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Abstract 

Hydrogen sulfide releases occurred during a routine maintenance process in 
a hydraulic oil system at Blue River Dam, Oregon. The project worked 
under the hypothesis that the sulfide emissions most likely resulted from 
reductive biological processes. Hydraulic oil samples were collected from 
the Blue River Dam, and from two other nearby dams with similar hydraulic 
systems, Hills Creek Dam, and Cougar Dam. Water samples from the 
reservoir were also collected. Sulfur was found in all the oil and water 
samples, however, no patterns with sulfur to other parameters (such as 
percent water or acid neutralization number) were found in the oil samples. 
A microscopic review of hydraulic filters did not show any evidence of bio-
film accumulation. The use of sulfate reductive bacterial genetic probes did 
not find any microbial activity expected to form sulfide. These results 
rejected the hypothesis that the sulfide production was from microbial 
activity. The Authors now hypothesize that the sulfide reaction was from 
abiotic reactions of an additive, Zinc Dialkyldithiophosphate (ZDDP). 

 

DISCLAIMER: The contents of this report are not to be used for advertising, publication, or promotional purposes. 
Citation of trade names does not constitute an official endorsement or approval of the use of such commercial products. 
All product names and trademarks cited are the property of their respective owners. The findings of this report are not to 
be construed as an official Department of the Army position unless so designated by other authorized documents. 
DESTROY THIS REPORT WHEN NO LONGER NEEDED. DO NOT RETURN IT TO THE ORIGINATOR. 
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1 Introduction 

1.1 Purpose of the study 

In 2016, hydrogen sulfide (H2S) emissions were found during the 
maintenance of a hydraulic system at the Blue River Dam, Oregon. 
Hydrogen sulfide is potentially toxic and explosive, therefore, determining 
the cause of this gas is needed. Three possibilities were considered most 
likely – the thermal transformation of Zinc Dialkyl Dithiophosphate 
(ZDDP), a sulfur containing additive to the hydraulic oil, abiotic hydrolysis 
reaction of the ZDDP, or the microbial mediated reduction of sulfur. This 
project, conducted by the U.S. Army Engineer Research and Development 
Center (ERDC) and supported the Portland District (NWP), contains 
studies that explore sulfide in the hydraulic oil and associated water. The 
ERDC also explored for evidence of sulfur reduction by microbial activity. 
The goal was to narrow down the possible causes of this sulfide gas, 
particularly exploring the hypothesis that the sulfide generation was due to 
microbial activity. 

1.2 Sulfur forms 

1.2.1 Elemental sulfur 

Sulfur can exist in several forms. Elemental sulfur refers to it in its purist 
state. Elemental sulfur is typically a yellowish powdery solid and has a 
charge of zero (0). However, it typically is reactive and forms oxidative and 
reduced states. 

1.2.2 Sulfate 

Sulfate is the oxidized state of sulfur. Its typical form is SO42-, and its 
charge is +6. Sulfur dioxide is another oxidized form of sulfur with a 
charge of +4, but it is not common in aqueous systems. Sulfate is usually 
non-problematic, although it can be associated with sulfuric acid (see 
section 1.2.4). 

1.2.3 Sulfide 

Sulfide is the reduced form of sulfur. It is commonly found dissolved in 
water as hydrosulfide ion (HS-) and has a charge of -2. Sulfide is also the 
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form found in the toxic gas hydrogen sulfide (H2S). Sulfide gas is highly 
offensive smelling at low concentrations. Sulfide gas has a characteristic 
“rotten egg odor” at airborne concentrations of 0.02 part per million based 
on volume (gas concentration) (ppmv) (Nicholson and O’Brien 2001). 
Sulfide gas actually becomes odorless at higher concentrations because it 
paralyzes the olfactory system. However, as concentrations increase, 
hydrogen sulfide becomes increasingly toxic and potentially explosive. 
Table 1 summarizes H2S toxicity. 

Table 1. Hydrogen Sulfide toxicity and explosive characteristics (sources: Nicholson and O’Brien 2001;  
NIOSH 2005). 

Effect/Regulation Concentration/Temperature 
Olfactory Detection (rotten egg odor) <0.02 ppmv 

Recommend Exposure Limit (REL) – A level recommended by the 
National Institute of Occupational Safety and Health (NIOSH) for 
adoption by the Occupational Safety and Health Administration 

(OSHA) as a new permissible exposure limit (PEL) level 

10 ppmv (10 minutes) 

Permissible Exposure Limit (PEL) – An enforceable exposure limit 
established by OSHA. Time Weighted Average based on an 8-

hour work period. 
20 ppmv, 50 ppmv 10-minute peak 

Immediately Dangerous to Life and Health (IDLH) – A NIOSH 
defined concentration where life and health is immediately 

endangered if exposed. 
100 ppmv 

Lethal Concentration 50 (LC50) (rat, 1-hour) 713 ppmv 
Lower and Upper Explosive Limits (LEL–UEL) 4.3 to 46% 

Flashpoint (FP) – the lowest temperature the chemical can form 
an ignitable mixture in air. -82.4 °C/-116.3 °F 

Auto-ignition Temperature – The lowest point a chemical will 
ignite in a normal atmosphere without an ignition source. 232 °C/ 450 °F 

Hydrogen sulfide is heavier than air with a vapor density of 1.36 grams per 
liter (g/L). This means that the gas will commonly concentrate in low lying 
areas and depressions making ventilation of the gas challenging in some 
instances. 

1.2.4 Sulfide/sulfate cycling 

When sulfur forms are subjected to cyclic reductive and oxidative 
reactions, the results are usually detrimental. Reductive reactions form 
sulfides, that then form sulfide gas (H2S), (described in section 1.2.3). This 
gas is toxic and explosive. 

When hydrogen sulfide becomes exposed to oxygen, it can react to form 
sulfate. In water, this reaction forms sulfuric acid (Equation 1) 
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     H S O SO H   2
2 2 42 2  (1) 

These acids can irritate breathing tissues and the eyes. In addition, acid 
forming reactions can cause corrosion problems. If the sulfate is reduced 
again, issues with hydrogen sulfide can again arise. 

1.2.5 Organic sulfur 

Sulfur can also be incorporated into organic compounds referred to as 
organic sulfur. Total sulfur refers to all forms of sulfur in a given aqueous 
system, this includes organic and inorganic forms: 

Total Sulfur = Elemental Sulfur + Sulfate + Sulfide + Organic Sulfur 

To account for differences in molecular masses, molar concentrations can 
be used. However, molar values are often not very intuitive. An alternative 
is to convert concentrations to mg/L or mg/kg as sulfer (S), as shown in 
Equation 2 

   /      /   /SulfurX mg L as S Y mg L x MW MW  (2) 

Where X is the concentration as S, Y is the concentration of the actual 
molecule of interest, MWsulfur is the molecular weight of sulfur (32 g/mol) 
and the molecular weight (MW) of the actual compound (96 g/mol for 
sulfate and 33 g/mol for sulfide). 

1.3 Dams studied in this project 

This project studied samples from three dams in Oregon: Blue River, Hill 
Creek, and Cougar. Blue River Dam, was the site of the sulfide release 
event. Samples from Hill Creek Dam and Cougar Dam, two other dams 
with similar hydraulic systems were also taken and tested. All of these 
dams are in relatively close proximity to each other and are part of the 
Willamette Valley Project, a flood control project consisting of 13 smaller 
dams (Figure 1) that are operated by the United States Army Corps of 
Engineers (USACE) Portland District (NWP). 
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Figure 1. The Willamette Valley Project with locations of 
dams and facilities. Dams in this study are circled in 

bright red. (base map from USACE, 
http://www.nwp.usace.army.mil/Locations/Willamette-Valley/). 

 

1.3.1 Blue River Dam 

The Blue River Dam is a flood control dam built in 1968 and operated by 
the USACE (Figure 2). The Blue River Dam forms a six mile long 
impoundment on the Blue River and is located in west central Oregon. 

Figure 2. Blue River Dam, Oregon. 

 

http://www.nwp.usace.army.mil/Locations/Willamette-Valley/
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1.3.2 Cougar Dam 

Cougar Dam, built in 1963, is located on the South Fork of the McKenzie 
River and forms the Cougar Reservoir. It is primarily a flood control 
facility, but it does have hydropower production. Cougar Dam has a 
similar hydraulic system to Blue River Dam, and it uses the same 
hydraulic oil (Chevron Rando® HD, see section 1.9.3). 

1.3.3 Hills Creek Dam 

Hills Creek Dam was constructed in 1961 and is primarily a flood control 
and water storage facility, although it does have hydropower generation. 
Hills Creek has a similar, but older hydraulic system. Because the dam is 
older, it uses a different hydraulic oil (Chevron Hydraulic Oil AW) than the 
Blue River and Cougar Dams. The Chevron Hydraulic Oil AW does not 
contain the ZDDP additive (see section 1.9.4). 

1.4 Intake tower 

Intake towers are vertical structures in reservoirs that routinely convey 
water as part of the reservoirs operation. For many reservoirs, intake 
towers provide water for hydroelectric turbines or for water treatment for 
potable uses. In the case of the Blue River Dam, the intake tower is used to 
regulate routine releases as part of its mission for flood risk management, 
recreation, irrigation, and maintenance water quality in the Willamette 
Valley. Figure 3 is a schematic of Blue River Dam’s intake tower. The 
purpose of the intake tower hydraulic system is to control valves that 
regulate water levels in the dam. 
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Figure 3. Schematic of the intake tower (adapted from Crocker 2016). 

 

1.5 Hydraulic system 

Figure 4 is a schematic of the hydraulic system showing service gates, 
control unit, sump, and filters. Figure 5 includes schematics of the control 
unit. Figure 6 shows the control unit with key sample locations including 
the tank heater. The tank heater is a Chromalox brand electric immersion 
heater (2kW, 15 W/in2, set to 80 ˚F), model number ARMTO-2020 E1T1. 
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The tank heater maintains the hydraulic oil at an ideal temperature so that 
it is at the correct operating viscosity at all times (reducing system pressures 
and stresses) as well as maintaining a temperature to prevent condensation 
inside the Hydraulic Power Unit (HPU) reservoir (preventing water 
intrusion). Temperature gauges record the oil temperature in the sump to 
insure it does not get too hot (Figure 7). In addition, the hydraulic system 
has a filtration system to keep the oil free of particulates (Figure 8). 
Locations of these Figures can be related to the sample locations discussed 
in the Materials and Methods Section. The system can adjust to changes of 
pressure using breathers. Reservoir size is 225 gallons, 36 in. W x 72 in. L x 
23.5 in. H; the typical volume is 150–200 gallons. The breathers are a 
desiccant style breather (Hydac Brand with Beta 3 = 200). 

Figure 4. Schematic of the Blue River Dam regulating outlet hydraulic system. 
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Figure 5. Schematic of the Blue River Dam 
hydraulic system. 

 

Figure 6. Labelled photograph of the hydraulic fluid system showing key sampling locations. 

 



ERDC/EL TR-18-5 9 

Figure 7. Blue River hydraulic system oil sump temperature gauge. 

 

Figure 8. Blue River hydraulic oil system return filter housing. 

 

1.6 Description of the event 

Information on the sulfide release event that occurred in October 2016, was 
obtained through a review of two sources; the summary document 
(prepared by Catherine Campbell), USACE NWP (Appendix 1), and from a 
presentation (Crocker 2016). During maintenance in the room containing 
the hydraulic system, four workers (of a team of five) were affected by 
hydrogen sulfide gas. A brief rotten egg odor was reported. Interviews 
conducted by the Board of Inquiry (BOI) indicated that the Project 
personnel were most strongly affected by the H2S when the pump motor 
blowers were blowing air from the sump breather into their faces. Reported 
symptoms were correlated with distance from the sump tank (Table 2). 
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Table 2. Distance from hydraulic oil sump tank vs. symptoms (adapted from Crocker 2016). 

Symptom 
Distance from Hydraulic Oil Sump Tank 

<1 ft 2 ft 3 ft 10 ft <10ft 
Nose irritation X X X   
Eye irritation X X X   

Throat irritation X  X   
Headache X X X X  

Fatigue X X    
Disorientation X     
Memory loss X     

Tightening in chest X X X   
Coughing X  X   

Difficulty breathing X     

An H2S meter was used to assess the sulfide gas in the hydraulic room. The 
oil sample and the breather on the sump tank caused the H2S meter to 
deflect to its maximum of 100 ppmv (15 ppmv is the Short Term Exposure 
Limit [STEL] for H2S). However, H2S did not register on the meter 
anywhere else in the tower. All of these observations suggest that the 
hydraulic oil was the primary source of the H2S gas. 

1.7 Sulfide in oil 

Sulfur is commonly found in petroleum, usually organic in form, as 
impurities to various hydrocarbon compounds that make up the oil. 
Different crude oil sources have different amounts of sulfur in their 
composition. Those with total sulfur concentrations of 0.5% (5000 mg/kg) 
are considered to have high sulfur concentrations and are referred to as 
sour. Crude oil with sulfur concentrations <0.42% are considered low in 
sulfur and are referred to as sweet. In crude oil reservoirs, conversion of 
elemental and organic sulfur to sulfate, then sulfide, is common. The high 
organic environment creates an ideal environment for reductive microbial 
reactions and abiotic thermochemical reductive reactions that result in the 
formation of hydrogen sulfide (Marriott et al. 2015). Modern production 
methods, including steam assisted gravity drainage and hydraulic 
fracturing, can actually stimulate sulfide transformation in the production 
process. Additional chemical additives used in production can add sulfur 
to the system (Lipus et al. 2017). 

However, refined products have sulfur concentrations that are much 
lower. First, there are many crude sources that have low sulfur content 
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(referred to as sweet). Second, refining processes allow for sulfur removal 
from sour sources. That said, even after refining, it is common for oils to 
have sulfur concentrations containing 10s of mg/kg. Additives, however, 
(such as ZDDP, section 1.9.4) can increase the sulfur content. 

As long as this sulfur remains in an elemental or organic form, it does not 
represent a hazard. However, if it is converted to sulfide, then the oil be-
comes a source of hydrogen sulfide gas. According to Nicholson and 
O’Brien (2001), 1 mg/kg of H2S in oil can result in a vapor concentration of 
50 ppmv, this is above the PEL and equivalent to the 10-minute exposure 
peak (Table 1). 

1.8 Hydraulic systems 

Many locks and dams are now using hydraulic power systems to operate 
gates and valves, essentially replacing mechanical drive systems. These 
systems offer major advantages over mechanical devises like pulleys, 
levers and gears such as the following: 

1. High power to size ratio, 
2. Forces can be transmitted over a great distance, 
3. Allows large loads to be moved by small forces, 
4. Almost infinite speed and forces, speed can be adjusted to meet varying 

requirements, 
5. Can serve many actuators/applications at one time, and 
6. Fluid does not break, however, it can become contaminated. Keeping 

hydraulic fluid clean and dry is critical for proper operation of hydraulic 
power systems. 

1.9 Hydraulic oil 

Hydraulic systems rely on fluid or oil pressure to operate. In order to 
maintain operating pressure, hydraulic oil should be "stiff," (have a high 
bulk modulus for position stability), should be free of air and water to the 
best extent possible, and have the ability to transfer heat. Hydraulic oil 
(when conditioned) flow can carry "cool oil" to cool a heat sensitive 
component, or, "carry-off heat" away from a component that's oil is 
exposed to a high temperature. 

One of the most important elements of any hydraulic system is the type 
and quality of the oil. Frequent maintenance of the oil is essential for 
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maintaining high performance operation, equipment reliability, and 
component life. Hydraulic Oil is assigned International Organization for 
Standardization (ISO) viscosity grades (VG) ranging from 32 to 68.  

An appropriate hydraulic oil should protect against wear of the hydraulic 
system components. This may involve the use of additive packages to 
enhance this property. Systems in dams and locks frequently have long 
pipe runs that can have high variation in temperature. An oil should have 
proper viscosity to maintain sealing and lubrication in such a setting. 
Corrosion protection is important, and additives are frequently used to 
enhance this property. The oil must also be compatible with seals and 
hoses in the system. 

There are three-categories of oil commonly used: 1) petroleum based 
fluids, 2) biodegradable (or environmentally acceptable), and 3) fire 
resistant fluids. The three dams in this study all use petroleum based 
hydraulic oils. 

1.9.1 Additives 

Hydraulic oils frequently contain additives that serve the following three 
purposes: 

• Modify the properties of the base fluid - improve viscosity index (VI), 
lower pour point, and reduce foaming, 

• Protect the lubricant- slow down oxidation, and 
• Protect the equipment - reduce corrosion and protect against wear. 

Temperature can affect hydraulic oil performance. If the oil is too cold, any 
moisture in the oil can precipitate, hydrolyzing the oil. However, if oil is 
too hot, seals can become damaged, acids can form in the oil, and sludge 
and varnish can form, all of these can damage the performance of the oil. 

1.9.2 Water in hydraulic oil 

Water is common in hydraulic oil systems in dams, particularly those that 
control submerged valves and gates. The systems are under high pressure 
and it is difficult to insure that seals and pipe joints are completely water 
tight. Water can seep into the system in this manner. Water can also enter 
the reservoir through breathers. As outside air is heated up during the day 
and cooled at night, water can condense out.  
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Water can exist as free water (a separate phase), dissolved (small 
quantities [up to 200 to 300 mg/kg] dissolved in the oil), or emulsified (a 
pseudo-stable oil/water mixture creating a milky mixture, water 
composing up to 1%). The saturation point is the highest level water can 
dissolve into a given oil. If the saturation point is exceeded, water will form 
a free phase. 

However, water in the system is not desirable (Kopecky 2004). Water can 
lead to oil degradation, corrosion, wear, and poor lubrication. Water can 
also stimulate microbial activity. Microorganisms can degrade the oil, 
causing biofilms that result in fouling. Water can also react with additives 
in the fluid. Of particular concern is reaction with ZDDP (Kopecky 2004), 
this is discussed in section 1.9.4. Although it is ideal that water content be 
completely eliminated, this is not always practical. However, 200 mg/kg is 
considered the threshold where the negative effects of water are 
minimized (Kopecky 2004). 

1.9.3 Rando® oil 

Both Blue River Dam and Cougar Dam use Chevron Rando® HD hydraulic 
oil in their systems. This is a premium, petroleum based hydraulic oil 
designed to work in challenging environments. The oil contains anti-wear 
additives to minimize wear, contains rust inhibition packages, and is 
designed to be easily filtered in the presence of water. It resists foaming 
and has good gas release properties. Appendix 2 contains a product 
description sheet and a material safety data sheet (MSDS) for Chevron 
Rando® HD. 

1.9.4 ZDDP additive 

ZDDP is a common additive to lubrication and hydraulic oils. The purpose 
of this additive is to reduce wear when it is blended with oil products in 
concentrations of up to 30% ([American Chemistry Council] ACC 2015). 
Figure 9 shows a generalized chemical structure for ZDDP. The form in the 
Chevron Rando Oil® is identified by Chemical Abstract Services (CAS) 
68649-42-3, this has a chemical formula of C28H60O4P2S4Zn. 



ERDC/EL TR-18-5 14 

Figure 9. Chemical structure of ZDDP. 

 

ZDDP can thermally decompose and form H2S (ACC 2015). Other gases 
can also be formed included mercaptans and olefins. ZDDP can also 
hydrolyze with water to release hydrogen sulfide and sulfuric acid 
(Kopecky 2004; ACC 2015). A proposed balanced equation for this 
reaction is 

C28H60O4P2S4Zn + 60 H2O = 8 Zn + 27 H2S + 5 H2SO4 + 16 H3PO4 + 8 
C28H60OH (Equation balanced by Mr. Justin La) 

The reaction is catalyzed by higher temperatures. 
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2 Materials and Methods 

2.1 Quality assurance plan (QAP) 

ERDC prepared a quality assurance plan (QAP) for the study, this is 
provided in Appendix 3. 

2.2 Samples 

Samples from three dams (Blue River Dam, Cougar Dam, and Hills Creek 
Dam) were collected by NWP (Figure 10). The total number of samples 
were seventeen hydraulic oil samples (Table 3) and four water samples 
(two from Blue River Dam, and one each from Cougar Dam and Hills 
Creek Dam). Two of the samples were “new” oil, meaning that they were 
unused Chevron Rando oil. The ERDC also received two filter samples 
from the Blue River Dam. 

Figure 10. Samples collected for the study. 
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Table 3. Hydraulic oil samples collected for this study. 

Sample 
Number

Date Sample Location

1 10/18/2016 Original Oil
2 1/28/2017 HPU oil sump tank sample port
3 1/28/2017 HPU oil sump tank drain port
4 1/28/2017 RO #1 Service Port
5 1/28/2017 RO #1 Service Bottom
6 1/28/2017 RO #1 Emergency Top
7 1/28/2017 RO #1 Emergency Bottom
8 1/28/2017 RO #2 Service Top
9 1/28/2017 RO #2 Service Bottom

10 1/28/2017 RO #2 Emergency Top
11 1/28/2017 RO #2 Emergency Bottom
16 1/28/2017 Chevron Rando HD-ISO-32 NEW Oil
17 1/28/2017 Chevron Rando HD-ISO-32 NEW Oil

1 1/28/2017 HPU oil sump tank sample port
2 1/28/2017 HPU oil sump tank drain port

1 1/28/2017 HPU oil sump tank sample port
2 1/28/2017 HPU oil sump tank drain port

Blue River

Cougar Dam

Hills Creek Dam

 

The following water samples were collected: 

• Blue River Dam (BLR)-12 – drainage sump. 01/28/2017. 
• BLR-13 – reservoir near intake tower. 01/28/2017. 
• Cougar Dam (CGR)-3 – reservoir near intake tower. 01/28/2017. 
• Hills Creek Dam (HCR)-3 – reservoir near intake tower. 01/28/2017. 

2.2.1 Oil sample studies 

Oil samples were studied for the analytes specified in Table 4. Contract 
laboratories were used for these analyses as indicated. These analyses were 
conducted by Air, Water & Soil Laboratories, Inc. (Richmond, VA). 
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Table 4. Analytes for hydraulic oil samples collected for sulfide study. 

Analyte Method Detection Limit 

Water Content American Society for Testing 
and Materials (ASTM) D95 10 mg/kg (estimated) 

Acid Neutralization Number ASTM D664 Up to 0.01 mg/kg 

Zinc USEPA Method 6010C (SW-
846) 0.5 mg/kg 

Sulfur USEPA Method 6010B (SW-
846) 8.33 mg/kg 

Water content, zinc, sulfur, and acid numbers were analyzed by a contract 
laboratory. Sulfur reducing microorganisms were analyzed at ERDC. 

2.2.2 Water samples 

Water samples were measured for the analytes specified in Table 5. The 
analyses were conducted by the Environmental Chemistry Branch (EPC) 
of ERDC (Vicksburg, MS) using the United States Environmental 
Protection Agency (USEPA) method listed. 

Table 5. Analytes for water samples collected for sulfide study. 

Analyte Method Detection Limit 
pH USEPA Method 150.1 0.01 units 

Specific conductance USEPA Method 120.1 1 uS/cm 
Sulfate USEPA Method 9035 (SW-846) 0.004 mg/L 
Sulfide USEPA Method 376.2 0.01 mg/L 

Zinc USEPA Method 6020 (SW-846) 0.002 mg/L 
Sulfur USEPA Method 6010 (SW-846) mg/L 

2.2.3 Hydraulic filters 

The ERDC received two hydraulic oil filter samples from Blue River Dam. 
The oil filters were Hydac brand filters, model 0240D005BN4HC (5 
micron, Beta 5 = 1000). These filters were taken apart and separated into 
different components that were then studied at 8–100X magnification using 
a Leica MX12.5 Stereo microscope (https://www.meyerinst.com/html/leica/mz125/ 
mz125.htm). Pictures were taken to document the results. 

2.2.4 Sulfur reducing microorganisms 

The study included seventeen hydraulic oil and water samples from the 
three dams. Appendix 4 contains the report on this portion of the study, 
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and it discusses the methods in detail. In summary, genetic probes were 
used to search for microbial activity and sulfur reducing microorganisms 
in both oil and water samples. Samples were explored using the two 
following primers: 

• The first searched for bacterial DNA (deoxyribonucleic acid), 
• If the first was positive, then the second searched for genetic material 

associated with sulfate reducing bacteria. 
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3 Results 

3.1 Chemical analyses 

3.1.1 Hydraulic oil 

Table 6 summarizes the analytical data for the hydraulic oil samples. 
Subsequent sections will refer back to these results. 

Table 6. Summary of results of hydraulic oil analyses. 

 

3.1.1.1 Total sulfur in hydraulic oil 

Figure 11 summarizes the total sulfur in the hydraulic oil samples. All of 
the oil samples had sulfur contents of at least 90.8 mg/kg. This indicates 
that there is sufficient sulfur in the oil samples to serve as a source of 
hydrogen sulfide. Blue River Dam samples sulfur content ranged from 
94.7 to 170 mg/kg. Fresh oil samples (Blue River Dam 16 and 17) had 
sulfur levels of approximately 150 mg/kg (147 and 150 respectively). 
Samples 4, 5, 6, and 7 had levels ranging from 145 to 152 mg/kg, or 
approximately the same as that of the base oil. Samples 8 and 9 (RO#2 
Top and Bottom respectively) had sulfur concentrations of 170 to 176, or 
slightly enhanced sulfur content. Conversely, samples 1, 2, 3, 10 and 11 had 
sulfur levels lower than that of the base oil (94.7 to 139 mg/kg). 

Method
ASTM D664 ASTM D6304  EPA 6000/7000

Digestion: SW-846 
3050B. Analysis by 

ICPMS  SW-846 6010B
Blue River Dam 

 BLR-20170126-001 0.14 0.051 180 126
 BLR-20170126-002 0.25 0.028 162 94.7
BLR-20170126-003 0.23 0.015 166 139
 BLR-20170126-004 0.23 0.017 157 148
 BLR-20170126-005 0.14 0.012 161 152
 BLR-20170126-006 0.29 0.016 232 147
BLR-20170126-007 0.29 0.015 270 145

 BLR-20170126-008 0.28 0.092 224 170
 BLR-20170126-009 0.48 0.077 197 176
 BLR-20170126-010 0.27 0.024 206 124
 BLR-20170126-011 0.24 0.029 209 118
 BLR-20170126-016 0.25 0.021 420 150
 BLR-20170126-017 0.32 0.013 401 147

Cougar Dam
CGR-20170126-001 0.21 0.169 380 90.8
CGR-20170126-002 0.27 0.056 392 407

Hills Creek Dam
HCR-20170126-001 0.03 3.35 476
HCR-20170126-002 0.11 44.8 BLD 384

Sulfur                                                                              
(mg/kg)Sample ID Zinc                   

(mg/kg)
Acid Neutralization 

(mgKOH/g)  
Water, % 

(wt%)
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Figure 11. Total sulfur in hydraulic oil samples. 

 

Comparing oil samples to those of the other dams provides some 
interesting results. Sulfur samples for the oil at Hills Creek Dam were as 
high as 476 mg/kg, substantially higher than sulfur samples in Blue River 
samples. Hills Creek does use a different hydraulic oil compared to Blue 
River and Cougar Dams. Cougar Dam, on the other hand, also used 
Rando® HD oil. Sample 1 (oil sump tank sample port) had the most 
depleted sulfur level (90.8 mg/kg). However, sample 2 (oil sump tank 
drain port) had a very high sulfur level of 407 mg/kg. 

3.1.1.2 Acid neutralization number 

Figure 12 summarizes the acid neutralization numbers in hydraulic oil 
samples. The acid neutralization number is used as a measurement of how 
the oil is aging and oxidizing. Blue River Dam samples acid content ranged 
from 0.14 to 0.48 mgKOH/g. The new oil (samples 16 and 17) had 
neutralization numbers of 0.25 and 0.32 mgKOH/g respectively, nearly a 
30% variation. Therefore, it appears that this measurement does have 
some inherent variation. Samples 2, 6, 7, 8, 10, and 11 had concentrations 
ranging from 0.24 to 0.29 mgKOH/g, close to the range of the new oil 
samples. Samples 3 and 4 were slightly decreased in acid neutralization, 
both with measurements of 0.23 mgKOH/g. Samples 1 and 4 had more 
substantial decreases in acid neutralization measurements, both with 
measurements of 0.14 mgKOH/g. Sample 9 had a highly elevated acid 
neutralization number of 0.48 mgKOH/g. 
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Comparing sample locations 1 and 2 of Blue River Dam acid neutralization 
numbers to Cougar Dam, indicate the Blue River Dam numbers were 
slightly less, but samples from both dams had similar concentrations. Both 
Cougar and Blue River Dams neutralization numbers were higher than 
those at Hills Creek Dam (note that Hills Creek Dam does use a different 
hydraulic oil). 

Figure 12. Acid neutralization numbers in hydraulic oil samples. 

 

Interestingly, the acid neutralization numbers measured in the study were 
all high. 0.15 mg KOH/g is considered a normal level for most new oils, 
0.20 mg KOH/g is a warning level that the oil is getting too acidic and 
0.30 mg KOH/g is a critical warning. However, the new oil samples 
exceeded the warning level and one actually exceeded the critical level. 
Most of the samples were higher than 0.2 mg KOH/g, the warning level. 

3.1.1.3 Zinc concentration 

Zinc concentrations in Blue River Dam samples ranged from 157 to 
420 mg/kg (Figure 13). The highest concentrations were found in the new 
oil samples (401 and 420 mg/kg). The oil samples collected from the Blue 
River Dam hydraulic system were all depleted in zinc, with concentrations 
ranging from 157 to 270 mg/kg. Of the Blue River Dam samples, the highest 
concentration was found at sample 7, the RO #1 Emergency bottom.  

The Blue River Dam concentrations for sample points 1 and 2 were less 
than half of those found at Cougar Dam at the same sample points. The 
Cougar Dam concentrations were comparable to those for the new oil, 
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indicating that zinc depletion had not occurred. Hills Creek Dam samples 
were non-detect (note the Hill Creek Dam hydraulic system uses a 
different oil that does not contain ZDDP). 

Figure 13. Zinc concentration in hydraulic oils in this study. 

 

3.1.1.4 Percent water in hydraulic oils 

Figure 14 summarizes percent water found in the oil samples collected for 
this study. The results were heavily skewed by water in the Hills Creek 
Dam oil samples, these were as high as 45% (as a side note, this level is 
extremely high and an investigation is recommended). The picture inset 
(Figure 14) shows that the water was clearly visible in the oil sample.  

The new oil samples had water concentrations of 0.013 and 0.021%. Blue 
River Dam samples ranged from 0.012 to 0.077%. Water concentrations in 
the two Cougar Lake Dam samples were 0.056 and 0.169%. 
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Figure 14. Percent water in oil samples in the study. The high concentrations in the 
Hills Creek Dam oil samples dominate the graph. The photo inset shows a separate 

water phase in one of the Hills Creek Dam samples. 

 

Generally, water content in oils should be kept below 250 ppm, or 0.025%. 
Obviously, something very wrong had occurred with the Hills Creek Dam 
oil samples and they far exceeded this value. Both samples at Cougar Dam 
also exceeded the threshold (Table 6). At Blue River Dam, four of the 
thirteen measured samples exceeded this threshold (Table 6). 

3.1.1.5 Graphs exploring relationships between the oil parameters 

Figures 15–17 are graphs prepared to explore relationships of water, zinc, 
and acid number with sulfur in the oil samples. Unfortunately, the data does 
not lend itself to statistical tests (e.g., t-test or ANOVA) that are focused on 
determining if a difference between two populations is statistically 
significant. In this case, graphed data explores if a linear, exponential, or 
logarithmic relationship between the parameters shows regression, this is 
an acceptable statistical test. Hills Creek Dam data is included in the graphs 
(except for the one exploring water content and even though it was a 
different oil type) so as to increase the total data points in an effort to see a 
pattern. Unfortunately, no such relations were evident. 
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Figure 15. Relationship of percent water and sulfur. (Note, Hill Creek Dam data is not 
included in the graph because it skewed the graph, but it also did not show an obvious 

relationship). 

 

Figure 16. Relationship of zinc concentration and sulfur. 
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Figure 17. Relationship of acid neutralization number and sulfur. 

 

3.1.2 Water samples 

3.1.2.1 Chemical measurements in water samples 

Table 7 summarizes water chemistry from samples collected in the Blue 
River Dam hydraulic system drainage sump (sample 012) and from the 
Blue River Dam reservoir (sample 013). Reservoir samples were collected 
from Cougar Dam (003) and Hills Creek Dam (003). In comparing the 
reservoir samples, the pH of the three samples were relatively close, 
ranging from 7.33 to 7.60. Conductivity measurements had a greater 
range, with the Blue River Dam sample having the lowest measurement of 
30.6 S/m and the Hills Creek Dam sample having the highest number of 
47.0 S/m.  

The Blue River Dam sump sample had the highest zinc concentration 
measured at 0.0133 mg/kg. This was higher than zinc levels in the Cougar 
Dam and Hills Creek Dam sumps (0.0057 and 0.0094 mg/kg). The Blue 
River Dam samples had higher sulfate and sulfur concentrations, however, 
sulfide was found in Cougar Dam and Hills Creek Dam, but not in Blue 
River Dam (see section 3.1.2.2 for a more detailed analysis of sulfur 
measurements).  
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The Blue River Dam sump water was higher in pH (9.82 vs. 7.60) and 
conductivity (118 vs. 30.6 S/m) compared to the water sample from the 
Blue River Reservoir. The sump water also had higher sulfate and total 
sulfur concentrations. 

Table 7. Analytical data for water samples. 

 

3.1.2.2 Sulfur species 

Sulfate and sulfide were adjusted as mg/L as S to allow direct comparison 
with total sulfur (Figure 18). Water samples collected from the Blue River 
Dam site were substantially higher in total sulfur concentrations than 
those collected from Cougar Dam and Hills Creek Dam. This might be a 
factor in the sulfide emissions found at Blue River Dam. Sulfur was mostly 
in the form of sulfate. Some sulfide was found at Cougar Dam and Hills 
Creek Dam, but not in the Blue River Dam samples. 

Figure 18. Comparison of sulfur species in water samples. 
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3.2 Filter study 

3.2.1 Received filters 

The ERDC received two filters: 

• Blue River 014 
• Blue River 015 

Both were described as original oil filters, and both were relatively clean 
in appearance (Figure 19). 

Figure 19. One of the hydraulic oil 
system filters received for the study. 

 

3.2.2 Filter components 

The filters consisted of five layers (Figure 20): 

1. Outer section of large holes in metal housing. 
2. A plastic wire mesh. 
3. A denser mesh material. 
4. A still more dense mesh material. 
5. A final material similar in density to layer 3. 
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Figure 20. The five materials found in the hydraulic oil filter. 

 

3.2.3 Observations 

The materials were studied at magnifications ranging from 8 to 100X. 
Results from filter 014 are shown in Figures 21–25. No evidence of bio-
film was observed. Although not shown, observations of filter 015 were 
identical to those of 014. 



ERDC/EL TR-18-5 29 

Figure 21. Magnified view of Layer 1 (8X). No evidence of biological 
growth. 

 

Figure 22. Magnified view of layer 2 (25X). No evidence of biological 
growth. 
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Figure 23. Magnified view of Layer 3 (50X). No evidence of biological 
growth. 

 

Figure 24. Magnified view of Layer 4 (100X) No evidence of biological 
growth. 
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Figure 25. Magnified view of Layer 5 (50X). No evidence of biological 
growth. 

 

3.3 Genetic probing of hydraulic oil and water samples 

A complete report on the genetic probe work is attached in Appendix 4. In 
summary: 

• The study included seventeen hydraulic oil and water samples from the 
three dams. 

• Samples were explored using two primers: 
o The first searched for bacterial DNA. 
o If the first was positive, then the second searched for genetic 

material associated with sulfate reducing bacteria. 
• Only ten samples showed evidence of bacterial DNA: 

o None were found in the new oil samples. 
o Positive in water samples for all three dams. 
o Five in seventeen oil samples for the Blue River Dam and Hills 

Creek Dam oil samples. 

No evidence was found of sulfate reducing bacteria in either water or oil 
samples that were taken. 
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4 Discussion 

4.1 Biological activity 

The focus of this study was to investigate if biological activity was 
responsible for the hydrogen sulfide production in the Blue River Dam 
hydraulic system. The results suggest that the hypothesis should be 
rejected. This study found only minimal markers of biological activity in 
the hydraulic oil, and none indicating sulfur reducing bacteria (SRB). Also, 
the study found no evidence of biofilms in the oil filters. Future studies 
should focus on more detailed sampling from the sump areas where the 
hydrogen sulfide vapors were first found, perhaps including wipe samples 
of the sump if feasible. Still, no SRBs were found in the sump samples 
evaluated in this study. 

4.2 Hydraulic oil measurements 

Even though biological activity was ruled out, studying the hydraulic oil 
measurements identified some areas of concern and provide data on the 
possible cause of the sulfide emissions. 

4.2.1 Areas of interest 

In reviewing the hydraulic oil chemistry data, two locations stand out as 
consistently having values that differ from the new oil, indicating changes 
to the oil at those locations. They also tend to differ substantially from 
concentration found in other sample locations. These are the sump and the 
regulating outlets. 

4.2.1.1 Sump 

Samples 1 and 2 were collected at the HPU oil sump sample port. Both of 
these samples had the lowest sulfur measurements and lower zinc 
concentrations. Sample 1 also had the lowest acid neutralization 
concentration. Furthermore, the sump tank did appear to be the source of 
the sulfide vapors during the release event (see section 1, Introduction). 

4.2.1.2 Regulating outlet samples (RO#2, top and bottom) 

The RO #2 inlet and outlet samples (numbers 8 and 9) had elevated sulfur 
levels compared to the base oil (170 mg/kg compared to 150 mg/kg for 



ERDC/EL TR-18-5 33 

new oil). In addition, sample 9 had the highest acid neutralization 
number, higher than the new oil samples. 

4.2.2 Zinc 

This study found zinc depletion in the oil samples collected from the Blue 
River Dam hydraulic system. The new oil samples contained zinc 
concentrations of 401 and 420 mg/kg, while the zinc concentrations in the 
hydraulic oil system were lower, 157 to 270 mg/kg. Samples collected from 
the Cougar Dam hydraulic system, which is similar and uses the same 
Chevron Rando® oil, had zinc concentrations in the sump slightly lower, but 
similar to, that of the new oil (380 and 392 mg/kg). The zinc concentrations 
in the sump samples at Blue River Dam were 180 and 162 mg/kg. 

These results suggest that zinc is depleted over time in the oil. In the 
Cougar Dam hydraulic system, this depletion is relatively mild, up to 
40 mg/kg. However, in the Blue River Dam samples, it was more severe, 
up to 260 mg/kg. As discussed, zinc is found in the additive ZDDP that is 
included in the Chevron Rando® oil used at the Blue River Dam. ZDDP is 
added to the oil to reduce mechanical wear. It is likely that some of the 
losses of zinc are due to its deposition on surfaces as part of this process 
(Kopecky 2004). The relatively small losses in zinc concentration found in 
the Cougar Dam oil is likely due to zinc deposition. 

The higher degree of zinc loss in the Blue River Dam oil suggests that 
another mechanism may be occurring. Zinc does not degrade nor does it 
commonly form volatile species. The most likely means of zinc loss in the 
hydraulic oil is through dissolution in water, particularly in the sump. This 
study found that the water in the Blue River Dam sump had zinc concentra-
tions about three-times higher than those in the Cougar Dam sump. 

If the hypothesis that zinc loss in the Blue River Dam oil is due to 
dissolution in the sump water, then this might also be a mechanism for 
hydrogen sulfide production. As discussed above in section 1.9.4, ZDDP 
can form hydrogen sulfide via hydrolysis reactions and these can be 
enhanced by elevated temperature. The sump was determined to be an 
area of concern (see section 1.5). A detailed sampling strategy that would 
include measurements of oil and water volumes could be conducted to 
allow a detailed mass balance. 
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4.3 Treatments/water removal 

Supplemental water removal systems could be an effective approach to 
minimize hydrogen sulfide formation. By removing water from the sys-
tem, then ZDDP hydrolysis reactions should be eliminated. A common 
approach is called the kidney loop system. In these systems, the fluid is 
drawn through a water adsorptive media that pulls water out of the oil 
(Kopecky 2004). This approach is inexpensive and easy to apply, but it is 
only useful for removing free and emulsified water – it cannot remove 
dissolved water. Still, free and emulsified water is usually the bulk of the 
water in the system. 

More complete removal can be obtained using vacuum dehydration. These 
systems use vacuum pressure and condensation to remove free, 
emulsified, and dissolved water from the hydraulic oil (Figure 26). These 
systems can also be modified to incorporate sulfide removal. A vacuum 
system can draw off gas, then react the gas with an iron bed to trap the 
sulfide as an iron mineral form. 

Some other options for water removal include gravity removal (only for 
free water) and centrifugal systems (free and some emulsified water 
removal, but not dissolved). Table 8 summarizes several approaches. 

Figure 26. A vacuum dehydration hydraulic oil 
purification system with sulfide removal (High 

Purity Northwest Inc., www.highpuritynorthwest.com). 

 

 

http://www.highpuritynorthwest.com/
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Table 8. Water removal approaches for hydraulic oil (adapted from Kopecky 2004). 

Separator 
Water Type Removed 

Free Emulsified Dissolved 
Gravity Yes Minimal No 

Centrifuge Yes Some No 
Absorbing elements 

(Kidney loop) Yes Yes No 

Vacuum dehydration Yes Yes Yes 
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5 Conclusions 

Based on this study, the following conclusions can be derived: 

5.1 Sulfur measurements for hydraulic oil 

• No obvious sulfur differences for different hydraulic oil samples 
collected at Blue River Dam. 

• Cougar Dam and Hills Creek Dam samples actually had much higher 
sulfur than at Blue River Dam. This might indicate that something is 
occurring at the Blue River Dam resulting in sulfur depletion in the oil. 

• Hills Creek Dam had substantially higher percent water than the other 
sites. 

• No obvious relationship with percent water, zinc, or acid neutralization 
number in relation to sulfur concentrations. 

5.2 Sulfur measurements for water samples 

• Blue River Dam has substantially higher sulfate and sulfur than Cougar 
River Dam and Hills Creek Dam. 

5.3 Evidence for microbial activity 

• Filter samples were very clean, no evidence of microbial growth. 
• Microbial activity is limited in hydraulic oil samples, several showed 

none. 
• No evidence of sulfate reducing bacteria. 

5.4 Conclusion 

• Sulfide production from in the hydraulic oil was most likely abiotic, 
and most likely due to hydrolysis of ZDDP additive. Also, elevated 
temperature could play a role. 

• Water seepage into the system may be key, providing water for ZDDP 
reaction. 
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6 Recommendations 

Assuming that a reaction with ZDDP is causing the sulfide release, then 
the following recommendations are given: 

• Focus on Hydrolysis of ZDDP as the most likely cause of H2S 
emissions. 

• Consider replacing hydraulic oil with one that does not contain ZDDP: 
o Chevron AW® is a hydraulic oil with characteristics that indicate 

that it can be an effective replacement oil (Catherine Campbell, 
NWP, Appendix 5 contains the product information sheet). 

o Chevron AW® it is not a seamless replacement. It is not compatible 
with Chevron Rando®, and would require a service cleanout.  

o Another option would be to identify a suitable Environmentally 
Acceptable Lubricant (Medina 2015) that reduces issues associated 
with accident release. 

• If it is decided that a ZDDP oil is the best choice, then focus on 
moisture and temperature control. 
o Take actions to ensure that there are no temperature gradients: 

* Mixing of temperature sampling well. 
* Multiple temperature probes to detect gradients. 

o Water control and sulfide removal: 
* Use of vacuum dehydration or desiccants (kidney loop) to 

remove water from system. 
* Consider an integrated system that also removes sulfide. 

o Use caution when servicing the system in the future: 
* Follow confined space working procedures. 
* Breathing protection or ventilation. 
* Monitoring equipment for sulfide gas. 

o Consider laboratory studies to explore conditions where hydrolysis 
reactions occurs: 
* Vary temperature, pressure, water quantity, external sulfur, oil 

age. 
* Consider a study to conduct a detailed mass balance of zinc in 

the system. 
* The ERDC can design and execute such a study. 
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Appendix A: Project Notes (Provided by 
Catherine Campbell, NWP) 

COMMENTS WELCOME!!! I used Track Changes in minutes below to show 

changes due to today’s discussion. 

***WE EXPECT TO BE ALLOWED TO FINISH LAB TESTING BEFORE 

FINALIZING BOI*** 

We know the H2S is in the oil, because the oil sample, and the 

breather on the sump tank [See “Isometric and Photos.pdf”], peg 

the H2S meter at 100 ppm. Could not get H2S to register on the 

meter anywhere else in the tower. Also, interviews led us to 
believe the Project personnel were most strongly 
affected when the pump motor blowers were blowing air 
from the sump breather into their faces. 

What caused the H2S? 

It could have been the oil itself: Hydraulic oils have widely 

varying amounts of sulfur, depending on API grade. Grade I can 

have up to 8000 PPM, but grades II and III have less than 10 PPM. 

The sulfur is released as H2S when water contamination reacts 

with the sulfur compounds. Solubility of H2S in oil is "low" but 

not zero, actual quantified solubility is highly dependent on 

temperature and Henry's Law constant in relation to the specific 

hydraulic oil. 

It could have been the reservoir water: Sulfur-reducing bacteria, 

which use sulfur as an energy source, are the primary producers 

of large quantities of hydrogen sulfide. These bacteria 

chemically change natural sulfates in water to hydrogen sulfide. 

Sulfur-reducing bacteria live in oxygen-deficient environments 

such as deep reservoirs. It is formed from decomposing 

underground deposits of organic matter such as decaying plant 

material, and may flourish with heat. 

But it was probably the interaction of an additive called ZDDP 
with water AND/OR WITH HEAT: ZDDP can produce H2S when 
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stored too hot, and though the temperature of the sump at the site visit 
was about 30 degrees Fahrenheit lower than the long-term heat threshold 
I found online, the temperature on the surface of the heating element may 
be above that threshold. This will be looked into further in-house. [See 
“Safe-Handling-Guidelines-for-ZDDP-Components-and-Blends.pdf”] 
Hydraulic fluid will typically contain ZDDP (Zinc dialkyldithiophosphate) 
as an antiwear (and somewhat of an anti-oxidant) additive. I CALLED 
CHEVRON AND THE “RANDO HD” oil definitely has ZDDP in it. ZDDP 
content is quite high as an additive, typically ranging from 100 to 1000 ppm. Any 
compounds with "thio" in the name contain sulfur. Some hydraulic oils are 
non-zinc in order to protect the copper alloy components. Testing with a 
lab such as would be needed to verify zinc and sulfur content of new oil 
identical to that in the system. A spectrochemical analysis would help with 
that. 
 

ZDDP + Water => H2S + Sulfuric Acid [See “ZDDP Molecule.pdf” and 

“Kopecky Article.pdf”] 

 
ZDDP is very sensitive to breakdown in the presence of free water. IF water 
levels are elevated it will break down and H2S is one of the potential byproducts. 
Water content above 300 ppm is problematic, and anything above 100 ppm 
should be viewed with suspicion. The recent test results show very low water 
content [See “Previous Lab Test Results.pdf], but the procedure for drawing a 
sample for testing is to clean/dry it FIRST, so the test results may not fairly 
represent the state the oil “dwells” in most of the time. High acid numbers may 
be an indication that oxidation due to high water content over time has 
occurred.  
 
But why would HEAT AND/OR water + ZDDP have created this issue ONLY at 
Blue River? Alan has looked into possible paths for reservoir water to get into 
the cylinders and it does not look at all likely – it seems the water must have 
been ambient and entered the sump through the breather. Why not at Cougar, 
where acid number results are also high? Why not at Hills Creek, where water in 
the oil is known to be an issue? Let’s test several samples in several ways to be 
sure. [See “ERDC ESTIMATE WITH TRACK CHANGES – Sulfide in Hydraulic 
Systems Outline_11042016.docx” and “Hydraulic Fluid Testing.msg”] 
 
THIS IS A TOTAL OF 3 WATER SAMPLES + 18 OIL SAMPLES (1/2 liter, glass 
containers) + FILTERS TO ERDC ALTOGETHER, all on “ice”. 
 
From Blue River: 



ERDC/EL TR-18-5 41 

- Check the water for sulfur-reducing organisms and for sulfide and sulfate, 
pH, and zinc. 

- Check 11 oil samples for water, zinc, sulfur, acid number, and sulfur-
reducing organisms  

o Sample already taken that is pegging the meter 
o Samples from tops and bottoms of all 4 cylinders 
o Fresh sample from sump tank sample port 
o Sample from sump tank drain port – SPECIFICALLY ASK WHETHER 

WATER IS VISIBLE TO THE NAKED EYE IN THIS SAMPLE. 
- Directly examine filter scrapings under microscope 

 
From Cougar, which is very similar to Blue River, with the same oil, perhaps even 
from the same “batch” of oil, and is also known to have high acid number 
results. Cougar also has a heater on the sump tank.:  

- Check the water for sulfur-reducing organisms and for sulfide and sulfate, 
pH, and zinc. 

- Check 2 oil samples for water, zinc, sulfur, acid number, and sulfur-
reducing organisms 

o From sump tank sample port 
o From sump tank drain port – SPECIFICALLY ASK WHETHER WATER 

IS VISIBLE TO THE NAKED EYE IN THIS SAMPLE. 
 
From Hills Creek, which is NOT similar to Blue River:  

- Check the water for sulfur-reducing organisms and for sulfide and sulfate, 
pH, and zinc. 

- Check 2 oil samples for water, zinc, sulfur, acid number, and sulfur-
reducing organisms 

o From sump tank sample port 
o From sump tank drain port – SPECIFICALLY ASK WHETHER WATER 

IS VISIBLE TO THE NAKED EYE IN THIS SAMPLE. 
 
From NEW Chevron Rando HD 32 oil [See “Chevron Rando HD32.pdf”] in 
Project’s possession: 

- Check for water, zinc, sulfur, acid number, and sulfur-reducing organisms 
 
From NEW Chevron Clarity Hydraulic AW 32 oil [See “Chevron Clarity AW.pdf”] 
NOT in Project’s possession, but Project can get some: 

- Check for water, zinc, sulfur, acid number, and sulfur-reducing organisms 
 
From NEW Chevron Hydraulic Oil AW 32 [See “Chevron Hydraulic Oil AW.pdf”] in 
Project’s possession: 

- Check for water, zinc, sulfur, acid number, and sulfur-reducing organisms 
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If we are agreed on the above, what do we do about it right now? 
- Rich and April are working to determine/procure needed hardware to 

attach to existing ports to take samples. 
- Dave will be able to get KTR in to take samples, and can provide sample 

bottles, and shipment “on ice” to ERDC. 
- Glass bottles, ½ liter,  
- Ask Victor for revised estimate, MIPR $, and “go”? We do get to continue 

on the BOI team through lab test results and finalizing path forward once 
we have that data. YAY! Discussed verbal estimate was that ERDC/lab 
work could be done in January.  

 
Ultimate Path Forward, to be modified if test results lead to 
other conclusions:  
 
Get rid of Blue River’s in-service hydraulic oil: 

- Using KTR in SCBA gear, hazardous waste disposal, etc.? 
- Using equipment such as High Purity NorthWest’s kidney-loop 

vacuum dehydrator WITH H2S REMOVAL system – apparently the 
dehydrator, instead of venting gas to the room, sends it through an 
additional filter that renders the H2S inert – “turns it to rust”. [See 
“Oil Purification.msg”] They can put one together that can go down 
the manlift. One of these could be used as an additional “normal” 
kidney-loop but could also go all over the District in case someone 
else runs into H2S in the future. Then personnel perhaps without 
SCBA, but with ventilation & monitoring just in case, could remove 
oil as normal? 

- Either way, wipe down accessible wetted surfaces with lint-free 
cloths. 

 
Replace hydraulic oil: 

- With new oil, but the same type already in use. 
- With NEW new oil – that has no ZDDP in it at all – such as Chevron 

Clarity Hydraulic AW 32 oil. This would be Incompatible with 
Rando HD oil, so system would need to be flushed at least twice 
with the new oil before the final fill. It may or may not be 
incompatible with Chevron Hydraulic Oil AW – Cathy will call 
Chevron to ask. 

 
Keep it very dry AND MAYBE COOLER: 

- Dedicate kidney loop? 
- Increase frequency of breather replacement 
- REPLACE HEATER OR REDUCE TEMPERATURE SETTING? 

  



ERDC/EL TR-18-5 43 

Appendix B: Product Data Sheet (PDS) and 
MSDS for Chevron-Rando Oil® 
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Appendix C: Quality Assurance Plan 

Quality Assurance Project Plan 

 

“Blue River Study - Investigation of Sulfide in Hydraulic Oil”  

 

Prepared by the U.S. Army Corps of Engineers  

 

January 28 to March 22, 2017 
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SECTION 1.0 BACKGROUND 

1.1 Purpose of the Study 

Recently, hydrogen sulfide emissions were found during the maintenance 
of a hydraulic system at the Blue River, Cougar, and Hills Creek Dam. 
Hydrogen sulfide is potentially toxic and explosive. So, determining the 
cause of this gas is needed. There are three possibilities – thermal 
transformation of ZDDP (a sulfur containing additive to the hydraulic oil), 
abiotic hydrolysis reaction of the ZDDP, or microbially mediated reduction 
of sulfur. ERDC will support the Portland District (NWP) with studies to 
explore sulfide in the oil and associated water. We will also look for 
evidence of sulfur reduction by microbial activity. These studies coupled 
with studies to be conducted by NWP should allow for us to narrow down 
the possible causes of this sulfide gas. 
 

1.2 Project Objective 

1) This project has two objectives. The first is to explore sulfide in the 
oil and associated water and look for evidence of sulfur reduction by 
microbial activity. The second goal is to narrow down the possible causes 
of this sulfide gas. 
 

1.3 Project Organization 

Dr. Victor Medina – Project Lead 

Michelle Wynter – Quality Assurance Plan, filter study, data analysis 

Dr. Cari Jung – Genetic studies for Sulfate Reducing Bacteria 

Amber Russell – Coordination with contract laboratories, analysis of water 
samples 

 

SECTION 2.0 SAMPLING / MONITORING PROCEDURES 

We will study samples from 3 dams (Blue River, Cougar and Hills Creek) 
that have had reported hydrogen sulfide issues. The total number of 
samples are estimated at 18 hydraulic oil samples and 3 water samples. 
ERDC will also receive filter samples. 

 
  



ERDC/EL TR-18-5 57 

SECTION 3.0 TESTING AND MEASUREMENT PROTOCOLS 

3.1 Measurements to be conducted by ERDC 

ERDC will conduct the following measurements using the following 
methods: 

• Survey Hydraulic oil samples and water samples for the presence 
and activity of dissimilatory sulfate reduction. A PCR-based survey 
targeting the conserved dissimilatory sulfate reduction (DSR) gene 
was employed. The presence of this gene would indicate at a 
genetic level the physiological potential of sponsor-selected 
samples toward the reduction of sulfate and the presence of sulfate 
reducing bacteria (SRBs) that may be responsible for biofouling.  

• The hydraulic filters and scrapings from filters using binocular 
microscope. Interesting portions will also be investigated via 
scanning electron microscopy. 

3.2 Other analyses were conducted by a certified commercial laboratory. 

Conductivity, pH, total sulfur, sulfide, sulfate, and zinc analyses were 
conducted for the water samples. The oil samples were analyzed for 
water content, zinc, sulfur, acid number, and sulfur reducing 
microorganisms using a genetic probe. 

 

SECTION 4.0 DATA REPORTING 

4.1 Literature study 

A Literature search will be completed on most likely ways that H2S was 
produced under in-service conditions at Blue River, Cougar, and Hills 
Creek Dam for lubricant used.  

4.2 Report 

ERDC will prepare a report on its methods and findings. The ERDC 
reporting effort could be integrated into a larger report, if that is desirable. 
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Appendix D: Report on Sulfur Reducing 
Microbial Probe Investigation 
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Appendix E: Product Data Sheet (PDS) for 
Chevron AW Oil - Alternative to Rando Oil  
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