lH/2) X [I + D/3M) 

where: 
D • measured diameter of the vane. in. (or em). and 
H • measured height of vane. m. cor em). 
It is important that these dimenstons are checked periodi­
ca1ly to ensure the vane is not distoned or worn. 

jf6 

S.3 As the rauo of length to breadth of the vane is 2:1. the 
value of K may be simplified in terms of the diameter so that 
it becomes the foUowtng: 
Inch-Pound Units: 

.'.lnric Units: 
K • 0.00000366L>l 

S.4 Since the value of s is required. it is more useful to 
write the equauon as follows: 

s•Txlc 

where: 
k • l/Kand 
T. the torque. IS measured so that s can be calc:ulated. 

5.5 For the tapered vane oi Fig. 1. the following modified 
equation may be used for the vane constant: 
Inch-Pound Cnits: 

K • I 117:8 (dY + 0.37 r:D,- ci'll 

Jfnnc C:nits: 

where: 
d • rod diameter. in. 1 em t. For a •·:-in. (1.:.:' -em t rod this 

reduces to: 
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. ~en-forma Cnus: 

K • t).00000388DJ - •).00000076 

6. Repon 
,.I For eacn vane test record the follO'olr1ng observations: 
6.1.1 Date or the test. 
6.1.1 Boring number. 
6.1.3 Size and shape oi the vane 1 tapered or rectanguiarl. 
6.1.4 Depth oi the vane up. 
6.1.5 Depth of the vane tip below the housing or bonom 

0i the hole. 
6.1.6 Maximum torque reading. and intennediate read· 

1 ngs ti reqwred for the und.isturbed test. 
6.1. 7 Time to failure oi the test. 
6.1.8 Rate of remoulding. 

6.1.9 Mwmum torque re:tlllni ror the remoutdcl t~st • 
and 

6.1.1 0 ~otes On an~· deviations from Stanaard teSt proce• 
dure. 

6.2 In addition. record the folloWing obsen-auons for the 
boring: 

6.2.1 Boring number. 
6.2.~ locauon. 
6.2.3 log of the soil conditions. 
6.2.4 Reference elevation. 
6.2.5 Method oi making the hole. 
6.2.6 Descnption of the vane. that IS. housed or not. 
6.2.7 Description of the method oi applying and mea-

suring the torque. 
6.2.8 Notes on the driving resmance. 
6.2.9 Name of the drilling foreman. and 
6.2.10 Name of the supervising enpneer. 

T1le ..,_.., S.X:., tOI rutw19 MIJ ,.,_ IM8I ffO l:llliiiiDt WJ19 IN......, tJI, IIINIW,.. ass.NCf ft COWIICIJCift *""., nm "*IDOl...,.,,...,.,...,, usen 01,., Jt~t~aM~ ... ·~ ~,. ,.."***"' ot,. "MMOY ot., sucn 
.,_.,. fJf1ntS. 11tt1 menu tJt ilrflw..,..,.,.. ot sucn "9flfl. n __..., mw OWit ..... .o~~~,. 

This ..,.,..., • .t&.0eCr 10 ,_ • 1/'N ,_ tN IN ,., = I C I NCMICIIf C:OiilllftM .,., ,.. Clle ~ ....., ...... _. ltfWJ 
f 1'101 ,..,...,_ _,., ...... Oriel 01 W410_,. rQI COI'IONIWI .. .,.,..., _,.,, _ol,_ ...-rG 01 fOIICIODQW ...... 
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Note: SOP 48 cited within. 

STANDARD OPERATING PROCEDURE 

FIELD CLASSIFICATION OF SOIL 
SOP49 

This SOP presents the field classification of soils to be used by Exponent field staff, 
which has been adopted ASTM from D-2488-84 (see SOP 48, Attachment 48-2). ASTM 
D-2488-84 uses the Universal Soil Classification (USC) system for naming soils. Field 
personnel are encouraged to study these procedures. Soil descriptions should be precise 
and comprehensive without being verbose. The overall impression of the soil should not 
be distorted by excessive emphasis on minor constituents. In general, the similarities of 
consecutive soil samples should be emphasized and minor differences de-emphasized. 
These descriptions will be used to interpret aquifer properties and other potential 
contaminant transport properties, rather than the exact mineralogy or tectonic 
environment. 

Soil descriptions should be provided in the Soil Description column of the Field Borehole 
Log Form (Attachment 49-1) for each sample collected. If there is no difference between 
consecutive soil samples, subsequent descriptions can be noted as "same as above" or 
minor changes such as "increasing sand" or "becomes dark brown" can be added. 

The format of soil descriptions for each sample or identified stratigraphic layer/soil hori­
zon should be as follows: 

1. Group symbol-The group symbol should be placed in the Unified 
Symbol column 

2. USC group name-The USC name should be identical to the ASTM 
D-2488-84 Group Name with the appropriate modifiers 

3. Minor components 

4. Color 

5. Moisture 

6. Additional descriptions. 

Examples of soil descriptions are provided in Table 49-1. The minimum elements of the 
soil descriptions are discussed below. 
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TABLE 49-1. EXAMPLE OF SOIL SAMPLE DESCRIPTIONS 

SM 

SW-SM 

ML 

GW 

February 1995 

Silty fine to medium SAND, trace fine gravel and occasional roots, very 
dark gray, moist to wet 
Fine to coarse SAND with silt, some fine gravel, mottled dark gray and 
tan, moist. Sand consists of 20 percent biotite flakes, no bedding 
observed 
Sand SILT, fine sand, dark gray, moist. Fractures predominantly 
vertical, at 1-3-in. spacing. 
Fine to coarse GRAVEL with 1 0 percent medium to coarse sand, trace 
woody debris, gray, moist to wet. Reddist) brown staining noted within 
2 ft of water table. Gravel is rounded and flat. River deposits. 

49-2 
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DEFINITIONS OF SOIL TYPES 

Table 49-2 presents the USC system. The USC system is an engineering properties sys­
tem that uses grain size to c1assify soils. The first major distinction is between fine­
grained soils (more than 50 percent passing the No. 200 sieve [75 ,um/0.029 in.]) and 
coarse-grained soils (more than 50 percent retained by the No. 200 sieve). 

Fine-grained soils are classified as either silts or days. Field determinations of silts and 
clays are based on observations of dry strength, dilatancy, toughness, and plasticity. 
Field procedures for these tests are incJuded in ASTM D-2488-84. If these tests are used, 
the results should be included in the soil description. At least one complete round of field 
tests should be performed for a site if these fine-grained materials are encountered, pref­
erably at the beginning of the field investigation. The modifiers "fat" and "lean" are used 
by ASTM to describe soils of high and low plasticity. The soil group symbols (e.g., CL, 
MH) already indicate plasticity characteristics, and these modifiers are not necessary in 
the description. Soils with high plasticity can be emphasized by describing them as "silty 
CLAY with high plasticity." Plasticity is an important descriptor because it is often used 
to interpret whether an ML soil is acting as either a leaky or competent aquitard. For 
example, an ML soil can be dilatent/nonplastic and serve as a transport pathway, or it can 
be highly plastic and very impervious. 

Coarse-grained soils are classified as either predominantly gravel or sand, with the No. 4 
sieve (4.75 mm/0.19 in.) being the division. Modifiers are used to describe the relative 
amounts of fine-grained soil in a sample, as noted below: 

Description 

Gravel (sand) 

Gravel (sand) with silt (clay) 

Silt (clayey) with gravel (sand) 

Percent Fines 

<5 percent 

5-15 percent 

>15 percent 

Group Symbol 

GW, GP (SW, SP) 

Hyphenated names 

GM, GC (SM, SC) 

The gradation of a coarse-grained soil is included in the specific soil name (i.e., fine to 
medium SAND with silt). Estimating the percent of size ranges following the group 
name is encouraged for mixtures of silt sand and gravel. Use of the modifiers "poorly 
graded" or "well graded" is not necessary because they are indicated by the group 
symbol. 

A borderline symbol is shown with a slash (GM/SM). This symbol should be used when 
the soil cannot be distinctly placed in either soil group. A borderline symbol should also 
be used when describing interbedded soils of two or more soil group names when the 
thicknesses of the beds are approximately equal, such as "interbedded lenses and layers 
of fine sand and silt." The use of a borderline symbol should not be used 
indiscriminately. Every effort should be made to place the soil into a single group. 
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TABLE 49-2. SOIL CLASSIFICATION SYSTEM 

Group 
Major Divisions Symbol Group_ Name 

Coarse- Gravel Clean GW Well-graded gravel, fine to coarse gravel 
Grained 
Solis More than 50 percent of gravel GP Poorly graded gravel 

coarse fraction retained on Gravel with GM Silty gravel 
More than No.4 sieve fines GC Clayey gravel 
50 percent Sand Clean sw Well-graded sand, fine to coarse sand 
retained on More than 50 percent of sand SP Poorly graded sand 
No. 200 sieve coarse fraction passes Sand with SM Silty sand 

No.4 sieve fines sc CI<!Y~-sand 
Fine-Grained Silt and clay Inorganic ML Silt 
Soils CL Clay 

Liquid limit <50 Organic OL Organic silt, organic clay 
More than 50 Silt and Clay Inorganic MH Silt to high plasticity, elastic silt 
percent passes CH Clay of high plasticity, fat clay 
No. 200 sieve Liquid limit ~50 Organic OH Organic clay, organic silt 

Highly organic soils PT Peat 

Notes: Field classification is based on visual examination of soil in general accordance with ASTM D-2488-84. 

Soil classification using laboratory tests is based on ASTM D-2487-83. 

Descriptions of soil density or consistency are based on interpretation of blow count data, visual appearance of soils, 
and/or test data. 

Liquid limit-water content of soil-water where consistency changed from plastic to liquid. 
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MINOR COMPONENTS 

Minor components, such as cobbles, roots, and construction debris, should be preceded 
by the appropriate adjective reflecting relative percentages: trace (0-5 percent), few 
(5-10 percent), little (15-25 percent), and some (30-45 percent). The word "occasional" 
can be applied to random particles of a larger size than the general soil matrix {i.e., 
occasional cobbles, occasional brick fragments). The term "with" indicates definite 
characteristics regarding the percentage of secondary particle size in the soil name. It 
will not be used to describe minor components. If a nonsoil component exceeds 
50 percent of an interval, it should be stated in place of the group name. 

COLOR 

The basic color of a soil, such as brown, gray, or red, must be given. The color term can 
be modified by adjectives such as light, dark, or mottled. Especially note staining or mot­
tling. This information may be useful to establish water table fluctuations or contamina­
tion. The Munsell soil color chart designation is the Exponent color standard. All color 
designations must be accompanied by a description of the moisture content of the soil 
when the color designation was made. It is generally preferable to determine color on 
moist samples; water may be added to the soil to achieve this moisture content. 

MOISTURE CONTENT 

The degree of moisture present in the soil should be defined as dry, moist, or wet. Mois­
ture content can be estimated from the criteria listed in Table 3 of ASTM D-2488-84. 

ADDITIONAL DESCRIPTIONS 

Features such as discontinuities, inclusions, joints, fissures, slickensides, bedding, 
laminations, root holes, and major mineralogical components should be noted if they are 
observed. Anything unusual should be noted. Additional soil descriptions may be made 
at the discretion of the project manager or as the field conditions warrant. The Field 
.Borehole Log Form lists some optional descriptions, as does Table 13 of the ASTM 
standard. The reader is referred to the ASTM standard for procedures of these 
descriptions. 

CONTACTS BETWEEN SOIL TYPES 

The contact between two soil types must clearly be marked on the soil borehole log 
because it is very difficult to interpret borehole logs where soil sample descriptions 
change over a 5- or 10-ft sample interval if there is no indication of where this change 
occurred. If the contact is obvious and sharp, draw it in with a straight line. If it is 
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gradational, a slanted line over the interval is appropriate. In the case where it is unclear, 
a dashed line over the most likely interval is used. 
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Attachment 49-1 

Field Borehole Log Form 

.......... ________ __ 
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ATTACHMENT 49-3 

Soil Profile Form and Code 
Key for the Description and 
Identification of Soils using 
the USDA Soil Conservation 
Service Method Described in 
the USDA SCS Soil Survey 
Manual (430-v, Issue 1) 



Soilt~=------------------------------­
Cias.sification: -------------------------

Job; _____ _ 
Legal D~Tiption: T -- R- Sec. ---

Area/location:---------

Climate: · • 

Vegetution: ----------­

Parent Material:---------

Physiography:--------

Current Use:----------

Elevation:-----------

Slope:-----------

Aspect: N, NE, E, SE, S, SW, W, NW 

Relief: convex, concave, planar 

Salt/Alkali:--------

excessive, somewhat excessive, 
Drain e· well, moderately well, 

ag · · somewhat poorly, poorly, 
very poorly 

Date:------ Site No.:--------------

R cr. ponded, very slow, slow 
uno . edi .d, 'd m um, rapt very rapt 

M ist dry to-- moist to __ 
0 ure: sl. moist to-- wet to--

Groundwater:----------

Hydr. Cond.: low, moderate, high 

Erosion Type: sheet, rill, gully, wind 

Wtr. eros. class.: 0, 1, 2, 3, 4 

Wind eros. class.: 0, I, 2, 3, 4 

Surf. Rck Class.: 0, 1, 2, 3, 5, 6, 7 

%Coarse Frag.: --------­

%Clay:-----------­

% Coarser V.F.S.: --------­

Control section depth: -------

Tempcr.llurc: -----------

Additional Conuncnts: ---------------------------------------------------

Color Consistency % 

Mottle!i 
Clay % % ~tones & 

Horizon Depth Dry Moist lrexture Structure Dry Moist Wet Reaction ~oundary Roots Pores Films Gravel Cobbles Boulders 

0,1,2,3 1,2,3 lo,so lo,vfr so,ss eo,cvsl a,c,g,d 0,1,2,3 0,1,2,3 0,1,2,3 
f,m,c vf,f,m,C, VC sh,h fr,fi s.sv es~estr s,w,i,b vf,f vf,f,m,c n,mk,k 
f d p gr,pl,sbk,abk vh,eh vfi,eli po,ps ev m,c V,T,I 

pr,cl,m,sg p,pv 

0,1,2,3 1,2,3 lo,so lo,vfr so,ss eo,evsl a,c.g,d 0,1,2,3 0,1,2,3 0,1,2,3 
f,m,c vf,f,m,c,vc sh,h fr,fi s,sv ~estr s,w,~b vf,f vf,f,m,c n,mk,k 
f d p gr,pl,sbk,abk vh,eh vii, eli po,ps ev m,c V,T,I 

pr,cl,m,sg p,pv 

0,1,2,3 1,2,3 lo,so lo,vfr so,ss eo,evsl a,c,g,d 0,1,2,3 0,1.2,3 0,1.2,3 
f,m,c vf,f,m,c,vc sh,h fr,fi s,sv esl,estr s,w,i,b vf.f vf,f,m,c n,mk,k 
f d p gr,pl,sbk,abk vh,ch vfi,cli po,ps ev m,c V,T,I 

pr,cl,m,sg p,pv 

0,1,2,3 1,2.3 Jo,so lo,vfr so,ss eo,evsl a,c.g,d 0,1,2,3 0,1,2,3 0,1,2,3 
f,rn,c vf,f,m,c,vc sh,h fr,fi s.sv ~estr s,w,i,b vf,f vf,f,m,c n,mk,k 
r d p gr,pl,sbk,abk vh,eh vft,efi po,ps ev m,c V,T,I 

pr,cl,m,sg p,pv 

0,1,2,3 1,2.3 lo,so lo,vfr so,ss co,evsl a,c,g,d 0,1,2,3 0,1,2,3 0,1,2,3 
f,m,c vf,f,m,c,vc sh,h fr,fi s,sv esl,estr s,w,i,b vf,f vf,f,m,c n,mk,k 
f d p gr,pl,sbk,abk vh,eh vfi,eli po,ps ev m,c V,T,l 

pr,cl,m,sg p,pv 

0,1,2,3 1,2,3 lo,so lo,vfr so,ss co,cvsl a,c.g,d 0,1,2,3 0,1,2,3 0,1,2,3 
f,m,c vf,f,m,c,vc sh,h fr,fi s,sv esl,estr s,w,i,b vf,f vf,f,m,c n,mk,k 
r d p gr,pl,sbk,abk vh,ch vfi,efi po,ps ev m,c V,T,I 

- - -- -- - -------- ·- - -
pr,cl,m,sg - ----- ~.pv __ .__ ---· 



STANDARD OPERATING PROCEDURE 

MEASUREMENT OF FIELD PARAMETERS USING A 
FLOW-THROUGH CELL 

SOP 56 

This SOP details the procedures for using a flow-through cell for measuring pH, EMF, 
dissolved oxygen, conductivity, and temperature in the field. 

REQUIRED EQUIPMENT 

Flow-through cell 
Flow-through cell repair kit and extra gaskets of multiple sizes 
Tygon~ or similar plastic tubing 
Peristaltic pump (or other pump capable of pumping a constant, relatively low flow rate) 
Silicone tubing for the peristaltic pump discharge 
Hose barbs and hose clamps to connect the plastic tubing to the silicone tubing 
pH meter and electrode 
EMF (mV) meter and electrode 
Dissolved oxygen/temperature meter and electrode 
Extra dissolved oxygen probe membrane and filling solution 
Specific conductance/temperature meter and electrode 
Commercial pH buffers (4, 7, and 10) 
ZoBell's solution 
Conductivity standard 
Electrode filling solution (for an Ag/AgCl electrode) 
Platinum electrode polishing paper 
Kim wipes® 
Ch~rt with saturated-air dissolved oxygen concentrations at various te""inperatures for the 

elevation ofthe wells to be sampled 
Deionized water 
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CALIBRATION AND CARE OF METERS AND ELECTRODES 

pH 

EMF 

Inspect the pH electrode to ensure that it is filled with electrode filling solution. The pH 
meter should be calibrated using two pH buffers that bracket the expected pH of the sam­
ple. Follow the manufacturer's instructions for meter calibration. When not in use, the -
pH· electrode should be stored in electrode storage solution. If this is not available, pH 7 
buffer solution is acceptable. At no time should the electrode be allowed to dry out. 

Inspect the EMF (mV) probe to ensure that it is filled with electrode filling solution. 
Rinse the electrode with deionized water and blot dry. Immerse the electrode in ZoBell's 
solution, and wait for the meter to stabilize. The EMF should be between approximately 
200 and 250 mV. Record the EMF in the field logbook. Measure the temperature of the 
ZoBell's solution (the conductivity meter may be used to measure temperature), and rec­
ord the temperature in the field logbook. 

If the EMF reading is outside the specified range (200-250 mV), clean the electrode by 
the following procedure. Eject the filling solution from the electrode by pushing the epoxy 
case toward the top of the electrode; the filling solution will come out the bottom. Rinse 
the electrode at least twice by filling it and then ejecting the solution. Refill the electrode 
with filling solution. Rinse the outside of the electrode with deionized water, and measure 
the El\1F of the ZoBell's solution again. If the electrode response is still out of the speci­
fied range, carefully clean the platinum disk on the bottom of the electrode with a Kim­
wipe® or with polishing paper that is provided with the electrode. When the electrode is 
being transported and stored, the platinum disk should be protected to prevent scratching. 

Conductivity 

To calibrate the conductivity meter, rinse the probe with conducti'rity standard, then 
immerse the probe in the conductivity standard. Measure the temperature and the· con­
ductivity of the standard. Record these measurements in the field logbook, along with the 
expected conductivity of the standard. 

Dissolved Oxygen 

Inspect the dissolved oxygen probe for integrity. The membrane should be intact and 
unwrinkled and no air bubbles should be present beneath the membrane. If the membrane 
integrity has been compromised, replace the membrane following manufacturer's instruc-
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tions. When replacing the membrane, it is imperative that no air bubbles are trapped 
beneath the membrane. Different brands of dissolved oxygen meters are calibrated using 
different procedures. Refer to the manufacturer's instructions for the specific dissolved 
oxygen meter being used. Check the calibration by measuring dissolved oxygen in water­
saturated air and comparing the measured value against the saturated-air chart for the ele­
vation of the wells to be sampled. The dissolved oxygen probe should be stored in the 
calibration sleeve, which should always be kept moist. If the calibration sleeve is not 
available, the probe should be wrapped in a damp paper towel. At no time should the 
membrane be allowed to dry out. 

MEASUREMENT OF FIELD PARAMETERS 

1. The well from which sa..rnples are taken should be purged (three casing 
volumes) before measuring field parameters. 

2. Calibrate the meters at each well (the dissolved oxygen probe usually 
only needs to be calibrated once per day), as described above. 

3. Insert the probes into the flow-through cell. The gaskets should fit 
tightly around the probes, and any flow-through cell openings that do 
not contain a probe should be sealed with a plastic disc. The inflow of 
the flow-through cell (the flow goes from bottom to top) should be 
directed so that it passes directly over the dissolved oxygen probe. If 
the inflow is not directed properly, a piece ofTygone tubing and a wire 
(a paper clip will work) can be used to direct the flow. Insert the wire 
into the tubing, and insert the tubing into the inflow opening at the 
bottom of the flow-through cell. Bend the wire to direct the flow. 

4. Connect the outflow from the pump to the bottom of the flow-through 
cell. Pump water into the flow-through cell until the flow begins exit­
ing through the top. Loosen the fittings around the probes, and bleed 
all air bubbles out of the flow-through cell. 

5. Record the pH, EMF, dissolved oxygen, conductivity, and temperature 
in the field logbook about every 5 minutes until the readings-stabilize. 
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STANDARD OPERATING PROCEDURE 

__ {RON SPECIATION IN GROUNDWATER 
-.!~- SOP 61 

FIELD SAMPLING AND ANALYSIS 

1. Collect the groundwater sample using a peristaltic pump, passing the 
flow through an inline, 0.45-pn;t filter and depositing the sample 
directly into a 300-mL glass beaker. 

2. Allow the beaker to overflow twice its volume to avoid oxygenation of 
the sample. 

3. Collect the sample from the bottom of the beaker directly into a 
HACH Accuvac® vial for both Fe+2 and total iron analyses. 

4. Zero the HACH DRl 00® spectrophotometer using groundwater col­
lected from the glass beaker. 

5. Calibrate the HACH DRIOO® spectrophotometer by preparing and 
analyzing standards at 1, 3, and 5 mg/L Fe+2

, in accordance with the 
manufacturer's operating instructions. 

6. Analyze the sample for Fe+2 and total iron, and record the measure­
ments in the field notebook. 

QUALITY ASSURANCE AND QUALITY CONTROL 

Quality assurance and quality control samples will consist of duplicates and blanks, both 
collected at a frequency of 1 for every 20 samples. 
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Standard Operating Procedure 

Measurement of Turbidity Using a Portable Turbidity Meter 
SOP-424 

The HF Scientific Turbidity meter model DRT -15CE is a portable unit that is approved· 
by the U.S. Environmental Protection Agency for measuring the turbidity of potable .·. 
water, waste water, and some other liquicfs. The HF meter provides a linear display of 
turbidity throughout all ranges, reporting results in nephelometric turbidity units (NTUs). 

Operating Procedure 

The procedure for measuring turbidity is as follows: 

I. Clean both the Reference Standard cuvette and the sample cuvette with 
a lint-free wipe, such as a Kirnwipe®. 

2. Tum the turbidity meter switch to the "1 0" range, and place the 
Reference Standard into the optical well. 

3. Tum the Reference Standard in the optical well until the reference ring 
notch matches the white locator pin. If the reference ring is not on the 
Reference Standard, turn the reference standard a full 360° and find 
the area with the lowest reading. Place the reference ring over the lid 
of the Reference Standard so that the notch will match with the locator 
pm. 

4. Using the "Reference Adjust" arrows on the meter, adjust the display 
until it reads 0.02 NTU. The instrument is now calibrated and ready 
for use. 

5. To measure turbidity in a sample, fill the sample cuvette with sample 
to within Y2 inch of the top. Screw the cap on the cuvette and carefully 
clean the outside of the cell with a lint-free wipe. Place the cuvette 
into the optical cell. 

6. Select the appropriate range for the sample (i.e., if the sample is 
mostly clear, take the measurement at the 0-10 NTU range setting) 
and take the reading from the display. If the sample is more turbid 
than the instrument setting, an up arrow will appear in the display, 
indicating that the operator should change the range to the next higher 
NTU range setting (i.e., I 0-100 NTU). 
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7. Between samples, the sample cuvette should be rinsed out with 
deionized water. However, if the sample contains solutes that 
obviously do not wash out of the cuvette, follow Exponent SOP-3A to 
decontaminate the cuvette. It is imperative that the operator is careful 
not to scratch or chip the cuvettes. 
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