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The NIST Water Calorimeter 



Application Note:  chamber calibration 
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• NIST water calorimeter terminates 
calibration chain for QA protocols in 
clinics/hospitals. 

• Calibration transferred to reference-
quality standards used in secondary 
calibration labs. 





BIPM Intercomparison Program: 
• Enables NMIs (like NIST) to declare calibration and measurement capabilities (CMCs) 
• Key comparisons and database (http://kcdb.bipm.org) 



Water Calorimetry at NIST 
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Experimental corrections 
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Heat Transport Corrections 
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Questions regarding existing remedies: 
• Would the system exhibit a stable, steady-state behavior? 

Interruptions to reestablish thermal equilibrium might not be necessary. 

• If so, to what extent would convection contribute? 
Possibility to operate at room temperature instead of 3.98 oC. 



Heat Transport 
• Beam: distributed heat 

source with semi-
empirical depth and 
transverse dose 
gradients. 

• Ext stirring: simulated 
by elevated thermal 
conductivity in 
unstirred water. 

• Heat transport: 
conduction only; no 
convection. 



Response to chopped 60Co beam 
-time domain 



Response to chopped 60Co beam 
-frequency domain 



kht  vs. shutter time (sec) 
- derived from simulation 
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Conduction-like behavior obtained at 
 low duty cycle (70s on, 1940 s off) 
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experimental data 

finite element simulation

50% duty cycle 

~4% duty cycle 



Heat Transport cont’d 

0.80

0.85

0.90

0.95

1.00

1.05

1.10

1.15

1.20

10 100 1000 10000

Shutter on time (s)

M
ea

su
re

d 
do

se
 ra

te
 (G

y/
m

in
)

Oct-09

May-Jul-2009

finite element
simulation 0.88

0.90
0.92
0.94
0.96
0.98

30 130 230 330

Variation of “apparent” dose rate with shutter freq/period demonstrates agreement with 
heat equation (i.e. conduction only) except at higher shutter periods. 
 

 steady-state operation at room temperature appears feasible at shorter exposure periods. 

Vessel removed 



Heat Defect 

N.V. Klassen and Carl K. Ross, J. Res. Natl. Inst.  
Stand. Techol. 107, 171-178 (2002). 

Causes: 
• Chemical reactions involving products of incident radiation 

and various dissolved species within the water 
 

Effect on signals: 
• Transient – can be huge (~100%). 
• Steady state – depends on dissolved species (0 to few %). 

 
Remedy: 

• H2 – saturated, high-purity water in a sealed glass vessel. 



Summary 
We convert from temperature rise to 
absorbed dose as follows: 
 
𝐷𝑤 = ∆𝑇𝑤 ∙ 𝑐𝑤 ∙ 𝑘ℎ𝑡 ∙ 𝑘𝑝 ∙ 𝑘𝑑𝑑 ∙

1

1−𝑘𝐻𝐷
   


