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�  5	  LSC	  detectors,	  4	  mounted	  and	  taking	  data,	  1	  to	  be	  mounted	  in	  the	  first	  
trimester	  of	  2013:	  

	  GeOroel	  (54181),	  GeTobazo	  (54213),	  GeAnayet	  (54214),	   	  GeLatuca	  
(54262)	  -‐	  mounted	  

	  GeAspe	  (54261)	  –	  to	  be	  mounted	  
	  
	  
�  2	  detectors	  University	  of	  Zaragoza,	  one	  mounted	  and	  taking	  data,	  1	  to	  be	  

mounted	  in	  January-‐February	  2013.	  
	  Ge7074	  -‐	  mounted	  
	  Ge7084	  -‐	  to	  be	  mounted	  

Hall	  C	  
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Detectors	  Characteris?cs	  
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Model DSA-1000
Digital Spectrum AnalyzerFeatures

■ Integrated desktop MCA
based on Digital Signal
Processing (DSP)

■ Excellent count rate and
temperature stability

■ Wide range of processing
time parameters to allow
precise match to detector
characteristics and
application requirements

■ 16K Channel conversion
gain/spectrum memory

■ USB and RS-232 host
interfaces allow simple
connection to computer –
no plug-in board or PC bus
slot required

■ Convenient small form-
factor desktop package

■ Full set of front panel
indicators for HV, dead time
and system status

■ Performs pulse height
analysis (PHA) or multi-
channel scaling (MCS)

■ Digital oscilloscope to
assist with setup

■ Built-in power up
diagnostics

■ Supported by Genie™ 2000
spectroscopy software

Genie is a trademark of
CANBERRA Industries, Inc.
PIPS is a registered trademark of
CANBERRA Industries, Inc.

Phone contact information
Benelux/Denmark (32) 2 481 85 30 • Canada 905-660-5373 • Central Europe +43 (0)2230 37000 • France (33) 1 39 48 50 00 • Germany (49) 6142 73820
Japan 81-3-5844-2681 • Russia (7-095) 429-6577 • United Kingdom (44) 1235 838333 • United States (1) 203-238-2351
For other international representative offices, visit our Web Site: http://www.canberra.com or contact the CANBERRA U.S.A. office. C27268 9/05 Printed in U.S.A.

Description
The DSA-1000 is a full featured 16K channel integrated Multichannel Analyzer
based on advanced digital signal processing techniques (DSP). When paired
with the computer of choice, the DSA-1000 becomes a complete spectroscopy
workstation, capable of highest quality acquisition and analysis. The instrument
interfaces to all existing detector technologies like HPGe, NaI, Si(Li), CdTe or
Cd(Zn)Te, PIPS® or X-PIPS.
The DSA-1000 offers cost effective, no-compromise DSP-quality spectroscopy
in a very compact package. It is operated through CANBERRA’s Genie 2000
spectroscopy software which provides the user with ultimate flexibility. A wide
range of application specific software options are available under the Genie
2000 family.
The excellent performance of the DSA-1000 derives from the application of
DSP technology. Earlier analog spectroscopy systems were prone to count rate
and environmental instabilities that required continual adjustment of the signal
processing subsystem – and often compromised analysis results. With the
DSA-1000, these problems are dramatically reduced, without bulky packages
or NIM bins.
The heart of the DSA-1000 is the Digital Signal Processor subsystem. Unlike
conventional systems, which digitize the signals at the end of the signal
processing chain, the DSA-1000 digitizes the preamplifier signals at the front
of the signal processing chain. This approach minimizes the amount of analog
circuitry resulting in increased stability, accuracy and reproducibility.

Model DSA-1000 Digital Spectrum Analyzer

RS-232
RS-232 interfaces to host personal computer; software
selectable baud rate, 2.4K to 115K supported; rear panel
9-pin male D connector.
USB
Full Speed USB interface for host communication; rear
panel USB Series B connector. The maximum cable length
supported by USB is 5 m.
PREAMP
Provides ±24 V (±5%), ±12 V (±5%) and ground for
standard preamplifiers; overload protected.

■ +24 V at 40 mA max
■ –24 V at 20 mA max
■ +12 V at 80 mA max
■ –12 V at 30 mA max

Rear panel 9-pin female D connector.
FRONT PANEL INDICATORS
POWER
Green LED, indicates that the DSA-1000 is switched on.
FAULT
Yellow LED, indicates a diagnostic failure at power-up or
high voltage fault.
HV ON
Green LED, indicates HVPS status or HV fault condition,
constant on indicates HVPS is on and high voltage may be
present at the rear panel SHV connector. Blinks for a fault
condition such as a high voltage overload or inhibit due to
a detector warm up if connected.
HV LEVEL
Green LED bar graph indicating that high voltage is
present at the rear panel HV connector. The bar graph full
scale (FS) depends on the selected HV range (1.3 kV or
5 kV).
HIGH VOLTAGE RANGE AND POLARITY
Four green LEDs indicating the selected HV range and
polarity.
ACQ
Green LED, indicates MCA is acquiring.
COMM
Green LED, indicates USB or RS-232 activity.
ICR
Green LED, indicates incoming count rate; blink rate
proportional to count rate.
DEAD TIME
Green LED bar graph providing a real-time display of the
system’s dead time in percent; range: 0% – 100%, linear.

Specifications
INPUTS/OUTPUTS
AMP IN
Accepts positive or negative signals from an associated
detector preamplifier; amplitude for full scale conversion
±10 V divided by selected gain; maximum input (signal
+dc) for linear operation is dependent on the Input
Attenuator setting; Attenuator OFF (x1): ±4 V, Attenuator
ON (x 0.25): ±12 V, dc coupled and protected to ±24 V
maximum; rise time: less than the selected Rise Time +
Flat Top settings; acceptable preamplifier decay time
constant: 45 µs to infinity; Zin is 1.3 kΩ; rear panel BNC
connector.
RESET
Accepts a standard TTL Logic signal; functionality is
dependent on the Reset Preamp Inhibit mode selected;
disables pulse processing, extends the system dead time,
resets the pileup rejector and gates off the baseline
restorer; rear panel BNC connector.
Auto:
System is gated off for the greater of the external RESET
signal “OR” the Internal Inhibit time.
Manual:
Functionality same as Auto mode except the signal
processor is inhibited for the greater of the user selected
Inhibit Setting “OR” the Internal Inhibit Time “OR” the
external RESET signal.
Positive true or negative true signal polarities, user
selectable; minimum pulse width is 100 ns; logic high
≥+2 V, logic low ≤+0.8 V; maximum input voltage +5.5 V.
HV INH
Accepts input from the detector preamplifier to shut down
the HVPS in the event of a detector warm-up; polarity is
user selectable to match the preamplifier; rear panel BNC
connector.
Positive polarity: for all Canberra preamplifiers; Enable
condition (cold detector) is an open circuit or active high
≥+1.2 V to +24 V; Inhibit condition (warm detector) is –24 V
to <+1.2 V or ground.
Negative polarity: for all preamplifiers and LN monitors
where enable condition (cold detector) is –24 V to <+1.2 V;
Inhibit condition (warm detector) is open circuit or active
high ≥+1.2 V to +24 V.
With Negative selected an open input will disable the high
voltage.
MCS
MCS counts input; TTL compatible; maximum rate ≤1 MHz;
minimum pulse width ≥20 ns; logic low ≤+0.8 V, logic high
≥+2 V; rear panel BNC connector.
DC PWR
DC power input from supplied ac adapter; 2.5/5.5 mm rear
panel connector; Nominal 7.5 V dc at 0.75 amps, +8.5 V
maximum.
HV
Dual range and polarity high voltage power supply; voltage
range and polarity selected by programming modules: ±10
to ±1300 V dc or ±1300 to ±5000 V dc; rear panel SHV
connector.
Low end of the 5000 V range is limited to 1300 V by
software.

Electronics	  
Preamplifier:	  PSC761	  Canberra.	  
DSA	  1000	  (Digital	  Spectral	  Analyzer)	  from	  Canberra.	  
�  Very	  stable.	  
�  All	  in	  one,	  small	  dimensions.	  
�  Easy	  to	  control,	  using	  Genie2000	  software	  from	  

Canberra.	  Ideal	  for	  remote	  management	  of	  the	  
detectors.	  

Detectors	  Characteris?cs	  
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Detectors	  Characteris?cs	  
Shielding:	  	  
20	  cm	  of	  lead	  (480	  bricks),	  	  
5	  cm	  Cu-‐OF	  rolled,	  
Methacrylate	  Rn	  shield	  (1	  cm).	  
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Detectors	  Characteris?cs	  

20	  cm	  Pb	  
5	  cm	  Cu-‐OF,	  rolled	  
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Rate[100-‐2700	  keV]	  =	  5.4	  mHz	  
Rate[609	  keV]	  =	  1.2	  mHz	  
Rate[50-‐583	  keV]	  =	  4.6	  mHz	  

Detectors	  Characteris?cs	  
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Monte	  Carlo	  Simula?ons	  
A	  MC	  simulation	  program,	  GEBIC,	  was	  developed	  using	  Geant4.	  GEBIC	  was	  improved	  and	  
tested	  in	  collaboration	  with	  University	  of	  Zaragoza.	  GEBIC	  is	  used	  to	  calculate	  detector	  
efficiency	  for	  each	  sample.	  
Code	  slightly	  modified	  to	  include	  specific	  characteristics	  of	  each	  detector.	  

Understand	  better	  detectors	  background,	  modify	  the	  cleaning	  protocol	  of	  the	  shield	  
materials	  and	  the	  shield	  structure	  to	  eliminate	  it	  as	  much	  as	  is	  possible.	  
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20	  cm	  Pb	  
5	  cm	  Cu-‐OF,	  rolled	  

20	  cm	  Pb	  =	  660	  Pb	  bricks	  
10	  cm	  Cu-‐OF,	  rolled	  

New	  Shields	  
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Material	  Screening	  
Material	  screening	  for	  experiments:	  NEXT,	  SUPERKGD,	  ArDM,	  
ANAIS	  and	  BiPo	  with	  5	  HpGe.	  

Results	  from	  the	  measurements	  done	  for	  NEXT	  to	  be	  published	  
soon	  in	  JINST.	  
arXiv:	  1211.3961	  
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Neutron	  Background	  Measurement	  

1)	  Direct	  measurement	  of	  the	  neutron	  
bkg.	  Level	  and	  energy	  distribution	  using	  
Bonner	  Sphere	  Spectrometers	  (BSS).	  
-‐	  cylindrical	  3He	  proportional	  counter	  
(Φ	  =	  9	  mm,	  h	  =	  10	  mm)	  
-‐	  HDPE	  spheres	  with	  diameters:	  2.5”,	  3”,	  
4.2”,	  5”,	  6”,	  8”,	  10”	  and	  12”.	  

Measurements	  done	  in	  collaboration	  with	  CUNA.	  Results	  to	  be	  
published	  soon	  in	  Astroparticle	  Physics	  Journal.	  

2)	  6	  large	  3He	  proportional	  
counters	  (Φ	  =	  2.54	  cm,	  h	  =	  60	  
cm),	  filled	  at	  20	  atm.	  Detectors	  
and	  data	  acquisition	  from	  BELEN	  
detector.	  
HDPE	  matrices	  with	  different	  
sizes	  (table).	  
Calibration	  252Cf	  (400	  n/s)	  source.	  
Measurement	  26	  days.	  
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Clover	  Measurement	  in	  Hall	  A	  

514 The European Physical Journal A

been measured. Motivated by these advances, new under-
ground accelerators have been proposed at a number of
locations, namely: LNGS [14], the Canfranc laboratory
in Spain [15], the planned DUSEL facility in the United
States [16], Boulby mine in the United Kingdom [17], and
Romania [18].

The present work is the third in a series [19,20] that
aims at facilitating these efforts, by providing detailed
background data on deep-underground in-beam setups as
a reference case. In the first article of the series, the lab-
oratory background with no or only minor shielding was
studied for high-purity germanium (HPGe) and bismuth
germanate (BGO) γ-detectors, and it was shown that for
Eγ > 3MeV the laboratory γ-background at LUNA is
typically three orders of magnitude lower than at the sur-
face of the Earth [19]. The second article presented an
ultra-low background (ULB) HPGe detector with a so-
phisticated passive shield at LUNA. For Eγ ≤ 3MeV,
this in-beam setup [20] displayed a laboratory background
close to that of dedicated, deep-underground activity-
counting setups [21].

Here, the effects of segmentation and of active shield-
ing on the laboratory γ-background of a HPGe detector
are studied. To this end, the background of a HPGe detec-
tor that has been used for a recent LUNA experiment [12]
has been studied in detail. For some of the experiments,
also a 5 cm thick lead shield has been added, allowing to
investigate the combination of active and passive shield-
ing. Finally, as an example of the potential applications of
a composite HPGe detector deep underground, the weak
branching ratio for the decay of the Ep = 223 keV reso-
nance in the 24Mg(p, γ)25Al reaction to the ground state
in 25Al is re-determined.

2 Setup

For the experiment, a EURISYS Clover detector [22] has
been used. This type of composite detector was selected
because it easily fits in the restricted space of an un-
derground laboratory. It consists of four coaxial n-type
HPGe detectors arranged like a four-leaf clover (fig. 1).
The spacing between the crystals is only 0.2mm, leading
to a closely packed geometry. At the 1333 keV 60Co line, a
single crystal has a typical resolution of 2.2 keV and 20%
relative efficiency.

The signals from the four crystals are split after the
preamplifiers. One part is fed into four main amplifiers,
and the signals are then digitized and recorded in self-
triggered, histogramming mode. These four individual his-
tograms were gainmatched and added channel by channel,
to form just one histogram hereafter called “singles mode
spectrum”.

The second part is fed into an analog summing unit
implementing the gain-matching and summing of the
four signals. The analog sum signal is then passed to a
fifth main amplifier and digitized. The signal can then
be recorded either in free-running, self-triggered, mode
(called hereafter “addback mode, free-running”) or in anti-
coincidence with the signal from the BGO escape sup-

Ge

GeGe

Ge

Ge
Ge

BGO

91mm

41mm

Fig. 1. (Colour on-line) Schematic cross-section of the Clover-
BGO system. The four germanium crystals are called red,
green, black, and blue. The BGO escape suppression shield
(yellow) and the heavy-met collimator on the front face (dark-
blue) are also shown.

pression shield (called hereafter “addback mode, escape-
suppressed”). The virtual large detector formed by the
addback mode has 122% relative efficiency, comparable
to the HPGe detectors used for the previous background
studies at LUNA [19,20].

The accidental suppression rate of the BGO escape
suppression shield was found to be 1%. The average num-
ber of hits per event was determined to be 1.1 for the lab-
oratory background and 1.2 for the highest counting rate
in-beam run, on the 278 keV resonance of the 14N(p, γ)15O
reaction. The timing information from the individual crys-
tals was not used. Due to the continuous character of the
intensive ion beam at LUNA, no time correlation between
the ion beam and the emitted γ-ray was possible.

In the present study, the Clover detector is always used
in conjunction with a surrounding BGO scintillator. For
the addback mode data, the BGO can act as a Compton
suppression veto. For the singles mode data, the BGO was
in effect only a passive shield. The detector was used in
horizontal geometry, so that in addback mode, the BGO
shield can act as a veto against penetrating muons passing
the germanium detector volume.

3 Off-line experiments and results

For the underground experiments presented here, the Clo-
ver detector was placed deep underground in the LUNA
facility [23] of LNGS. For a first set of measurements, it
was mounted in horizontal geometry at the 45-2 beam line
of the 400 kV LUNA2 accelerator, and no lead shielding
was used. During the background measurement presented
in the present section, the LUNA beam was off. This setup
was used both for the off-line experiments without lead
shield and for the in-beam experiment described below in
sect. 4.

In a second part of the underground experiments, the
detector was placed on the floor of the LUNA hall and
completely surrounded with a 5 cm thick shield of stan-
dard lead.

Eur.	  Phys.	  J.	  A	  44,	  513–519	  (2010)	  

Institute	  of	  Nuclear	  Research	  (ATOMKI),	  Debrecen,	  Hungary	  

The	  laboratory	  γ-‐ray	  background	  in	  Hall	  A	  was	  
measured	  in	  the	  period	  18	  -‐26	  October	  2012	  with	  
a	  	  Clover	  detector	  from	  ATOMIKI	  Debrecen,	  
Hungary,	  in	  collaboration	  with	  CUNA	  
collaboration.	  

Spectra	  have	  been	  recorded	  both	  for	  the	  single	  
segments	  and	  for	  the	  virtual	  detector	  formed	  by	  
online	  addition	  of	  all	  four	  segments.	  

The	  signals	  from	  the	  four	  crystals	  are	  split	  after	  
the	  preamplifiers.	  One	  part	  is	  fed	  into	  four	  main	  
amplifiers,	  and	  the	  signals	  are	  then	  digitized	  and	  
recorded	  in	  self-‐	  triggered,	  histogramming	  mode.	  
These	  four	  individual	  histograms	  are	  then	  gain-‐
matched	  and	  added	  channel	  by	  channel,	  to	  form	  
just	  one	  histogram	  hereafter	  called	  “single	  mode	  
spectrum”.	  
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The	  second	  part	  is	  fed	  into	  an	  analog	  summing	  unit	  implementing	  the	  gain-‐matching	  and	  
summing	  of	  the	  four	  signals.	  The	  analog	  sum	  signal	  is	  then	  passed	  to	  a	  fifth	  main	  amplifier	  
and	  digitized.	  The	  signal	  can	  then	  be	  recorded	  either	  in	  free-‐running,	  self-‐triggered,	  mode	  
(called	  hereafter	  “addback	  mode,	  free-‐running”)	  or	  in	  anti-‐coincidence	  with	  the	  signal	  from	  
the	  BGO	  escape	  suppression	  shield	  (called	  hereafter	  “addback	  mode,	  escape-‐suppressed”).	  	  
The	  virtual	  large	  detector	  formed	  by	  the	  addback	  mode	  has	  122%	  relative	  efficiency.	  

	  

Clover	  Measurement	  in	  Hall	  A	  

Analysis	  in	  progress!	  

	  

Measurements done in 2010 

1. Gamma background in Hall A       
     𝛾 ∙ 𝑐𝑚 ∙ 𝑠  
 
 
 
 

 
Good agreement with LNGS reported values 
 ~1𝛾 ∙ 𝑐𝑚 ∙ 𝑠  
C. Arpasella, Nucl. Phys. B (Proc. Suppl.) 28ª (1992) 

40K 0.52 ± 0.23 
238U 0.35 ± 0.03 
232Th 0.19 ± 0.04 
Total 𝟏. 𝟎𝟔 ± 𝟎. 𝟑 

Unizar 20th of December 2010 

GeOroel	  2010:	  
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Radon	  Monitoring	  

4	  AlphaGUARD	  Rn	  monitors	  
(pulse-‐counting	  ionization	  chamber	  
–	  alpha	  spectroscopy)	  situated	  in:	  	  	  	  	  
�  	  entrance	  of	  air	  in	  the	  lab	  (LSC),	  
�  	  Hall	  A,	  
�  	  Hall	  B,	  	  
�  	  Hall	  C.	  
	  
	  

 
 
 
 
 
 
 
 
 
 
 
 

Valores y Representaciones Gráficas 
 de Radón-222, Temperatura, Presión y Humedad relativa 
obtenidos en LSC (entrada de aire), Hall A, Hall B y Hall C 

medidos con equipos AlphaGUARD 
durante el mes de octubre de 2012 

  
 
 

Data	  measured	  and	  analyzed	  
in	  collaboration	  with	  LABAC.	  
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Radon	  Monitoring	  

Hall	  C	   
 
 
 
 
 
 
 
 
 
 
 

Valores y Representaciones Gráficas 
 de Radón-222, Temperatura, Presión y Humedad relativa 
obtenidos en LSC (entrada de aire), Hall A, Hall B y Hall C 

medidos con equipos AlphaGUARD 
durante el mes de octubre de 2012 

  
 
 

Data	  measured	  and	  analyzed	  
in	  collaboration	  with	  LABAC.	  
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Rn222	  Monthly	  Values(Bq/m3)	  	  
(December	  1st	  2011	  –	  November	  30th	  2012))	  	  

Radon	  Monitoring	  

 
 
 
 
 
 
 
 
 
 
 
 

Valores y Representaciones Gráficas 
 de Radón-222, Temperatura, Presión y Humedad relativa 
obtenidos en LSC (entrada de aire), Hall A, Hall B y Hall C 

medidos con equipos AlphaGUARD 
durante el mes de octubre de 2012 

  
 
 

Data	  measured	  and	  analyzed	  
in	  collaboration	  with	  LABAC.	  
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EXT	   INT	  

Month	   Average	  
Value	  

Max.	  
Value	  

Min.	  
Value	  

Average	  
Value	  

Max.	  
Value	  

Min.	  
Value	  

Dec-‐11	   68	   107	   46	   65	   105	   44	  

Jan-‐12	   65	   94	   37	   66	   94	   37	  

Feb-‐12	   63	   79	   39	   59	   76	   39	  

Mar-‐12	   76	   90	   44	   71	   85	   37	  

Apr-‐12	   78	   101	   54	   73	   94	   50	  

May-‐12	   81	   122	   54	   76	   112	   49	  

Jun-‐12	   87	   115	   69	   83	   108	   70	  

Jul-‐12	   91	   121	   66	   88	   121	   63	  

Aug-‐12	   87	   105	   72	   83	   100	   65	  

Sep-‐12	   78	   108	   53	   75	   111	   50	  

Oct-‐12	   86	   118	   45	   83	   114	   46	  

Nov-‐12	   72	   86	   54	   70	   85	   51	  

Year	   78	  	   122	   44	   74	   121	   37	  

Radon	  Monitoring	  

 
 
 
 
 
 
 
 
 
 
 
 

Valores y Representaciones Gráficas 
 de Radón-222, Temperatura, Presión y Humedad relativa 
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T	  (ºC)	  
Month	   EXT	   INT	  
Dec-‐11	   19,0	   22,6	  
Jan-‐12	   18,4	   22,6	  
Feb-‐12	   17,6	   22,2	  
Mar-‐12	   17,1	   21,8	  
Apr-‐12	   17,0	   22,1	  
May-‐12	   17,7	   22,2	  
Jun-‐12	   18,8	   22,0	  
Jul-‐12	   19,2	   22,1	  
Aug-‐12	   20,0	   22,4	  
Sep-‐12	   19,5	   19,0	  
Oct-‐12	   22,4	   23,0	  
Nov-‐12	   	  	   	  	  

P	  (mb)	  
Month	   EXT	   INT	  
Dec-‐11	   886	   887	  
Jan-‐12	   886	   887	  
Feb-‐12	   883	   883	  
Mar-‐12	   885	   886	  
Apr-‐12	   871	   872	  
May-‐12	   880	   881	  
Jun-‐12	   881	   881	  
Jul-‐12	   882	   883	  
Aug-‐12	   883	   884	  
Sep-‐12	   882	   887	  
Oct-‐12	   882	   887	  
Nov-‐12	   	  	   	  	  

Temperature	  &	  Pressure	  	  Monitoring	  
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ESPA
ÑA 

FRAN
CIA 

Caverna 

Parking 

Lab2400 

Lab	  
780 

TLD	  

	  
Underground	  Lab	  

	  
1.  Hall	  A	  
2.  Hall	  B	  
3.  Hall	  C	  
4.  Parking	  (Tunnel)	  
5.  Lab	  2400	  offices	  
6.  Gallery	  12	  
7.  Lab	  780	  E	  Low	  
8.  Lab	  780	  E	  High	  
9.  Lab	  780	  W	  Low	  
10.  Lab	  780	  W	  High	  

	  
	  

Office	  Building	  
	  

11.  Mechanical	  
Workshop	  

12.  Terasa	  
	  

Radioac?vity	  Measurements	  with	  TLD	  
dosimeters	  
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Radioac?vity	  Measurements	  with	  TLD	  
dosimeters	  
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Total	  α	  Ac)vity	  (Bq/m3)	  in	  Water	  	  
Date	   1	  Lab	  ext	   4	  Caverna	   5	  Entra	  dep	   7	  Hall	  A	  
Aug-‐11	   2,68E+01	   7,06E+01	   6,95E+01	   4,16E+01	  
Sep-‐11	   4,13E+00	   1,14E+02	   6,73E+01	   5,77E+01	  
Oct-‐11	   7,13E+00	   6,87E+01	   9,18E+01	   6,58E+01	  
Nov-‐11	   5,67E+00	   6,37E+01	   5,47E+01	   3,95E+01	  
Dec-‐11	   6,63E+00	   2,04E+01	   2,74E+01	   2,74E+01	  
Jan-‐12	   9,02E+00	   8,50E+01	   6,99E+01	   4,82E+01	  
Feb-‐12	   8,98E+00	   3,61E+01	   4,13E+01	   3,60E+01	  
Mar-‐12	   2,19E+01	   3,30E+01	   3,50E+01	   4,14E+01	  
Apr-‐12	   1,15E+01	   3,06E+01	   2,21E+01	   2,92E+01	  
May-‐12	   4,65E+00	   3,38E+01	   2,63E+01	   2,51E+01	  
Jun-‐12	   5,51E+00	   6,96E+01	   5,45E+01	   2,58E+01	  
Jul-‐12	   	  	   	  	   	  	   	  	  

Uncertainty	  
Aug-‐11	   1,81E+00	   7,22E+00	   7,17E+00	   5,59E+00	  
Sep-‐11	   1,57E+00	   7,08E+00	   5,46E+00	   5,07E+00	  
Oct-‐11	   1,89E+00	   5,55E+00	   6,18E+00	   5,25E+00	  
Nov-‐11	   1,44E+00	   4,46E+00	   4,14E+00	   3,52E+00	  
Dec-‐11	   1,59E+00	   2,56E+00	   3,02E+00	   3,02E+00	  
Jan-‐12	   1,76E+00	   5,95E+00	   5,41E+00	   3,88E+00	  
Feb-‐12	   2,13E+00	   3,91E+00	   4,16E+00	   3,91E+00	  
Mar-‐12	   3,09E+00	   3,82E+00	   3,92E+00	   4,17E+00	  
Apr-‐12	   1,97E+00	   3,11E+00	   2,66E+00	   3,04E+00	  
May-‐12	   1,42E+00	   3,83E+00	   3,42E+00	   3,34E+00	  
Jun-‐12	   1,82E+00	   5,40E+00	   4,80E+00	   3,39E+00	  
Jul-‐12	   	  	   	  	   	  	   	  	  

Limit	  
Value	  

Total	  α	  Ac?vity	  Index	  in	  Water	  
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Total	  β	  Ac)vity	  (Bq/m3)	  in	  Water	  
Date	   1	  Lab	  ext	   4	  Caverna	   5	  Entra	  dep	   7	  Hall	  A	  
Aug-‐11	   1,78E+01	   1,74E+02	   8,24E+01	   6,27E+01	  
Sep-‐11	   1,12E+01	   1,06E+02	   7,66E+01	   1,25E+02	  
Oct-‐11	   4,49E+01	   1,04E+02	   2,12E+02	   1,18E+02	  
Nov-‐11	   2,84E+01	   1,55E+02	   1,50E+02	   1,11E+02	  
Dec-‐11	   3,47E+01	   4,26E+01	   6,14E+01	   5,89E+01	  
Jan-‐12	   2,87E+01	   2,36E+02	   3,06E+02	   8,72E+01	  
Feb-‐12	   3,31E+01	   6,27E+01	   7,40E+01	   1,07E+02	  
Mar-‐12	   3,52E+01	   5,31E+01	   6,01E+01	   9,94E+01	  
Apr-‐12	   1,86E+01	   4,44E+01	   4,27E+01	   5,89E+01	  
May-‐12	   2,79E+01	   4,89E+01	   4,68E+01	   4,94E+01	  
Jun-‐12	   1,90E+01	   1,29E+02	   1,40E+02	   5,96E+01	  
Jul-‐12	   	  	   	  	   	  	   	  	  

Uncertainty	  
Auo-‐11	   1,43E+01	   1,92E+01	   1,72E+01	   1,44E+01	  
Sep-‐11	   2,17E+01	   3,07E+01	   2,50E+01	   2,75E+01	  
Oct-‐11	   2,29E+01	   2,51E+01	   3,10E+01	   2,59E+01	  
	  Nov-‐11	   1,70E+01	   2,53E+01	   2,30E+01	   2,11E+01	  
Dec-‐11	   1,77E+01	   2,02E+01	   2,11E+01	   1,83E+01	  
Jan-‐12	   1,78E+01	   3,53E+01	   3,52E+01	   2,08E+01	  
Feb-‐12	   2,33E+01	   2,47E+01	   2,90E+01	   2,70E+01	  
Mar-‐12	   2,34E+01	   2,74E+01	   2,31E+01	   2,66E+01	  
Apr-‐12	   1,75E+01	   1,85E+01	   2,21E+01	   1,93E+01	  
May-‐12	   2,08E+01	   2,51E+01	   2,24E+01	   2,56E+01	  
Jun-‐12	   2,02E+01	   2,73E+01	   2,69E+01	   2,24E+01	  
Jul-‐12	   	  	   	  	   	  	   	  	  

Total	  β	  Ac?vity	  Index	  in	  Water	  
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Limit	  value:	  
1000	  Bq/m3	  



Chemistry	  Lab	   	  	  

Parameter	   Units	  
Guiding	  
value	   	  	   Aug-‐11	   Sep-‐11	   Oct-‐11	   Nov-‐11	   Dec-‐11	   Jan-‐12	   Feb-‐12	   Mar-‐12	   Apr-‐12	   May-‐12	   Jun-‐12	   Jul-‐12	  

pH	  (20ºC)	   -‐	   6,5-‐9,5	   7,909	   8,201	   7,816	   8,333	   8,131	   7,143	   7,828	   8,291	   7,904	   8,28	   7,954	   8,185	  
Conduc?vity	  (20ºC)	   µS/cm	   2500	   260	   224	   212	   228	   125,6	   224	   231	   236	   266	   192,3	   205	   218	  
Oxidizable	  maher	   mg/L	   5	   8,27	   8,25	   7,8	   8,89	   8,9	   8,77	   8,46	   9,74	   8,8	   9,27	   8,86	   8,73	  
Nitrats	   mg/L	  NO3-‐	   50	   <	  1,0	   <	  1,0	   <	  1,0	   <	  1,0	   1	   <	  1	   1	   1,1	   <	  1	   <	  1,0	   <	  1	   <	  1	  
Nitrits	   mg/L	  NO2-‐	   0,5	   <	  0,01	   <	  0,01	   <	  0,01	   0,01	   0,01	   0,01	   0,02	   0,01	   <	  0,01	   <	  0,01	   <	  0,01	   <	  0,01	  
Iron	   mg/L	   0,2	   <	  0,10	   <	  0,10	   <	  0,10	   <	  0,10	   <	  0,10	   <	  0,1	   <	  0,1	   <	  0,1	   <	  0,1	   <	  0,1	   <	  0,1	   <	  0,1	  
Turbidity	   FAU	   1-‐5	  UNF	   -‐	   6	   <	  4	   7	   6	   <	  4	   <	  4	   <	  4	   <	  4	   <	  4	   <	  4	   <	  4	  
Amonium	   mg/L	  NH4-‐	   0,5	   <	  0,1	   <	  0,1	   <	  0,1	   <	  0,1	   <	  0,1	   <	  0,1	   <	  0,1	   <	  0,1	   <	  0,1	   <	  0,1	   <	  0,1	   <	  0,1	  
Sulphats	   mg/L	  SO42-‐	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   <	  20	   <	  20	   <	  20	   <	  20	  
Phosphats	   mg/L	  PO43-‐	   	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  10	   <	  0,2	   <	  0,2	   <	  0,2	   <	  0,2	   0,2	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Total	  hardness	   mg/L	  CaCO3	   300	   -‐	   160,2	   115,7	   172,66	   142,4	   131,72	   142,4	   178	   147,74	   133,5	   115,7	   80,1	  
Alcalinity	   mg/L	  CaCO3	   	  	   -‐	   124,6	   106,8	   124,6	   128,16	   124,6	   124,6	   115,7	   151,3	   133,5	   133,5	   121,04	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Total	  count	   UFC/100	  mL	   100	  UFC/	  mL	   2	   1	   7	   	  	   >	  300	   66	   54	   1	   2	   0	   0	   >	  200	  
Coliforms	   UFC/100	  mL	   0	   1	   1	   0	   	  	   1	   1	   1	   0	   1	   0	   0	   0	  

E.	  coli	   UFC/100	  mL	   0	  	  	   1	   1	   0	   	  	   1	   1	   1	   0	   1	   0	   0	   0	  

Water	  Quality	  Indicators:	  Physical,	  
Chemical,	  Microbiological	  Parameters	  
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To	  do	  
� Continue	  material	  screening	  for	  experiments.	  
� Clean	  shields	  and	  mount	  the	  2	  HpGe	  in	  Hall	  C.	  
� Buy	  materials	  and	  modify	  all	  mounted	  detectors	  
shields	  so	  that	  to	  include	  10	  cm	  of	  Cu	  and	  a	  door.	  

� MC	  studies	  of	  the	  detectors	  backgrounds.	  
� Design,	  mount,	  and	  test	  a	  better	  Rn	  shield	  made	  of	  
stainless	  steel.	  

� Continue	  monitoring	  Rn	  and	  environmental	  
parameters	  inside	  LSC	  and	  office	  building.	  

Underground	  Synergies	  2012	  Durham,	  UK	  




