Appendix A-1

Field Collection Protocols for Mineral Soils



In the field, the final location of the sample site is based on the information obtained from office
preparation and on the field conditions encountered by the sampling crew. The objective is to get
within 500 m of the pre-selected site and for the final site to have the same soil landscape
characteristics as the 1 km? target area. For example, a target site was identified in the office as
being in an upland area associated with podzolic soils. Once in the field, however, its actual
location was determined to be in a low-lying area with gleysol soils but surrounded by upland
areas with podzolic soils. In this case, the site would be moved to a point within 500 m of the

original site in one of the surrounding upland areas.

Other factors that affect final site selection include the avoidance of sample sites as follows:

1) Closer than 200 meters from major highways;
2) Closer than 100 meters from rural roads;
3) Closer than 100 meters from buildings;

4) Closer than 50 meters from end rows in agricultural fields or in areas where large quantities
of fertilizer have been deposited; and

5) Closer than 5 km downwind from an active major industrial activity, such as a power plant
or smelter.
All sampling equipment that comes into contact with the geochemical samples must be either
polyethylene or simple steel in composition. Some steel implements, e.g., shovels, are coated
with various types of paint which may peel off and get into the sample. Use of these is
unacceptable unless all paint has been removed prior to sampling. An exception to this rule is the
use of stainless steel equipment for the collection of samples for analysis of organic compounds.

Particular care must be taken to ensure that all devices used to collect samples for chemical
analysis are cleaned prior to every use to avoid cross contamination. Once the pieces of
equipment have been cleaned, they must be protected from possible contamination by placing
them in plastic bags.

At an ideal mineral soil site the following will be collected: a sample, referred to as the “public

health” layer (PH), collected from the top of the H horizon to 5 cm below the top; an A-horizon



sample; a B-horizon sample; a C-horizon sample; and separate samples from each of the above
horizons and the PH layer for later determinations of bulk density and moisture content.

Field Equipment Checklist

General

GPS unit set to decimal degrees and NAD83/WGS84 Datum
Maps

Clipboard

Field cards

Digital camera

Tape measure (metric) and 15 cm ruler

Munsell soil colour chart

Permanent black markers

Dry eraser board for sample labels for photos

Compass (with inclinometer)

Core box to lay out soil samples for photos and identification
Squeeze or medicine bottle with 10% HCL

Misting bottle

Plastic tarpaulin or sheet

Extra batteries for GPS and camera

Collection Tools

Steel heavy weight shovel (round point fire fighter)

Shovel (Montana sharpshooter)

Soil dutch auger, with one extension

Polyethylene garden trowel

Margin mason trowel (5” x 2”)

Pointing mason trowel (77 x 3”)

Folding pruning saw (7” blade) for cutting roots and into the A-horizon
Mallet and wood block

Acrylic/lexan coring tube and extruding foam plug/saran wrap
Cleaning brushes and cloths

Equipment for Sample Storage

Large Kraft paper bags (12" x 6” x 27)

Plastic sleeves to protect samples during transport

Plastic pails (5 gallon) with lids for sample shipping

Centrifuge tubes (50 ml)

Metal tins for collection of samples for bulk density/moisture content analysis
Electrical tape for sealing plastic bags and metal tins

Plastic garbage bags to be used for lining 5 gallon plastic pails



At the Site — Step by Step Procedures for Soil Sampling

Preparations for sampling
1) Proceed to the pre-selected site noting vegetation cover, types of exposed bedrock and

surficial deposits, and possible sources of contamination in the vicinity of the site. Ideally the
collection of samples will take place at the designated site. However, if the site is unsuitable,
e.g., backyard of home or grounds of a smelter, select an alternate site within 500 m of the pre-

selected site following the guidelines outlined above.

2) Ensure that all tools used for sampling have been properly cleaned to avoid contaminating the

samples.

3) At a potential site, core samples are collected with an auger to obtain information on the soil
profile. To do this, bore into the ground to the depth of the top of the auger bit (about 25 cm).
Remove the bit from the hole with the soil core in place and place this core segment into a core
box. Re-insert the auger into the hole, bore down another 25 cm and remove the auger from the
hole. Discard the top few centimetres of soil from the core and place the second segment in the
core box in line with the previous core. Repeat this process, each time noting the auger depth just
before removing it from the hole. This is accomplished by (1) placing a finger on the auger shaft
level with the ground surface and (2) lining up the shaft with the top of the core box which
corresponds to the ground surface. Next, carefully remove the soil from the auger bit. The goal is
to examine the uppermost 75 to 100 cm of the soil profile in order to establish the soil type.
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4) Take a photograph of the complete core and then squeeze a stream of 10% HCL along the
length of the core to test for effervescence.

5) Once the soil type at the site is identified as being either a primary or secondary soil according

to the Soil Landscapes of Canada (SLC) guidelines, begin digging the soil pit for sampling.

Digging the soil pit for sampling
6) A suitable sample pit is a rectangular hole, at least 60 cm wide and 70 cm long, that is free of

roots and loose material. The depth of the pit depends on the distance to
the top of the C-horizon layer, but should be at least be 60 cm. Where
possible, align the long axis of the pit such that one face will be exposed
to the direction of maximum light to enhance photography. One side of
the long axis of the pit will be used for the collection of A-horizon and
B-horizon samples, including those collected for bulk density. Avoid any
disturbance or compaction of the area around the face used for sampling.

Do not walk on it. Pile the spoil material well away from the pit to

prevent it from being knocked back into the hole. Ensure that the pit

Step 6. Digging the
sample pit.



faces are clean and the soil profile is easily observed. Trim the roots flush with the surfaces of
the pit faces.

7. A good technique to expose the soil profile on the selected face is to gently flick small
portions of the soil away from the pit face using a trowel (scraping tends to smear the horizons).
Clean all loose materials from the pit. Take a photograph of the pit showing the exposed soil

profile.

Collecting C-horizon samples
8) Collect a sample of C-horizon for bulk density and moisture content determinations from the

bottom of the sample pit. To do this, push and/or tap the corer with a mallet and wooden block
down from the bottom of the pit. Remove the corer, supporting its underside by a trowel if
necessary. Trim the soil flush with the end of the core cylinder. If the top of the sample is not at

right angles to the cylinder take at least two measurements of length and average the two.

9) The second sample collected from the C-horizon is for inorganic chemical element analysis. If
possible, this sample is collected from a depth greater than 75 cm by boring into the bottom of
the pit using a dutch auger. After each bore into the same hole, discard the top few centimetres of
material from the augur bit before putting the remainder into sample bags. Two pre-labelled
Kraft paper bags are filled about % full. Fill to just below the set of four holes at the top of the
bag (approximately (3-4 litres).

Collecting samples from the “public health”” (PH) layer
10) Bulk density samples from the 0-5 cm depth interval or public health (PH) layer, and

samples for inorganic analyses from the A- and B-horizons are collected from the undisturbed
side of the pit. This is accomplished by systematically exposing layers and collecting samples

from a cut made into the undisturbed wall of the pit.

11) The next part of the sampling procedure involves collection of samples from the 0-5 cm (PH)
interval. Regardless of the mixture of horizons or soil materials, a composite of all soil materials

present (mineral and/or organic) are collected between 0 and 5 cm, with 0 cm referring to the



upper soil surface. The upper soil surface is considered to be the top boundary of the first soil
layer that can support plant/root growth. This equates to: (a) for bare mineral soils: the air/earth
interface; (b) for vegetated mineral soils: the upper boundary of the first layer that supports root
growth - the top of the H-horizon if it is present; and (c) for organic soils (not covered in this
manual): the upper boundary of the first layer that supports root growth, excluding freshly fallen
plant litter, but including litter that has compacted and begun to decompose. These samples may
be in part duplicative of other samples such as the O or A horizons, but are valuable for

providing information on that portion of the soil to which humans are most often exposed.

Collect the PH sample for bulk density analysis. At the undisturbed edge of the sample pit clear
away the L- and F-horizon materials to expose the H-horizon material or upper mineral soil
(usually the A-horizon). At a depth of 5 cm below the exposed surface (the 0 cm level), slide a
flat trowel into the pit face. Push the coring device down until it meets the surface of the trowel.
Lift out the core keeping the trowel on its underside for support. The sample should fill the

coring device to a depth of 5 cm and be flush with the base of the coring device.

11A) Using foam plugs wrapped in Saran, extrude the material into a metal container labelled
with the sample number and volume of sample (length of core tube x diameter). Use electrical
tape to seal any gaps between the lid and the container. Insert the metal container into a Ziploc

bag and seal.

12) Collect a PH sample for analysis of inorganic components. Use the pruning saw to cut out a
block of soil materials adjacent to the core hole remaining from the bulk density sample. A block
of about 25 x 25 x 5 cm is needed to fill two previously labelled Kraft paper bags. Slice the block

down the middle and use a trowel to lift each section into the Kraft bag.

Collecting samples from the A-horizon
13) Collect a bulk density sample of the A-horizon from an undisturbed side of the pit. One

potential spot to collect this sample is located adjacent to the gap in the surface where the PH
sample was removed for inorganic analysis. Clear an area to expose the top of the A horizon.



Insert a flat trowel into A-horizon layer (above the Ae horizon, if present) and push the corer
down from the surface to the trowel. Remove the coring device and continue as in Step 11A.

14) Collect a sample of A-horizon material for inorganic element analysis. Label two Kraft paper
bags. Collect 3-4 litres of A-horizon material (excluding Ae material) near the area from which
the A-horizon bulk density sample was collected. (Note: The coring device must be made of
plastic.) After sufficient material is collected, continue clearing the cut downwards on the side of

the pit until the top of the B-horizon is exposed.

Collecting B-horizon samples
15) Collect a sample for bulk density analysis from the B-horizon layer. Push and/or tap the

corer with a mallet and wooden block down from the B-horizon surface until the bottom of the
B-horizon is reached or as far as it is possible to go without compressing the sample. Remove the
corer, supporting its underside by a trowel if necessary. Trim the soil flush with the end of the
core cylinder. If the top of the sample is not at right angles to the cylinder take at least two

measurements of length and average the two. Proceed as in Step 11A.

16) Collect a B-horizon sample for inorganic element analysis. Prior to sampling, label two Kraft
paper bags. Collect approximately 3-4 litres of B-horizon material from the area near where the
B-horizon bulk density sample was collected. Collect from the upper zone of enrichment
(illuviated zone) on the pit face.

Completing the site
17) Complete the documentation of field observations on the field sheet. Take a series of

photographs, at least one from each of the four points of the compass.
18) Begin filling in the pit. When the fill material is about 10 cm below the surface drop a sealed
Ziploc bag containing a horseshoe and a Tyvex tag with the site ID into the hole. Continue filling

in the pit.

19) Flag the site and note the end time. Go to the next site or finish for the day.



Appendix A-2

Field Card for Collecting Mineral Soils



£4o | afeg
PUED) PRI 105 [RISUIRN
a FE=Thil)
~sajepdioaig O 19\, ‘Mopeapy
a ‘soefiig ‘seuodeng O aoeyung pajejabasun
0O Qs Mo7 - QIal uaxosg
O qruys Mo
0 Aeuauspag O qriys winipap
O qriys ybi
O audyy
O sydiowelay BIpUn|
m| puejgnIys
o - PUEMIEL
O (ansenouid) ‘snosub) O 158404 PEXIY
O sy
—— O (snmnupxs) ‘snosub) O PUBISSEID
m] mmm._mw_m.o O uoissaidag = O 188404 Snonpoeg m HUBION
0 PECH O aaL O 158104 SNOJBJUOD [BIEUIN PRIEIUSIBLIDUN
] Bunyy edojs JamoT o fasELaR). SRoeud| O sdoug [einynopby O (revreso) L
u] BuiBbio ] a alppI . | syoideg
m| Ansnpu o adojg saddn sk yooIpeg | [ENpisaY
0O Buisnop— O 15800 Hﬂaﬂgﬂg m aulEy
m] Buues adojg uo uonisod 8)is ejdwes e auLysNoIET
O o B . Bl o e igass o BUUBWOREID
O ageqoid O g 09+ o 2 Tag ' A i i ] dFauan Bl SUISTOIE|ODE|S)
| 8|qissog 5ot IS SR O Bunemnpun O
= ] 0gg o LE [m] I%g - 1ob Auoys A@lesepop [BIANJOE]S)
0O suoN O itk ] a0BLaL O BRI
¥ 0E 01 g1 [m] (%o 1oad Auogs Apubins die o L
S 0 g 51 21 0} o 5L000] AUGISUON o 1S ueyo3
UOHEUIWEUCD 0 z 601 ¢ o pabpiy O [BLAN|OD)
O L g0 O Buniod O suabodosguy
— o SSAUIUOIS m _vﬁﬂ
aue.p fpood La, " uonisodaq Jo apo)
O Lo A O {208<) A¥oou Aj@aIssaoxg O paufzu| .u. ai P E.
] paureIp Apood usipeIs) ado|g ‘ y
(m] paueip Apzepadw) ! m {20a-08) A430U h_w:_vawmxm m }u_antm_“u
BUIEID [|8M A|BJEIBPO) (50552} ANOOU Asdpy
m < i uur_ru“wﬂ = xapdwon a (%sz-01) Ayoou A@esapop m] paoessi m __om.m,ﬁu
o pauesp Apidey ] adwng O (5012 Ao Apuybng (m] 1ayue|g O pos auebig
= gD ARcli) ian adA| adojg | (2] Aypoauoy LULIOS 80BUNS |BIBUIN O e ki
abeuteig sdo[g SEBUNI0Y UoISSaidXg 89elng [8907
_ _ _Uo_ _ _ m ;H._M_u__.nm “ e <[00 0O - uozuoy-9 By
siajdweg jo awep -dwa] gy O uey| ||wo wa ) O fungi-0) 14N
0 1SEBIBAD 0 0 wezwoyg| | O B
O Apnog Ajued ¥ H Ul oo kapmstamng )
EEEEN EEFNEN DRDDEE 0 sesgifuuns| fle——w—— TR gy | B e
: . 1 uoy - g
auwny ajeq Jajeapn - - «0 0O i m] uozuoy -y
woeg 3 __ I u_?_ [m] sisAjeue fio oy
ectonnn Hhom il b conia FRE A SRS O il O sisAeus Biou i
g 0 Pl 1sAp i 1o
wl [ | JL T T [T I T 111 1] H HE EER i fensel o
uoneaa|3 £8aVN @2pnjbuo E€2AVN 2pniieT S1N pajoa)jon sajdwesg
i s u] s 14N
Ll L L L[ DL LT [ [ 1 [ fef oAl Jonf| | J{ | [ [] 1 [JLT11T]]][o ois SO
[aqeT] YiomiaN |4N alg pajdwesay je1gday alsus ainusd ajdwes ajig

ejeq pial4 buldwes |10S [eiaully [BUOHEN-1IL

10



¢ jo 7 ebeg S00Z WHEL AR PasAIY
PEEZ) PISL 105 [EISUI
dnoin-gng dnois) jeain 18pI0
¢ voes) UOPEDYISSELD 10S
11 -m ." .“.II. | -~ R e S I T e L L - v

iSOLOHd 31Is

:SJUBWIWOYD) T E
(] UMOUNU " UMOUNUT o 1

wa safe| sjgesunadw o) idaqg| (w2 ajgepalem o} yideg 1». HHEE FHF

O MO [ umouUn 0 LMoL - I T

O aiqeaidde joN L @|geoydde JoN | ajqeaddy jony ] H

wa _ #20ipeq oy ydag|  (wa pdap mew xew pajewnsd|  |(lwe mEY) jo yidag R

wieibeiq ajoad 10

] [ oL
N [
N 8
| ]
B 9
] 5
BN v
] £
] z
| ._mdmm Eo,oumumqu mwn Mo | dn W |xwns| ew a |#

sa[oN
g

u3 ainyxajl
48 0l

nojo)

;

uondiiosag UOZLIOH [10S

11



£ 10 ¢ sfiey HOOZ 6ZL A=A
PUED) PREIS 105 [ESSUR

Ajowaupg :3
ffuong :g
ANESAL TAA
SNOBIEI[EIUCH N

85Us3SIAISHT

puEg Bsieo] Ay, ‘puEg BssE0] “puBg
whipsyy ‘PUES B4 puBg aul Aisp, puesg
pueg fweo ‘weo ApuEs ‘WwWeo

weo &y s “weo s Cpues S s
weo) fe3 Apueg feg Apueg ferg
ainjxaj pjaid

iy Aaagy, SINA

i

apgeld 4

ajqeLy A A

aso0]
Aousysisuoo isiop

#5JEDD 1D
wnipagy N
aul4 4
auly fan 4N
SSE[D)
sy iy
aylield 'd
ayi¥ooig g
SSARINIINAS IS
adh]
Buons g
SlEIApON (N
eI ‘M
apeigy
ainyanis

(43

ol

ey A‘T.S.GM

adnjxa ]

ol

(2] R4S

| m

SajoiN
]

E| a
.w..

uondiosaq UoOzZLIOH 10} S3po)

15 985
feiny anjg
15 85
15 9%
usan BAlQ usalg) Amg|ierg usai fergy ysiwessg IS AS
LMoUg MOf|as, feroy mojas cw_””._um._.v—m} SAST
- fein
LIMOIE YSIMO(|E), 1S HADL
| — umoug AEiD euEy umoug
usnoug 15 HAS'L
I
(3 270} 55, Ul BN[EA PAIELIST uMEIE USIPRSY w@u umaug|  AEID ysiumaig 16 HAS
(42) suawbeig asieon | oy s
|
pay AEID) fein) pay felg) ysippay 15 Hol
SYIED U| 1D %
suozuoy Jo doy uo pelew (N peH pe feig otk
noybnoayy -1 8 9/ ¥ &l z i
uonjeaoT] 5 pus
BwioIyD eny Jnoje)
G= OL= 00k= UEpUNqy Iy (¥661 ‘'uapog oy
SIN0|CD SAdIIISED UM SINC|0D [|SUNY JO UONE|S.I0T) *| BjqeL
Sl 0L-L 00L-01 Injuald 1
1 3 0] fed 4 uaxoig g (wogy<) asnyid i
Twg<] Twg-zJ (wwzs) —_fpuenp : s T
8sie0]) ;7 | wnipapy iy | euid 14 m.N;_Wf_. Jeinbay :| (umgi-g} jenpeig) 19
100y 9 ANEAN TAA (w2 5-7) JesyD 19
ioows 1 (wog=) gy iy
T=OTeT T e
waulwold 1g | (Si<) asiE0D 1D (nz<h Auew |y uuog ssaujpugsiq
ounsig 1 | (Si-s) wnipeyy gy |(02-2) uowwad 19 Alepunog UozZLoH
ured 14 (=) aud 14 (wnuzs) mod 4
1SEIUOY) (ww) azrg BIUEPUNY lea‘za %Mﬁ_hnﬂ_um_ﬁ:ﬂ
(2 '8 'v ‘0] suozuoy Jejseyy el
S8Mon S fynunuoosip [eaiBojoyy :g
SUOZIIOH
A Bt L weong ey |5 D 45 q.H__ - 4 S
aNee3 2 s Vv L | dn W xXiyng | EN a

14

12



Appendix B-1

Notes on Field Procedures for Soil Gas Radon and Gamma Ray Spectrometry
Measurements
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Field Equipment Checklist for Soil Gas Radon and Gamma Ray
Spectrometry

Prior to commencing field measurements ensure that all equipment listed below is available and
in good working order.

Basic equipment checklist:

30 - Hollow steel probes

5 - Punch Wires

2 - Simple Retractors

1 - Special Retractor

4 - Drive Heads

Short Lost Tips (used for soil gas radon only sampling)

Long Lost Tips (used for direct permeability measurements with Radon-JOK)

Specialized equipment for sampling and measuring soil gas radon:

10 - 150 ml Syringes

Rubber tubing (2 sizes) and tubing adapters
1 - Nylon hammer

1 - ERM-3 Soil Radon Meter

25 - IK-250 ml lonization Chambers

1 - Modified foot pump

1 - Manual

RADON-JOK Soil permeability equipment:

For logistical reasons this unit may not be used for standard Tri-National Soil survey sites but
will be used for detailed urban fill-in studies.

1 - JOK Permeability Apparatus plus 1 special backpack for carrying apparatus

3 - Tripod legs

1 - Long Rubber tube

2 - Weights

2 - Spacer rings

2 - Distance screw heads

1 - Plum bob

1 - Manual and Nomogram Graph

RS-230 Gamma Ray Spectrometer:

1 - RS-230 gamma ray spectrometer

1 - data download cable (USB)

1 - charger and cable

2 - battery compartments (4 AA batteries)
4 - rechargeable AA batteries

1 - manual
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GR-320 Gamma Ray Spectrometer:

May be supplied as backup for RS-230, can be used as primary field spectrometer.
1 - GR-320 Spectrometer console
1 - GPX-21 Detector
1 - Scintillometer
1 - Cs*¥' check source
2 - detector cables
1 - download (RS232) cable
1 - charger and cable
1 - GR-320 manual
1 - Explore software manual
1 - Pad Calibration printout

Laptop Computer:

1 - laptop computer with appropriate field data templates and spectrometer data
downloading software (preferably with serial port for GR320 data downloading — if
required)

1 - Backup and Recovery disk with manual

1 - Power cable and charger

1 - USB mouse

1 - Shoulder strap and carrying case

1 - USB memory stick

Extra Field Equipment and other useful tools/supplies to have:

1 - Geological Backpack for GR320 Spectrometer or to carry other equipment
1-7’x10’ Orange Tarp

1 - Clipboard

1 - Field Vest

1 - Measuring Tape

2 - Forceps — for tubing

1 - Camera Tripod for spectrometer

1 - Multi-tool or pliers (to pull out punch wires)

Olfa Knife

Flagging tape (to tie around tops of probes and other small items)
Work gloves

AA batteries

Distilled water — for IC cleaning (purchase locally at any Drug store)

Night before the first site visit or between sites visited on the same day
The night before, if possible, verify that the background Rn concentrations for the ionization

chambers (ICs) to be used the next day are at or below acceptable levels (approximately 0.7

kBg/m3). If the background concentration is significantly greater than 0.7 kBg/m3, the IC should
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be cleaned using a paper towel lightly dampened with distilled water. After cleaning allow IC to
thoroughly dry then carefully reassemble the IC and repeat the measurement. Repeat these steps
until background concentrations for those IC’s to be used are acceptable. If the Rn concentration
is close to an acceptable value, you may choose to repeat the measurement the following

morning.

Note 1: Opening ICs immediately after taking a measurement at the sample site reduces the
radon concentration and production of new radon progeny. If the same IC has to be used again
the same day attempt to clean as described above, measure and record the background Rn

concentration. Subtract this background value from the regular measurement.

Note 2: For proper IC maintenance, every 2 to 3 weeks check the integrity of the IC vacuum seal
by evacuating all ICs and allowing them to sit for 8 to 12 hours. Afterwards, determine how
easily a syringe full (150 cm) of air is pulled into the IC.

Before leaving the field vehicle at the sampling site
Prior to visiting the sample site, evacuate the ICs to be used either with the modified foot pump,

usually 8 to 10 pulls, or with another suitable vacuum pump. The pump can then be left in the
field vehicle. After the first 2 or 3 pulls and after the last pull, check the tightness of the large

ring at top of the IC because it commonly becomes loose during evacuation.

If a GR320 gamma ray spectrometer is being used, it is necessary to conduct a system test on the

137 check source is used for the test.

instrument prior to visiting the sample site. The supplied Cs
Record the GR320 serial numbers (console and detector) and the test results on a field data sheet.

Leave the check source in the truck. Do not lose it. Turn off the GR320 to save battery power.

If a RS230 gamma ray spectrometer is being used, turn on the unit and allow it to stabilize before
taking the first measurement. This ensures an accurate assay analysis. The RS230 will allow an
assay even if the instrument is not stabilized, but the assay results may be incorrect. In very low

count rate environments, stabilization may take several minutes.
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Make sure that you have all the required field equipment before leaving the truck.

At a standard NASGLP site
Take out the field data sheet to record measurements. An example of the sheet is shown in

Appendix B-2. Follow the step-by-step procedures listed below.

Step 1: Taking scintillometer measurements

While the soil team is searching for a suitable location for the sampling pit, survey a 10 x 10 m
area in the vicinity of the pit to check for variations in total radioactivity. If the GR320
spectrometer is being used, use the total count scintillometer. If not, use the RS230 in
‘SURVEY’ mode. Record the range of values and estimated mean value on the field data sheet.
Avoid measurements near any source of anomalous radioactivity, most commonly radioactive

boulders.

Step 2: Hammering down the probes and setting up the spectrometer

Once a site for sampling is selected, it is necessary to hammer 5 steel probes fitted with lost tips
into the ground. It is important to note that the target depth for each probe is 60 cm. If resistance
is felt while hammering in the probes, do not force them. There may be a boulder in the soil.
Extract the probe and try another location nearby. The hollow probes bend easily but they can be
straightened out with a hammer or vice. Bring a large number of extra lost tips because
relocations of probes may be required. Use punch wire to hammer down all lost tips. If short tips
are being used, hammer them only to a depth where the punch wire can be easily grasped and

removed. Use pliers if required.

It is helpful to tie a short length of flagging tape around the top of each probe. This makes it easy
to find the probes, especially in wooded areas with dense underbrush. Select probe locations that
are distributed around, but not near or adjacent to, the soil pit. Avoid obviously wet or even
damp ground. After the first probe is hammered in, set up the spectrometer using the camera
tripod over or near the probe and start the first measurement. During the 5 minute count time for
the first measurement, the remaining probes can be inserted. However, the crew member may

wish to test the availability of soil gas at the first probe by attaching the 150 ml syringe and
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extracting the first 150 ml of soil gas. This should only be done on a probe inserted with a short

“lost tip” and where only a radon sample will be collected.

If water is encountered at the 60 cm target depth, or no soil gas is available, as might be the case
in very clay-rich soils, then the probe may be raised 5 or 10 cm and this test repeated. The
remaining probes may then be inserted to this shallower depth. Record all depths and relevant

comments on the field sheets.

If the permeability apparatus is not being used:

Short tips are needed. Attempt to carefully hammer down all lost tips to equal depths to ensure

near constant volume at the bottom of each probe.

If the permeability apparatus is being used:

Long tips are required for those probes attached to the apparatus. Standard NASGLP protocols
recommend direct permeability measurements on 2 of the 5 probes. These 2 probes, usually the

first 2 must be inserted using the long lost tips.

Step 3: Taking spectrometer and permeability measurements

Taking 6 — 300 second spectrometer measurements is recommended, 1 at each of the 5 probes
and the sixth in the sample pit. The pit measurement is made after the soil sampling is completed
but before the hole is filled in. Every effort should be made to acquire this 6th soil pit
measurement. If there is further time, additional spectrometer measurements can be taken either

on the soil pile or at other undisturbed surface sites.
The following is a list of the necessary steps:
a) Start the first spectrometer measurement with the spectrometer attached to the camera tripod

and suspended approximately 50 cm above the ground.

b) If required, set up the permeability apparatus. If the permeability apparatus is not being used,

hammer in the remaining 4 soil gas probes using the short “lost tips” and hammer down the lost
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tips. Also, refer to Step 4, below, for details on how to estimate permeability when the apparatus
IS not being used.

c) Record the first spectrometer measurement. Move and start the second spectrometer

measurement.

d) If required, conduct the first permeability measurement. If the measurement is zero or near-
zero (i.e. little or no movement on the weights after approximately 5 minutes), record it on the
field data sheet as “minimum permeability”. Stop and reconnect the long rubber hose to the
second permeability probe. It is useful to separate the 2 permeability probes, inserted using long
lost tips, by a distance of slightly less than two times the length of the long rubber hose. If this
recommendation is followed, only one apparatus setup is required at a middle distance between
the 2 probes. Be careful not to kink the hose or the apparatus will not function properly.

e) Record the second spectrometer measurement. Move and start the third measurement.

f) If required, conduct and record a second permeability measurement.

g) Record the third spectrometer measurement. Move and start the fourth measurement

h) Record the fourth spectrometer measurement. Move and start the fifth measurement

Step 4: Soil gas radon sampling

Remember that soil gas radon measurements are time-sensitive. Hence, as noted above, it is
recommended that all surface spectrometer and direct permeability measurements be completed

before the soil gas radon sampling is started.

In some field situations, it is not possible or practical to take soil permeability measurements
using the apparatus because of field safety or logistical reasons, such as inaccessibility or rough
terrain. When this is the case, estimates of soil permeability are made as follows: when collecting

the soil gas sample with the syringe, evaluate the relative resistance encountered on the syringe
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pull and record the result on the field data sheet. For little or no resistance or an easy pull, record
high permeability; for moderate resistance, record medium permeability; for high resistance or a

hard pull, record low permeability.

Taking 5 soil gas radon measurements is recommended. Seek assistance if required, from the soil
sampling crew for measuring the radon because these measurements are time-sensitive. If the
permeability apparatus was used at the site, it is possible to use the same probes for the radon
measurements. However in this case the permeability measurement must be conducted first.
Avoid being too close to the soil pit. All hollow steel probes for collection of soil gas radon can
be inserted at the most suitable time and the lost tips hammered down.

Hint for collecting in low permeability soils - If you encounter a probe with a hard to very hard

syringe pull, i.e. 50 ml/5 ml or equivalent on the first pull, and it is difficult to get the required
150 ml for the first sample, use the extractors to raise the probe 5 cm and try again. Be careful to
maintain the seal between the soil and the outside of the probe. If the syringe pull is still hard to
very hard, raise the probe another 5 cm to the 50 cm depth and try again. Be sure to record any
changes to the probe depths on the field data sheet. If, at 50 cm, gas collection is still hard or

very hard, check the time and make the decision to stop and move to the next probe.

The objective is to collect all or most of the soil gas samples from a consistent depth. If it is hard
to collect a gas sample at the first probe, it is helpful to collect samples from the other probes at
depths of 60 cm before returning to the first probe. If it is difficult to collect a sample at 60 cm at
all probes, you may need to raise all to 55 cm or 50 cm. Pulling the probes to a shallower depth

also applies if the top of the water table is high and water enters the syringe.

Step 5: Soil gas radon measurement

It is important to record the times that each IC is filled with soil gas from the syringe. Every
effort must be made to start the measurement within the 13 to 17 minute window from the time

the IC was filled. Remember to watch the time while collecting the soil gas samples.
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1) Turn on the ERM monitor — make sure that the meter is set to “15”. To save time, the
monitor can be turned on several minutes before the first IC reading is taken. Do not touch the
IC and be careful to have no excessive movement while the measurement is in progress. Make
sure that the cap is always on the monitor reader if no IC is being measured. Handle the ERM-
3 meter with care, especially the reading connector. Avoid contaminating it with dust. Radon

measurements should not be performed while it is raining.

2) Measure all ICs in the same sequence they were filled. Record the time the measurement
started. It should be between 13 and 17 minutes from the time IC was filled. Record the IC #
and the radon reading on the field sheet.

3) If several “0.0” values are encountered at any site, it is wise to “re-zero” the meter and
repeat the measurement to confirm that the low value is correct. Remember to record the start

times when each IC is measured.

4) Open the ICs immediately after the soil gas radon measurements have been finished and
the detector has been removed from the reading connector. This reduces the build-up of
longer-term progeny. See the note below on testing for radon progeny contamination. The
note also provides information on maintaining the 1Cs and reusing them the same day.

5) After all ICs are measured, turn off the monitor. Place the ICs in the carrying case and
extract all probes using either the simple or complex retractor. Disassemble the equipment
and pack the permeability apparatus if it was used. Pay particular attention to collecting the

smaller items and ensure that the field data sheet is properly completed.

Note on testing for radon progeny contamination:

As stated above, opening the IC immediately after a measurement reduces build-up of longer-

term progeny and shortens the time required before the IC can be reused. The level of radon

progeny contamination of the IC can be tested by taking a measurement on an atmospheric air

sample (low radon) that has filled the IC, instead of a soil gas sample. The value should normally

range from 0 to 0.7 kBg/m®. The IC can be used the same day if the background value is
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acceptable or if a background measurement is performed immediately before that IC is to be

used.

It is important to get into the habit of monitoring the 1C background value routinely and making
regular tests of the vacuum stability of each IC. It is helpful to cycle the use of all 25 ICs. The
night before a site visit, determine which ICs may be used and measure their background radon
concentrations. If they have levels below the normal maximum background of 0.7 kBg/m?, no
further action is needed. If the levels are higher, evacuate the IC, fill it with atmospheric air and
remeasure. If the reading is still above 0.7, clean the IC with distilled water, dry it, and measure
again. Repeat this procedure until the background level is 0.7 or less. If the IC is to be used again
on the same day or even the next day, a cleaning and decontamination of the IC is recommended.
Otherwise, take a “background” measurement with atmospheric air. Record the background

radon value and subtract it from the measured soil gas value.
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Appendix B-2

Field Card for Soil Radon-Gas and Natural Radioactivity Measurements
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Tri-National Soil Sampling Field Data — Radioactivity and Radon

Date: [ Celll D. Site | D.
RepStat : | Resampled Site : (Y) | (N) | NFI Plot:
NTS Sheet #: | Lat. (NAD83) Long. (NAD83)
Weather: Air Temp (C):
Time (In): [ Time (Qut): |
Name of Sampler(s):
Radioactivity:
Spectrometer Serial Peak FVWHM Gain
System Gain GR320
(if applicable) GPX 21
RS 230
Spec # Total K el eTh Total K el eTh Scint.
P (ppm) (pet) (ppm) | (ppm) | (cpm) | (cpm) | (cpm) | (cpm) | Value
Radon
T Pul lon Time Time Radon Radon
S'?ai%%n# D(erﬁ)th batc?k/to \?;m(?rl% Chamber IC of Bkgd Conc. Comment
i) ' # Filed | Meas. | (kBa/m®) | (kBa/m®)
Permeability
Permeability Depth 1or2 Time Measured | Permeability Comment
Station # (m) Weights | Started Time (s) (k/mz)

Additional Comments
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