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Sodium Hydrosulfide – Holden MWTP 

Summary 
 

The mine water treatment plant located at Holden Mine will utilize a 30% sodium hydrosulfide 
(NaHS) solution as a source of sulfide for a supplemental metals removal process in the event 
conditions do not allow the main process to remove metals below the required effluent levels.  
The possible release of hydrogen sulfide (H2S) gas from the bulk solution storage tank has been 
identified as an issue of concern and this document outlines an analysis of different release 
scenarios.  Only three plausible release scenarios are outlined in this technical memo, largely 
because the requirements necessary to produce H2S gas from the 30% NaHS solution are 
extremely limiting.  Ultimately, there is little support for a release of H2S in quantities that would 
impact offsite (outside MWTP site boundary) receptors (e.g., people at Holden Village).   

 

NOTE: Although this technical memorandum, in outlining release scenarios, finds little risk 
for a H2S release from a 30% NaHS solution to Holden Village, it should not be interpreted as 
implying that 30% NaHS solution is not dangerous.  In all cases, proper safety protocols, and 
standard operating procedures should be followed.  Onsite personnel at the MWTP are most at 
risk, given their close proximity, and should be properly trained in handling the chemicals 
present as well as emergency response procedures.     

 

The three plausible H2S release scenarios for a 30% NaHS solution that were considered are: 

1. Rapid contact and mixing with sufficient quantities of a strong (>10 molar) acid, causing 
the generation of H2S gas.    

 
2. High solution temperatures.  (This scenario could include a fire similar to the 2015 

Wolverine Fire at Holden Village). 
 

3. Dilution with water in a spill/fire situation.  This scenario envisions a spill (perhaps 
during transport), release from secondary containment to storage pond, or localized fire in 
the immediate vicinity of the tank. 

 
The results for these release scenarios are summarized below.  

1. Rapid contact and mixing with sufficient quantities of a strong acid will cause the 
production and release of H2S gas.  However, given the lack of bulk acid at the site, this 
scenario is not likely. 
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2. High temperatures from a scenario like a long-burning, close proximity fire, could cause 
the NaHS solution to off-gas H2S.  However, there are two very important limiting 
factors:     

 
a. The first is the quantity of H2S within the NaHS solution, which is a negligible (< 

0.0001%) portion of the total sulfide mass in solution.  The maximum amount of 
release would be limited to the quantity of H2S in solution only. 

 
b. The second limiting factor is heat.  First, the temperature required to off-gas H2S 

requires elevating tank temperatures above 80°C which would take a minimum of 
three days with a consistent, close proximity heat source > 800°C. Although fires 
can burn for a long time, they tend to move around.  Another important point is 
that the autoignition temperature for H2S is 260°C.  In a forest fire situation, the 
H2S would oxidize (essentially, burn up into the air).  

 
3. Given that water is often the remedy for spills and small fires, this scenario contemplates 

diluting the solution with water.  This would drop the pH, but also dilute the solution, 
keeping the H2S dissolved (in liquid versus gas). 

 
The results of chemical calculations below show that 30% NaHS solution chemistry at pH = 11.5 
has very little H2S in the solution compared to the total sulfides in solution.  There is still, 
however, sufficient mass of H2S to impact onsite receptors.  The concentrations were found to be 
in the following amounts:   

  [H2S] = 8.8e-6   𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚
𝐿𝐿

 

  [HS-] = 8.6  𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚
𝐿𝐿

 

  [S2-] = 1.59  𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚
𝐿𝐿

 

The solution is strongly basic having been produced with a strong solution of sodium hydroxide 
greater than 10 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚

𝐿𝐿
 .  This prohibits the production of H2S from the sulfide species and is why 

the concentration of H2S is so low.  The concentration of the H2S is well below the solubility of 
H2S even at elevated temperatures which will further restrict releases under elevated temperature 
conditions.   

In conclusion, release of sufficient amounts of H2S from the MWTP that might impact offsite 
receptors does not appear to be possible under the scenarios investigated in this technical 
memorandum.   
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Introduction 
 

As part of the mine water treatment plant design at Holden Mine, there is a final process that will 
use sulfide addition to remove additional metals if the main process does not meet operating 
effluent metals concentrations.  The main process is lime and flocculant addition followed by 
aeration to produce metal hydroxides around a neutral pH.  The resulting flocs are removed in a 
high density sludge clarifier.  With enough iron oxides and contact time the main process should 
remove most of the metals. However, with certain conditions created by mixing of groundwater, 
mine water and flow rates, the addition of sulfide is necessary. 

NaHS Chemistry 
 

The source of sulfide for the mine water treatment plant is a 30% sodium hydrosulfide (NaHS) 
solution with an anticipated maximum daily usage of 8 gallons.  The 30% NaHS solution is a 
good storage formulation for a sulfide source since the high pH effectively prohibits the 
formation of the H2S species and leaves the sulfide available for reaction with metals in 
solutions. 

General NaHS Information 
NaHS may be produced by dissolving H2S in a strong sodium hydroxide solution. The solution is 
typically available in concentrations ranging from 20-59 % by weight.  These solutions have a 
freezing point between 0 and 80 °F with boiling points ranging from 220 to 260 °F. 

The proposed 30% solution will have a freezing point of ~ 0°F and a boiling point of ~ 235°F.   

Oxygen can react with the sulfide in solution turning the solution yellow to dark green.  Weak 
(3-5%) hydrogen peroxide solution will oxidize the sulfides and can be used to mitigate H2S in a 
spill situation. 

A confined head space can accumulate levels of H2S gas which has a wide flammable range of 
4% to 44% by volume in air.   

NaHS is a strong base with a pH between 11.5 and 12.5.   

Sources: Wireless Information System for Emergency Responders (WISER) created by the 
National Library of Medicine.  http://wiser.nlm.nih.gov 

Version: 5.0.9 

Database Version: 5.0.2 

and “Technical Guide for Solutions of Sodium Hydrosulfide”  TDC, LLC, www.tdc-home.com, 
800-422-6274. 

http://wiser.nlm.nih.gov/
http://www.tdc-home.com/
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Hydrogen Sulfide Chemistry 
H2S is a diprotic acid in solution with the following reactions. 

H2S + H2O ↔  H+  +  HS- pK1 = 7.04 

HS-  +  H2O ↔ H+  +  S2-  pK2 = 11.96 

Henry’s law constant = 9.8 L atm/mole at 25°C 

Note that pK2 will vary with concentration of NaOH and production conditions pertaining to CO2 
levels and temperature.  See  Mamrosh, D., Beitler C., Fisher, K., and Stem, S., 2008,“Consider 
Improved Scrubbing Designs for Acid Gases:  Better application of process chemistry enables 
efficient sulfur abatement”, Hydrocarbon Processing, January 2008.  
www.hydrocarbonprocessing.com 

H2S  Solubility and Temperature 
A temperature increase can reduce the solubility of the H2S and release that species but the 
dissolved phase of H2S in a 30% NaHS solution is well below the solubility even at higher 
temperatures.  The following graph was produced using the solubility equation for H2S from 
“Solubility of Selected Gases in Water” by L.H.Geventman.  Here the solubility at 100°C 
(373.15 K) is above 0.0005 (5e-4) mole fraction.  The liquid phase mole fraction of the 30% 
NaHS solution is 1.6e-7 which is well below the solubility (5e-4) at 100°C.  

In addition to having concentrations below the maximum solubility, the process will be limited 
once the concentration has been exhausted since the high pH does not allow for more sulfide to 
form H2S to be available for off-gassing.  Also, without agitation of the liquid, the release of gas 
at the gas-liquid interface will rapidly become diffusion limited on the liquid side and will take 
many days to fully release the dissolved gas.   

http://www.hydrocarbonprocessing.com/
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30% Sodium Hydrosulfide (NaHS) Chemistry 
NaHS solutions represent a storage chemistry for sulfide via strong base solutions such as 
sodium hydroxide (NaOH).  To determine the chemistry of a 30% by weight solution of NaHS 
produced with NaOH, it was useful to perform chemical equilibrium calculations for solutions 
with pH = 11.5 and pH = 12.5.  This pH range is described in a typical safety data sheet (SDS) 
for NaHS solutions.   

Preliminary chemical equilibrium modeling was performed using PHREEQC Version 3.0 by 
USGS.  Documentation and computer programs may be downloaded at the link below.  All 
output with input conditions are in Appendices A and B. 

https://wwwbrr.cr.usgs.gov/projects/GWC_coupled/phreeqc/  

The purpose of the modeling was to 

1. Understand sodium and sulfide solution chemistry of a 30% by weight NaHS solution at 
a pH of 11.5 to 12.5. 

 
2. Develop a preliminary estimate of species distribution due to temperature increase. 

https://wwwbrr.cr.usgs.gov/projects/GWC_coupled/phreeqc/
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3. Develop a preliminary estimate of species distribution as the solution is diluted and pH 
approaches 7.0. 

 
The tables below summarize the results for the conditions in the tank.  The 30% NaHS solution 
volume was assumed to be 14,939 L (3946.5 gal).  This is based upon a 4385 gallon tank 
capacity at 90% fill.  The 4385 gallon tank capacity is described in subsection 2.9A.1.1 Sulfide 
Reagent Storage System of section 2.9A System 900A – Sulfide Reagent Storage and Feed in 
Operating and Maintenance Manual Mine Water Treatment Plant, Holden Mine, March 2016. 

 

 

 

The model calculations also estimated that the solution would be a strong base equivalent to a 12 
molar NaOH solution for pH of 11.5 and a 19 molar NaOH solution for a pH of 12.5.  

As can be seen from the mole fraction calculations, the mass of sulfide as H2S in solution is 
negligible compared to the total mass of sulfide in the system.  There is, however, sufficient 
mass in this state to produce a gas phase concentration in a head space that would present a risk 
to nearby workers (onsite receptors).  There is not, however, sufficient mass to produce a plume 
to threaten offsite receptors.   

See appendix B for complete model input and output for chemical speciation and other physical 
parameters of a pH = 11.5, 30% NaHS solution that is diluted with water through 3 orders of 
magnitude.  It is important to note here that PHREEQC performs solution mixing on a mass 
basis.  Hence the dilution reported in the table is on a mass basis and when converted to a 
volume basis it is not direct due to changes in fluid density.  The table below summarizes the 
results of the dilutions.   

 

pH 11.5
Species mole/L Mole Fraction Total Moles
H2S 8.88E-06 1.60E-07 1.33E-01
HS- 8.36E+00 1.51E-01 1.25E+05
S2- 1.59E+00 2.87E-02 2.38E+04

pH 12.5
Species mole/L Mole Fraction Total Moles
H2S 5.80E-08 1.05E-09 8.67E-04
HS- 3.72E+00 6.70E-02 5.56E+04
S2- 7.45E+00 1.34E-01 1.11E+05



 

Page 7 of 62 
 

 

 

Here it can be seen that diluting the mass with 100 times the original mass in water does not 
change the pH much but does lower the corresponding concentrations as would be expected.  
The total moles of sulfide change slightly as sulfate species are in play with the dilution.   

This also demonstrates the strength of the high pH solution and the need for a strong acid (> 10 
molar) to affect pH with a comparable volume.   

Heat Transfer 
 

Heat transfer calculations were performed to estimate energy and time requirements needed to 
increase the temperature of the tank.  In the specifications found on page 63 section 2.9A.1.1 of 
the Operating and Maintenance Manual, Mine Water Treatment Plant, Holden Mine, Revision 0, 
March 2016, the tank has a factory-applied spray-on foam insulation polyurethane foam with a 
minimum “R” value of 6.3/inch.   

The tank dimensions are also listed here as 10 feet 2.5 inches in diameter and a height of 10 feet.  
From this the radius can be calculated to be 155.6 cm and the height is 304.8 cm.  Top surface 
area is 7.6e4 cm2 and the lateral surface area is 2.98e5 cm2.  For this analysis it was assumed that 
the top of the tank contributes to the heat transfer at the same rate as the lateral sides.  This is 
conservative since the top will have some head space between the top of the tank and the liquid 
which would provide an additional heat transfer resistance to the calculation.  The total surface 
area is estimated to be 3.74e5 cm2.   

The standard heat transfer equation can be written below as 

 

𝑞𝑞 =  𝑈𝑈𝐴𝐴∆𝑇𝑇 

Species Dilution mole/L Total Moles pH Liters Gallons
H2S 0 8.88E-06 1.33E-01 11.5 14939 3946.5
HS- 0 8.36E+00 1.25E+05 11.5 14939 3946.5
S2- 0 1.59E+00 2.38E+04 11.5 14939 3946.5
H2S 1.00E-01 6.67E-06 9.96E-01 11.616 1.49E+05 39465
HS- 1.00E-01 6.99E-01 1.04E+05 11.616 1.49E+05 39465
S2- 1.00E-01 1.21E-01 1.80E+04 11.616 1.49E+05 39465
H2S 1.00E-02 1.69E-06 2.52E+00 11.455 1.49E+06 394650
HS- 1.00E-02 7.42E-02 1.11E+05 11.455 1.49E+06 394650
S2- 1.00E-02 5.22E-03 7.79E+03 11.455 1.49E+06 394650
H2S 1.00E-03 1.82E-05 2.72E+02 9.515 1.49E+07 3946500
HS- 1.00E-03 7.73E-03 1.15E+05 9.515 1.49E+07 3946500
S2- 1.00E-03 4.29E-06 6.41E+01 9.515 1.49E+07 3946500

Total Volume
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Where 

 𝑞𝑞 = ℎ𝑒𝑒𝑒𝑒𝑒𝑒 𝑒𝑒𝑡𝑡𝑒𝑒𝑡𝑡𝑡𝑡𝑡𝑡𝑒𝑒𝑡𝑡 𝑡𝑡𝑒𝑒𝑒𝑒𝑒𝑒 (𝑤𝑤𝑒𝑒𝑒𝑒𝑒𝑒𝑡𝑡,𝑊𝑊) 

𝑈𝑈 = 𝑜𝑜𝑜𝑜𝑒𝑒𝑡𝑡𝑒𝑒𝑜𝑜𝑜𝑜 𝑐𝑐𝑜𝑜𝑒𝑒𝑡𝑡𝑡𝑡𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑡𝑡𝑒𝑒 𝑜𝑜𝑡𝑡 ℎ𝑒𝑒𝑒𝑒𝑒𝑒 𝑒𝑒𝑡𝑡𝑒𝑒𝑡𝑡𝑡𝑡𝑡𝑡𝑒𝑒𝑡𝑡 �
𝑊𝑊
𝑚𝑚2𝐾𝐾

� 

𝐴𝐴 = 𝑒𝑒𝑡𝑡𝑒𝑒𝑒𝑒 (𝑚𝑚2) 

𝑇𝑇 = 𝑒𝑒𝑎𝑎𝑡𝑡𝑜𝑜𝑜𝑜𝑎𝑎𝑒𝑒𝑒𝑒 𝑒𝑒𝑒𝑒𝑚𝑚𝑡𝑡𝑒𝑒𝑡𝑡𝑒𝑒𝑒𝑒𝑎𝑎𝑡𝑡𝑒𝑒 (𝐾𝐾) 

Insulated Tank  
RUS in US units is equal to 5.678 times RSI in SI units which yields RSI = 2.22 using the R value 
reported above and assuming 2 inches of insulation.  Assuming a wildfire with a temperature of 
800° C = 1073K and assuming a beginning temperature of 20°C = 293K yields ΔT = 780K.  
With a surface area of 3.74e5 cm2 = 37.4 m2 the resulting heat transfer rate is 13,141 W.   

The specific heat capacity for a 30% solution of NaOH ranges from about 0.84 to 0.88 𝑐𝑐𝑐𝑐𝑚𝑚
𝑔𝑔°𝐶𝐶

.  

Using a middle value of 0.86 𝑐𝑐𝑐𝑐𝑚𝑚
𝑔𝑔°𝐶𝐶

 and a density of 1.25 g/L for a 30% NaHS solution yields a 

specific heat capacity of 4.5 𝐽𝐽
𝑚𝑚𝐿𝐿°𝐶𝐶

.  To raise the temperature of 14,939L (tank capacity) of 30% 
NaHS from 20°C to 80°C will require 4.0033x109 J.  With the calculated 13,141W heat transfer 
rate it will take approximately 3.5 days to raise the temperature 60°C from 20°C to 80°C.   

Uninsulated Tank 
There is one more thing to consider with this scenario.  Application of such an intense external 
heat source will consume the externally applied polyurethane foam insulation since the 
polyurethane foam will decompose above 180°C and has a flash ignition point of between 315°C 
and 370°C and an autoignition point between 370°C and 427°C.   

Without the insulation the tank material will be the only heat transfer material to consider.  Note 
that this was neglected in the insulated tank calculation above making the time estimate 
conservative.  R values were difficult to obtain for cross-linked high density polyethylene and a 
fiberglass sheet value of RUS = 2.5/in was selected.  Assuming a tank wall thickness of 0.5 in. an 
RSI = 0.22 was calculated.  The resulting heat transfer rate was found to be 1.3e5 W which 
corresponds to an 8.6 hour heat up period to 80°C.   

The difficulty with both of the above scenarios is that cross-linked high density polyethylene is 
not rated for use above 60°C to 65°C.  At some point the tank will fail and the contents will flow 
into the secondary containment which is concrete on the ground.  This will essentially stop the 
heating process since the secondary containment will provide adequate heat transfer to the 
ground to prevent additional temperature increases.   
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Mass Transfer 
 

Mass transfer describes the movement of the constituent of concern in liquid and gas phases and 
across the gas-liquid interface.  In this discussion the transport of H2S in the liquid phase will be 
examined.  With no mixing only diffusion processes will be considered.  This will be a limiting 
case since in many situations there may be advection as well such as convective currents during a 
heating process.   

Fourier Number 
The liquid side mass transfer resistance was investigated through a quick check with the Fourier 
number.  When mass transfer has gone on for a sufficient amount of time the process approaches 
equilibrium and the Fourier number is approximately equal to one.   

1 =  
𝑧𝑧2

√𝒟𝒟𝑒𝑒
 

𝑧𝑧 = 𝑜𝑜𝑒𝑒𝑡𝑡𝑙𝑙𝑒𝑒ℎ (𝑐𝑐𝑚𝑚) 

𝒟𝒟 = 𝑑𝑑𝑐𝑐𝑡𝑡𝑡𝑡𝑎𝑎𝑡𝑡𝑐𝑐𝑜𝑜𝑡𝑡 𝑐𝑐𝑜𝑜𝑒𝑒𝑡𝑡𝑡𝑡𝑐𝑐𝑒𝑒𝑡𝑡𝑒𝑒 �
𝑐𝑐𝑚𝑚2

𝑡𝑡𝑒𝑒𝑐𝑐
� 

𝑒𝑒 = 𝑒𝑒𝑐𝑐𝑚𝑚𝑒𝑒 (𝑡𝑡𝑒𝑒𝑐𝑐) 

From this equation a time to diffuse to a certain depth or the depth of diffusion for a given time 
may be estimated.  The Fourier number indicates 6 months to go 17.6 cm or 16 years to go 100 
cm for diffusion in water.   

Diffusion Models 
Two models were also investigated to determine H2S mass transport in the liquid phase.  One 
was diffusion into a semi-infinite domain which represents unsteady diffusion and the other was 
decay of a pulse.  Both of these models give some indication of the diffusion transport speed in 
solution.  The comparison of these models to the tank situation is based upon the hypothesis that 
when the upper layer near the gas-liquid interface is depleted of H2S, the diffusion from the 
lower volume will proceed at a rate similar to those estimated in these models for a semi-infinite 
domain.   

See the following sections for a description of the partial differential equation, boundary 
conditions, and analytical solution.  Computer script for the output was written in language that 
can be run in Matlab or Octave.  See Appendix C for a copy of the scripts. 
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Semi-infinite 
The partial differential equation along with the appropriate spatial and temporal boundary 
conditions is listed below.  For the semi-infinite case, the following graph shows the 
concentration of H2S versus depth for various times up to 190 years.   Two of these profiles were 
selected and were used to predict a velocity of the front where there is zero concentration.  See 
the second graph.  This velocity was calculated to be 0.18 cm/day. 

𝜕𝜕𝑐𝑐
𝜕𝜕𝜕𝜕

 = 𝒟𝒟 𝜕𝜕
2𝑐𝑐

𝜕𝜕𝑧𝑧2
 

𝑐𝑐(𝑧𝑧, 0) = 𝑐𝑐∞ = 0  where 𝑧𝑧 ∊  [0,∞) 

𝑐𝑐(0, 𝑒𝑒) = 𝑐𝑐∘ 𝑤𝑤ℎ𝑒𝑒𝑡𝑡𝑒𝑒  𝑒𝑒 ∊  (0,∞) 

𝑐𝑐(∞, 𝑒𝑒) = 𝑐𝑐∞ = 0 𝑤𝑤ℎ𝑒𝑒𝑡𝑡𝑒𝑒 𝑒𝑒 > 0  

𝑐𝑐(𝑧𝑧, 𝑒𝑒) = 𝑐𝑐∘ −  𝑐𝑐∘𝑒𝑒𝑡𝑡𝑡𝑡 �
𝑧𝑧

√4𝒟𝒟𝑒𝑒
� =  𝑐𝑐∘𝑒𝑒𝑡𝑡𝑡𝑡𝑐𝑐 �

𝑧𝑧
√4𝒟𝒟𝑒𝑒

� 

𝑒𝑒𝑡𝑡𝑡𝑡(𝑥𝑥) =  
2
√𝜋𝜋

�𝑒𝑒−𝑚𝑚2𝑑𝑑𝑡𝑡
𝑥𝑥

0

 

𝑒𝑒𝑡𝑡𝑡𝑡𝑐𝑐(𝑥𝑥) = 1 − 𝑒𝑒𝑡𝑡𝑡𝑡 (𝑥𝑥) 

𝑐𝑐(𝑧𝑧, 𝑒𝑒) = 𝑐𝑐𝑜𝑜𝑡𝑡𝑐𝑐𝑒𝑒𝑡𝑡𝑒𝑒𝑡𝑡𝑒𝑒𝑒𝑒𝑐𝑐𝑜𝑜𝑡𝑡 𝑒𝑒𝑡𝑡 𝑒𝑒 𝑡𝑡𝑎𝑎𝑡𝑡𝑐𝑐𝑒𝑒𝑐𝑐𝑜𝑜𝑡𝑡 𝑜𝑜𝑡𝑡 𝑡𝑡𝑜𝑜𝑡𝑡𝑐𝑐𝑒𝑒𝑐𝑐𝑜𝑜𝑡𝑡 𝑒𝑒𝑡𝑡𝑑𝑑 𝑒𝑒𝑐𝑐𝑚𝑚𝑒𝑒 

𝑧𝑧 = 𝑜𝑜𝑒𝑒𝑡𝑡𝑙𝑙𝑒𝑒ℎ (𝑐𝑐𝑚𝑚) 

𝒟𝒟 = 𝑑𝑑𝑐𝑐𝑡𝑡𝑡𝑡𝑎𝑎𝑡𝑡𝑐𝑐𝑜𝑜𝑡𝑡 𝑐𝑐𝑜𝑜𝑒𝑒𝑡𝑡𝑡𝑡𝑐𝑐𝑒𝑒𝑡𝑡𝑒𝑒 �
𝑐𝑐𝑚𝑚2

𝑡𝑡𝑒𝑒𝑐𝑐
� 

𝑒𝑒 = 𝑒𝑒𝑐𝑐𝑚𝑚𝑒𝑒 (𝑡𝑡𝑒𝑒𝑐𝑐) 
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Pulse Decay Model 
Using the pulse decay model, the profiles from selected times ranging from 134 to 6944 days are 
graphed.  From this graph two profiles were selected to calculate a velocity for the diffusion 
front.  See the second graph.  The velocity was found to be about 0.25 cm/day. 

𝜕𝜕𝑐𝑐
𝜕𝜕𝜕𝜕

 = 𝒟𝒟 𝜕𝜕
2𝑐𝑐

𝜕𝜕𝑧𝑧2
 

𝑐𝑐(∞, 𝑒𝑒) = 𝑐𝑐∞ = 0 𝑤𝑤ℎ𝑒𝑒𝑡𝑡𝑒𝑒 𝑒𝑒 > 0  

𝑐𝑐(0,0) =  
𝑀𝑀
𝐴𝐴

 𝛿𝛿(𝑧𝑧) 

𝜕𝜕𝑐𝑐
𝜕𝜕𝑧𝑧
�
𝑧𝑧=0

𝑤𝑤ℎ𝑒𝑒𝑡𝑡𝑒𝑒 𝑒𝑒 > 0 

𝑐𝑐(𝑧𝑧, 𝑒𝑒) =  
𝑀𝑀
𝐴𝐴

√4𝜋𝜋𝒟𝒟
𝑒𝑒
−𝑧𝑧2
4𝜋𝜋𝒟𝒟 

𝛿𝛿(𝑧𝑧) = 𝐷𝐷𝑐𝑐𝑡𝑡𝑒𝑒𝑐𝑐 𝑑𝑑𝑒𝑒𝑜𝑜𝑒𝑒𝑒𝑒 𝑡𝑡𝑎𝑎𝑡𝑡𝑐𝑐𝑒𝑒𝑐𝑐𝑜𝑜𝑡𝑡 

𝑀𝑀 = 𝑒𝑒𝑜𝑜𝑒𝑒𝑒𝑒𝑜𝑜 𝑚𝑚𝑒𝑒𝑡𝑡𝑡𝑡 
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𝐴𝐴 = 𝑐𝑐𝑡𝑡𝑜𝑜𝑡𝑡𝑡𝑡 − 𝑡𝑡𝑒𝑒𝑐𝑐𝑒𝑒𝑐𝑐𝑜𝑜𝑡𝑡𝑒𝑒𝑜𝑜 𝑒𝑒𝑡𝑡𝑒𝑒𝑒𝑒 𝑡𝑡𝑜𝑜𝑡𝑡 𝑑𝑑𝑐𝑐𝑡𝑡𝑡𝑡𝑎𝑎𝑡𝑡𝑐𝑐𝑜𝑜𝑡𝑡 

𝑐𝑐(𝑧𝑧, 𝑒𝑒) = 𝑐𝑐𝑜𝑜𝑡𝑡𝑐𝑐𝑒𝑒𝑡𝑡𝑒𝑒𝑡𝑡𝑒𝑒𝑒𝑒𝑐𝑐𝑜𝑜𝑡𝑡 𝑒𝑒𝑡𝑡 𝑒𝑒 𝑡𝑡𝑎𝑎𝑡𝑡𝑐𝑐𝑒𝑒𝑐𝑐𝑜𝑜𝑡𝑡 𝑜𝑜𝑡𝑡 𝑡𝑡𝑜𝑜𝑡𝑡𝑐𝑐𝑒𝑒𝑐𝑐𝑜𝑜𝑡𝑡 𝑒𝑒𝑡𝑡𝑑𝑑 𝑒𝑒𝑐𝑐𝑚𝑚𝑒𝑒 

𝑧𝑧 = 𝑜𝑜𝑒𝑒𝑡𝑡𝑙𝑙𝑒𝑒ℎ (𝑐𝑐𝑚𝑚) 

𝒟𝒟 = 𝑑𝑑𝑐𝑐𝑡𝑡𝑡𝑡𝑎𝑎𝑡𝑡𝑐𝑐𝑜𝑜𝑡𝑡 𝑐𝑐𝑜𝑜𝑒𝑒𝑡𝑡𝑡𝑡𝑐𝑐𝑒𝑒𝑡𝑡𝑒𝑒 �
𝑐𝑐𝑚𝑚2

𝑡𝑡𝑒𝑒𝑐𝑐
� 

𝑒𝑒 = 𝑒𝑒𝑐𝑐𝑚𝑚𝑒𝑒 (𝑡𝑡𝑒𝑒𝑐𝑐) 
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Plume Model 
 

To examine the threat from the H2S in a 30% NaHS solution at pH = 11.5, the total amount of 
dissolved H2S was assumed to be instantaneously released.  It should be noted here that the 
previous section demonstrates that this is not likely.    

The Pasquil-Gifford puff model in one dimension was used to determine downwind 
concentrations.  A 12 m/s wind with stable (little mixing) condition was selected.  The dispersion 
coefficients were derived from a linear regression of the figures 8.8 and 8.9 pages 416 and 417 
found in Air Pollution Control by Cooper and Alley.  See Appendix D for the script used to 
generate the graphs below. 

 

𝐶𝐶(𝑥𝑥, 𝑒𝑒) =
𝑄𝑄𝑚𝑚

√2𝜋𝜋2/3𝜎𝜎𝑥𝑥𝜎𝜎𝑦𝑦𝜎𝜎𝑧𝑧
𝑒𝑒�−

1
2��

𝑥𝑥−𝑢𝑢𝜕𝜕
𝜎𝜎𝑥𝑥

�
2
�� 
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𝐶𝐶(𝑥𝑥, 𝑒𝑒) = 𝑐𝑐𝑜𝑜𝑡𝑡𝑐𝑐𝑒𝑒𝑡𝑡𝑒𝑒𝑡𝑡𝑒𝑒𝑒𝑒𝑐𝑐𝑜𝑜𝑡𝑡 �
𝑚𝑚𝑙𝑙
𝑚𝑚3� 

𝜎𝜎𝑥𝑥 =  𝜎𝜎𝑦𝑦 = 9.44𝑥𝑥 + 1.5 (𝑥𝑥 𝑐𝑐𝑡𝑡 𝑘𝑘𝑚𝑚) 

𝜎𝜎𝑧𝑧 = 3.2𝑧𝑧 + 0.75 (𝑧𝑧 𝑐𝑐𝑡𝑡 𝑘𝑘𝑚𝑚) 

 

The graph below shows the concentration profile at 1500m with a maximum concentration of 
less than 0.5ppm.  This concentration is less than the threshold value for an 8 hour time weighted 
average of 1ppm. 

 

 

For the onsite exposure situation, the release will be below the IDLH within 200m of the release 
which will occur in less than 10 seconds.  See the following graph. 
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Discussion 
 

Using the understanding of species distribution from the NaHS chemistry section, estimates of 
release mass and rate under changes in condition could be considered.  The case with strong acid 
was not considered since there is no source for this at the site. 

For a 30% by weight NaHS solution at a pH of 11.5, there will be approximately 8.88e-6 moles
𝐿𝐿

  

of H2S in solution while there are 9.95 moles
𝐿𝐿

  of sulfide in solution.  With the given Henry’s Law 
constant a concentration of 87 ppm is estimated for a closed headspace such as the storage tank.  
The total mass of H2S available in the tank is 0.133 moles H2S or 5.42 g H2S.  The volume of air 
needed to dilute this amount down to the IDLH of 100ppm is approximately 35m3 (46 yd3 or 
10,000gal).   This volume would not have sufficient radius to reach the boundaries of the plant 
site. 
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The ability to release this total amount in a reasonable time frame such as an hour is not feasible 
due to liquid side mass transfer resistance.  Diffusion times for a meter below the surface can be 
on the order of years if no advection is present.   

Heating the tank will not be successful in releasing this amount very fast either since the heating 
time to raise the tank temperature from 20°C to 80°C using an 800° C heat source is more than 3 
days.  In addition, the solubility of H2S is 3.74 g

𝐿𝐿
 at 21°C while the concentration of H2S in the 

30% solution is 3e-4 g
𝐿𝐿
 at 21°C which means there is little chance that the solution will become 

supersaturated.  

NaHS solutions may also be a byproduct of caustic scrubbers in the oil industry where H2S 
removal occurs using the caustic solutions at temperatures as high as 100°C.  This helps illustrate 
the robustness of the solution as an absorbent of H2S and storage chemistry of sulfides. 

Release scenarios 2 and 3 may both have localized releases that are close to the IDLH (100ppm) 
for near tank workers exposed to the head space of a closed tank but the majority of the sulfide 
will remain in solution as HS- and S2- and cannot be released as H2S.  An analysis of the 
chemistry of the NaHS solution reveals that under conditions that lower the pH either by strong 
acid addition or dilution it will retain greater than 90% of sulfide in solution until pH drops 
below 7.  In the event of lower pH from dilution, the volume of water necessary to reduce the pH 
will allow for any H2S produced to remain in solution.  Also, any production of H2S from 
sulfides will result in the consumption of H+ which will raise the pH slowing the production, and 
subsequent release, of H2S.  This significantly reduces the mass of H2S that can be produced and 
there is little threat to offsite receptors. 

Under release scenario 2, heat transfer calculations indicate that there is a period of days needed 
to raise the temperature of the tank contents to sufficient levels required for off-gassing of H2S.  
The total amount of H2S that could off-gas would be less than 6 grams which would impact at 
most 35 cubic meters (1236 cubic feet) of local air space before being diluted below the IDLH of 
100ppm.  In the absence of mixing or significant convective currents in the liquid phase, 
diffusional mass transfer on the liquid side of the gas-liquid interface will limit release due to 
liquid side mass transfer limitations.  This will further reduce the release rate of any dissolved 
H2S. 

A 30% solution of sodium hydrosulfide (NaHS) can only release large amounts of H2S gas if 
mixed with sufficient amounts of a strong acid.  Other release scenarios such as heating will take 
much longer (on the order of days for the insulated tank) and in the case of open flame or high 
temperature any produced H2S gas will autoignite at 260° C.  With the absence of acid at the 
plant, the use of NaHS is considered safe from this scenario.   
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In the event of an accidental release such as an accident during transport, the main threat to 
emergency responders is from the high pH since the 30% solution is also greater than a 10 molar 
sodium hydroxide solution and represents a strong base.  Emergency response would follow 
accepted guidelines for NaHS spills as outlined by a standard SDS or more specific instructions 
from the manufacturer.  Residual reactive sulfides can be oxidized with a weak (3-5%) hydrogen 
peroxide solution.  This will prevent further generation of H2S from the solution but the amount 
of hydrogen peroxide to sulfide needs to be at a 4:1 molar ratio.  This would require 27L of 5% 
hydrogen peroxide for every liter of 30% NaHS.   

If an emergency scenario includes excess water such as from firefighting, drainage of secondary 
contaiment to the storage pond, or release to the lake, the dilution of the 30% solution is 
sufficient to maintain the hydrogen sulfide in solution as the pH drops.  While H2S is of concern 
for emergency response personnel on the scene, the development of a significant plume that can 
affect offsite receptors is unlikely to occur. 

Conclusions 
 

The three plausible H2S release scenarios for a 30% NaHS solution that were considered are: 

1. Rapid contact and mixing with sufficient quantities of a strong (>10 molar) acid, causing 
the generation of H2S gas.    

 
2. High solution temperatures.  (This scenario could include a fire similar to the 2015 

Wolverine Fire at Holden Village). 
 

3. Dilution with water in a spill/fire situation.  This scenario envisions a spill (perhaps 
during transport), release from secondary containment to storage pond, or localized fire in 
the immediate vicinity of the tank. 

 
The results for these release scenarios are summarized below.  

1. Rapid contact and mixing with sufficient quantities of a strong acid will cause the 
production and release of H2S gas.  However, given the lack of bulk acid at the site, this 
scenario is not likely. 

 
2. High temperatures from a scenario like a long-burning, close proximity fire, could cause 

the NaHS solution to off-gas H2S.  However, there are two very important limiting 
factors:     

 
a. The first is the quantity of H2S within the NaHS solution, which is a negligible (< 

0.0001%) portion of the total sulfide mass in solution.  The maximum amount of 
release would be limited to the quantity of H2S in solution only. 
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b. The second limiting factor is heat.  First, the temperature required to off-gas H2S 
requires elevating tank temperatures above 80°C which would take a minimum of 
three days with a consistent, close proximity heat source > 800°C.  Although fires 
can burn for a long time, they tend to move around.  Another important point is 
that the autoignition temperature for H2S is 260°C.  In a forest fire situation, the 
H2S would oxidize (essentially, burn up into the air).  

 
3. Given that water is often the remedy for spills and small fires, this scenario contemplates 

diluting the solution with water.  This would drop the pH, but also dilute the solution, 
keeping the H2S dissolved (in liquid versus gas). 

 
The results of chemical calculations below show that 30% NaHS solution chemistry at pH = 11.5 
has very little H2S in the solution compared to the total sulfides in solution.  There is still, 
however, sufficient mass of H2S to impact onsite receptors.  The concentrations were found to be 
in the following amounts:   

  [H2S] = 8.8e-6   𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚
𝐿𝐿

 

  [HS-] = 8.6  𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚
𝐿𝐿

 

  [S2-] = 1.59  𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚
𝐿𝐿

 

The solution is strongly basic having been produced with a strong solution of sodium hydroxide 
greater than 10 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚

𝐿𝐿
 .  This prohibits the production of H2S from the sulfide species and is why 

the concentration of H2S is so low.  The concentration of the H2S is well below the solubility of 
H2S even at elevated temperatures which will further restrict releases under elevated temperature 
conditions.   

Heat transfer calculations were performed on the tank with the specified insulation.  The results 
reveal that to raise the tank temperature to 80°C from 20°C with an 800°C external heat source it 
will take more than 3 days.  During this time, any H2S that would escape will oxidize since the 
autoignition temperature for H2S is 260°C. 

Calculations and models were examined to estimate liquid mass transport of H2S in solution.  
Results indicate that if conditions are quiescent the release of gas phase H2S will be reduced 
quickly due to diffusional resistance to H2S transport in the liquid phase.  Estimates from the 
Fourier number indicate that only the top 20 cm of the tank would be depleted of H2S in 6 
months.  More detailed analyses indicate a transport velocity of 0.18 to 0.25 𝑐𝑐𝑚𝑚

𝑑𝑑𝑐𝑐𝑦𝑦
 in the liquid 

phase.  All of this demonstrates the inability of the 30% NaHS solution to release the amount of 
H2S in solution instantaneously.  
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A puff release model was evaluated to consider whether the mass of H2S in solution could 
impact offsite receptors if all of it could be released at once (which is not plausible).  The results 
show with a strong wind and stable conditions that the concentrations will be below the 100 ppm 
IDLH limit within 200m of the tank.  With no wind or air movement, the amount of H2S that 
could theoretically be released could not occupy a volume of air greater than 35 m3 and still be 
above the IDLH of 100ppm. 

The assumptions and calculations in this document attempt to provide a conservative estimate for 
the production and transport of hydrogren sulfide in a 30% sodium hydrosulfide solution.  More 
rigorous calculations could be investigated, however the results indicating limited production of 
hydrogen sulfide from the sulfide solution and minimal release to the gas phase are unlikely to 
change.   

In conclusion, release of sufficient amounts of H2S from the MWTP that might impact offsite 
receptors does not appear to be possible under the scenarios investigated in this technical 
memorandum. 

 

NOTE: Although this technical memorandum, in outlining release scenarios, finds little risk 
for a H2S release from a 30% NaHS solution to Holden Village, it should not be interpreted as 
implying that 30% NaHS solution is not dangerous.  In all cases, proper safety protocols, and 
standard operating procedures should be followed.  Onsite personnel at the MWTP are most at 
risk, given their close proximity, and should be properly trained in handling the chemicals 
present as well as emergency response procedures.     

 

 

  



 

Page 21 of 62 
 

References 
Cooper, D. C., and Alley, F.C., 2002. Air Pollution Control (3rd Edition).  Waveland Press. 

Cussler, E. L., 1997.  Diffusion Mass Transfer in Fluid Systems, 2nd Edition, Cambridge 
University Press. 

Gevantman, L. H., Solubility of Selected Gases in Water.  
https://sites.chem.colostate.edu/diverdi/all_courses/CRC%20reference%20data/solubility%20of
%20gases%20in%20water.pdf 

Lindeburg, Michael R. 1992.  Engineer-in-Training Reference Manual. Professional 
Publications, Inc.  Belmont, CA. 

Mamrosh, D., Beitler, C., Fisher, K., and Stem, S., 2008. Consider Improved Scrubbing Designs 
for Acid Gases: Better application of process chemistry enables efficient sulfur abatement. 
Hydrocarbon Processing, January 2008, Pages 69-74.  Gulf Publishing Company. 

Operating and Maintenance Manual, Mine Water Treatment Plant, Holden Mine, Revision 0, 
March 2016 

Perry, Robert H., 1997. Perry’s Chemical Engineers’ Handbook 7th Edition.  The McGraw-Hill 
Companies, Inc.   

TDC, LLC. Technical Guide for Solutions of Sodium Hydrosulfide. TDC a Genesis Energy 
Company, 1916 Farmerville Highway, Ruston, Louisiana, 71270.  www.tdc-home.com.   

  

http://www.tdc-home.com/


 

Page 22 of 62 
 

 

Appendix A:  30%  NaHS PHREEQC model results 
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pH 11.5 
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pH 12.5 
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Appendix B.  11.5% NaHS solution dilution runs with PHREEQC 
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1e-1 dilution 
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1e-2 dilution 
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1e-3 dilution 
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Appendix C. Diffusion Models Script 
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Appendix D.  Pulse Release Air Model Script 
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