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Introduction SRNL and the SRNL UCF

Shallow underground laboratories (< 50 m | The Underground Counting Facility (UCF) at Savannah River National Lab (SRNL) is about 12 m

underground) are more accessible and well suited for underground (from ground level to ceiling). It is uniquely accessible via a ramp from a clean lab
a wide variety of measurements than their deep space. The soil that surrounds the silo is composed of mostly sand and some kaolinite clay. The
underground counterparts. While cosmic induced average soil density is a relatively low 1.6 g/cm”3. The counting room is constructed from pre-WW]|

backgrounds in deep underground laboratories are battleship steel with interior dimension of 4.3 x 3.0 x 2.4 m. The counting room was lowered into a
(watertight) sheet piling silo, itself filled with successive material layers to aid in shielding cosmic
rays. The effectiveness of the specific design choices (material layers within the silo) does not
appear to have been evaluated or justified prior to construction.

largely insensitive to local design choices, shallow
underground labs are significantly affected by design
choices.

SRNL's expertise in clean sample preparation chemistry combined with the easily accessible
underground space and expertise in ultra-low background radiation detection provide an ideal
environment for radiation detection needs that are less stringent than in large physics experiments
but still benefit significantly from the reduced background.

(48-feet below ground)
4-inch thick steel walled
chamber surrounded by
4-foot specular hematite

Here, we study the radiation backgrounds in the
Underground Counting Facility (UCF) at Savannah
River National Lab (SRNL). Several design choices

““Sheet Piling

made during the construction of the UCF appear to A schematic of the SRNL UCF, the silo it is placed in,
lack documented quantitative jUStiﬁcation. Here, we S.I D - the access tunnel’ and the above ground clean lab
evaluate the radiation shielding efficacy of the design I O es I g n entry space.
ch0|ces. reIatye to simply backfilling with t.he The “as built” silo design’s inclusion of clay and specular hematite succeeds in increasing the density
excavation '50|I, suggest an alternate  design and overburden relative to the surrounding sand, which successfully decreases the muon flux in the
constructed in the same footprint, and study how the counting room. The high density, low background pre-WWII battleship steel counting room shell acts SRNL Sand (7.4 m, p = 1.6)
designs compare when applied to locations with as a final shield for gammas and neutrons produced in the surrounding layers. However, placing the
different soil composition and higher density. borated white concrete layer nearly 3 m from the counting room does not seem to make sense given B
that most neutrons created above this depth would not otherwise reach the counting room. Clay (1.6 m, p = 2.6)
Methods Increasing density and overburden should be prioritized over neutron absorption in the area where
the borated concrete is currently placed. Borated layers should be placed closer to the counting — . Clay (0.3 m, p = 2.6)
Modeling the radiation environment in the UCF with room to take advgntage of neutron capture properties and increase sol-id angle coverage. Additional &
GEANTA simulations: neutron moderation could be placed just above the borated layer to increase capture rates. Small N
] f.I ) - amounts of H in clay could accomplish this. A small amount of (higher-density) material should be o |
e Assess radiation flux across the center of the laced bet the borated | d th ti teel to absorb sub tb i 1
placed between the borated layer an e counting room steel to absorb subsequent boron capture
counting room gammas. = Pre-WW]I Steel (0.1 m)
* h=1.2mfrom floor The “informed” design silo uses an identical footprint, uses the same counting room material and C=|) Countlng. Room
e Exclude 0.5 m outer edges placement in the silo, and is placed at the same depth. The alternate silo designs use many of the n (2.4 m, air)
same bulk materials to stay cost-effective for large amounts of material. “Informed” design (from top
e Generate u* and to bottom): 3.7 m of specular hematite, 0.5 m of clay, 0.1 m of borated concrete, 3.9 m of clay
U™ across 150 m (counting room is in this layer). 0.102 m (4”) layer of borated polyethylene added to surround

radius at the counting room steel. s
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surface assuming v SILO (d =9.1 m)
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overburden A diagram of the “as built” UCF silo layers. Several thin

Particle flux (using SRNL silo)

E 1.1
e Compare 3 ’—H_LH He (~0.01 m) plastic sheets used to separate silo layers are
radiation flux 1 u, SRNL sand 219 WrEgaes M_H*_jhﬁt-; not displayed here. All densities listed above in units
e ) 10-3 4 1 u, standard rock N T s A B e A
with “informed 1 neutron, SRNL sand = %97 ’1'” of g/cm 3.
Si|0 design [ neutron, standard rock — san:, pc;silo, Zac_tlkfillw/ sand 7
¢ COmpa re 10—5 T [ Y SRNL sand 1 z::d: ;r;n?r;ijls, vj:’ (r)m borated concrete . ‘T"
] ) a\ — Y, standard rock sand, srnl silo, w/ no hematite + For SRNL Sand:
radiation flux 5 o o 1 1o o . .
with 5 energy (Mev) SRNL Silo (vs SRNL sand backfill):
combinations of o ul y (Sand) * Much higher muon flux for backfill, mostly higher
0 silo and § 15 J ‘ gamma flux, and significantly lower neutron flux
= -9 _ .
A GEANTA4 simulation rendering  genser rock 10 | il Borated concrete (vs clay):
of a 10 GeV primary muon and et ﬂ | ﬂ il * Slightly increase neutron flux at low energy when
° ° s % 1.2 A rl—
its secondary products as it 1071 : ] i]e4 T ) e replaced w/ clay
travels downward from the é:: s R A L i . Borajced concrete in .its current position generally
surface into the UCF. — = - - - - goﬁ l?,J M provides little shielding benefit
energy (MeV) » 1 sand, na i, backl w] sand Specular hematite (vs clay):
. . . . ” sand, smi s, /o borated concfete * Replacing hematite with clay significantly decreases
Test Conflguratlpns (8 in total): ) L Energy spectra of downward traveling particles passing T T neutron flux (possibly due to extra moderation from
SRNL conf!guratlon: SRNL Sand + “as built .Sl|0 through the center of the UCF from simulation of surface eneroy (Me) H in clay) and gamma flux between 100 keV and 10
SRNL config w/ clay instead of borated (white) muons. The muon flux in the UCF is about 30% of the MeV
concrete | | surface muon flux. Obvious decrease in muon and gamma - —— neftrz"(kfﬁ':f)d i Informed Design:
SRNL config w/ clay instead of specular hematite flux seen for more dense standard rock. £ b s s, wi o borated corkrete | * Principles: maximize overburden higher in the silo,
1 1+ 1 . 1.2 1 sand, srnl silo, w/ no hematite
Soil types (2): .  euvon e | P [ TR surround counting room with relatively dense,
PY — /\ 1.3 _ : T 144 =3 rock, no silo, backfill wf rock 4 “O’ 0.8 ' .
SRNL Sand (p = 1.6 g/cm”3) ) | 5 1ok o i bk i g IL )T H i | m e cheap, lower neutron creation clay and borated
. standard Rock (p = 2.65 g/cm”3) E | sl [ % |‘ || fret 7 00 il | Wﬂ #J Jf* polyethylene
Silo designs (:?:): o oy o [ | m HHH 04- ‘ I }] P I * Significant decrease in neutron flux across both rock
. SRNL “as bUI|.t SI|O. T e i il H‘ 2 o] JL 02 * | it P}L’HH — types
. “Informed” silo design * ool I ~ | LA Jfl 1L SN UM S
. No silo (keep steel, backfill with existing soil) 02 energy (MeV)
For (more dense) Standard COhClUSanS. _ . _ _
Rock: Despite potential design tweaks that could slightly improve backgrounds in the SRNL UCF, the
Refe rences e . Benefits of silo relative to “as built” design significantly reduces cosmic backgrounds relative to the surface. The

ed silo

“informed design” silo generally reduces cosmic induced backgrounds for all particles across
most energies. There are still additional considerations (engineering, ambient radioactivity,
practical) that must be accounted for when designing a shallow underground lab.

The clean, surface-level underground access at Savannah River National Laboratory provides a
productive environment to fully leverage the clean sample preparation chemistry and low
background radiation detection expertise for local low background radiation measurements.

backfill not as obvious with
higher density soil
iy L !j}'u” * Neutron flux improves
significantly with informed
silo design, not much change
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