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government or any other agency thereof. The views and opinions of authors expressed herein do 
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EXECUTIVE SUMMARY  

This research work has been supported by the DOE-FIU Science & Technology Workforce 

Development Initiative, an innovative program developed by the U.S. Department of Energy’s 

Office of Environmental Management (DOE-EM) and Florida International University’s Applied 

Research Center (FIU-ARC). During the summer of 2024, a DOE Fellow, Bryan Torres, spent 10 

weeks doing a summer internship with Savannah River Mission Completion (SRMC) at Savannah 

River Site (SRS) under the supervision and guidance of Jeremiah Ledbetter. The intern’s project 

was initiated on May 15th, 2024, and continued through July 26th, 2024 with the objective of 

supporting the Defense Waste Processing Facility Process and Regulatory Engineering Group at 

SRMC, focusing on different fluid mechanics problems involving waste and chemical transfers.  
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1. INTRODUCTION  

Savannah River Mission Completion (SRMC) has the challenging task of treating and disposing 

of the radioactive waste at Savannah River Site (SRS) to operationally close both liquid waste tank 

farms. The mission is to complete the decommissioning of the H&F Tank Farms by the year 2037. 

Besides safety and security, which are key core values, there is a strong emphasis on efficiency at 

every company level to complete the mission by the agreed time. 

 

The waste in the tanks is separated into two different phases due to the settling of solid particles. 

Most of the tank volume is occupied by fully liquid waste. This liquid phase sits on top of a layer 

of sludge with higher radioactivity and more challenging rheology properties. As shown in the 

diagram below, the liquid waste is directly transferred to the Salt Waste Processing Facility 

(SWPF). At SWPF, the waste goes through different filtration processes. The removed solid 

particles are transferred to the Saltstone Production Facility, where they are immobilized into salt 

and stored in the Saltstone Disposal Units. 

 
Figure 1: Diagram of SRMC waste processing facilities. [1] 

 

The sludge from the tank farms is transferred to the Defense Waste Processing Facility (DWPF). 

DWPF also receives waste from SWPF and strip effluent from the Effluent Treatment Facility. 

The waste transferred from other facilities is processed in the Sludge Receipt and Adjustment Tank 

(SRAT), by acid addition and boiling. The product of the SRAT is sent to the Slurry Mix 

Evaporator (SME) where the mix is further reduced by evaporation before being sent to the MFT 

(Melter Feed Tank). The MFT, as its name suggests, feeds the waste to the melter, where the waste 

melted into glass canisters and vitrifies. The glass canisters are then transported to the Glass Waste 

Storage Buildings. The condensate resulting from the evaporation is temporarily stored in the 

Recycle Condensate Tank (RCT) at DWPF, before it is sent back to H Tank Farm through the 

Recycle Pump Tank (RPT).  
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The reason for vitrification is to immobilize the radioactive waste in a solid state to prevent the 

spread of contamination via groundwater in case of canister failure. The 10-foot-tall canisters are 

stored in a concrete vault underground in the Glass Waste Storage Facility and effectively shield 

away the radioactivity of the high-level waste. [2] 

 

 
Figure 2: Empty Glass Canisters [2] 
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2. PROJECTS DESCRIPTION 

During the summer internship, the student was part of the Process and Regulatory Engineering 

Group at DWPF. Although most of the work of the group falls into the discipline of chemical 

engineering, site mentors provided different projects that were related to the intern’s field 

(mechanical engineering) focusing on fluid dynamic problems dealing with pump curves of waste 

transfers within DWPF and to other facilities. Along with this, the intern collaborated by 

completing tasks related to the regulatory side of operations by drafting technical documents and 

analyzing technical and safety documents. Below is a description of the three main projects 

assigned during the internship. 

2.1 PUMP CURVE CALCULATIONS FOR NEW TRANSFER PATH FROM DWPF TO TANK 

FARM 

Waste processing at DWPF involves boiling in the SRAT and SME to concentrate the waste by 

evaporation. The condensate resulting from the evaporation in these two tanks is then transferred 

to the RCT. Although the content in the RCT is mostly water, it is still contaminated and 

considered waste. Therefore, it is then transferred back to Tank Farm through the RPT. The RPT 

is a pump tank with the sole purpose of aiding in the transfers from RCT to Tank Farm. 

 

Currently, only 1 out of the 27 active tanks in H-Tank Farm can receive transfers from the RCT, 

Tank 22. Considering that there can only be 1 transfer at a time involving Tank 22, this is a very 

inefficient condition. Operations have been slowed down in the past by Tank 22 being unable to 

receive transfers from RCT. When the RCT is full, processing in the SRAT and SME needs to stop 

since there is no other tank that can hold the condensate generated by boiling. Below is a table 

showing instances in the past when the Tank 22 was involved in a different transfer and the RCT 

was considered to be “full’’ or above 7500 gallons. 

 
Table 1: Tank 22 transfers compared to RCT levels. 

Start Date Termination Date Sending Receiving 

Transfer 

Duration 

(hrs.) 

RCT Level at 

Start (GAL) 

3/15/2023 2:02 3/17/2023 1:10 Tank 22 Tank 51 47.1 7879 

2/16/2023 4:11 2/17/2023 5:58 Tank 22 Tank 51 25.8 9107 

11/1/2022 17:30 11/4/2022 13:31 Tank 22 Tank 41 68.0 9201 

11/2/2021 11:54 11/4/2021 1:01 Tank 22 Tank 38 37.1 8070 

 

To prevent system downtime, efforts were made to approve a new transfer path from RCT to the 

tank farm. Tank 35 was identified as a possible receiving tank. The intern was tasked with 

calculating the expected flow rate from the RPT to Tank 35 with the current pump and pipelines.  

2.2 COMPUTING DATA OF TRANSFER DRAIN BACK  

Interarea transfers are extraordinarily complex due to the extensive pipelines and numerous valves 

that are controlled from the control room. To support the operators, a possible digital assistant was 

proposed that would semi-automate transfers from RCT to Tank 22. The program would control 
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valves and the pump while the operators monitored the process, rather than manually controlling 

every system.  

 

As mentioned before, the RPT is a pump tank acting as an intermediary between the RCT and 

Tank 22. The RPT is also at a lower elevation and when the pumps are shut down the contents of 

the pipes drain back into this tank. In order to program the digital assistant without creating unsafe 

conditions, the volume of the drain back needed to be known to prevent overflow in the RPT. The 

intern was tasked with determining the drain back after transfers. 

2.3 ANALYZING PREVIOUS FLOW RATE CALCULATION 

In an attempt to improve efficiency, a calculation was made by the Design Services Engineering 

Group to predict the increase in the flow rate of a transfer into the SRAT after removing an orifice. 

An orifice plate is a flow obstruction put in place to reduce the flow rate. The calculation expected 

a flow rate of no more than 12 gallons per minute. The maximum allowable flow rate as per 

operation was 14 gallons per minute. A flow rate of more than 14 gallons per minute was 

considered to be potentially unsafe due to flammability concerns associated with an organic 

component in the liquid. 

 

After the removal of the orifice, the actual flow rate of the transfer exceeded the allowable limit of 

14 gallons per minute, creating a potentially unsafe condition. The intern collaborated with other 

engineers in reviewing the calculations made by the Design Services Engineering Group to identify 

the causes of the discrepancy. 
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3. RESULTS AND ANALYSIS 

2.1 PUMP CURVE CALCULATIONS FOR NEW TRANSFER PATH FROM DWPF TO TANK 

FARM 

The extended version of the Bernoulli equation was used to calculate the friction losses and the 

necessary pump head, as shown in the Crane Handbook [3].  

 
Equation 1: Extended Bernoulli Equation from Crane Handbook [3]. 

𝑧1 +
𝑣1
2

2𝑔
+ 𝑃1𝑉1

𝑔𝑐
𝑔
+ 𝐻𝑝 = 𝑧2 +

𝑣2
2

2𝑔
+ 𝑃2𝑉2

𝑔𝑐
𝑔
+ 𝐻𝑓 

Where:   

z = height above reference level (ft) 

v = average velocity of fluid (ft/sec) 

P = pressure of fluid (lbf/ft2) 

v = specific volume of fluid (ft3/lbm) 

Hp = head added by pump (ft) 

Hf =  head loss due to fluid friction (ft) 

g = acceleration due to gravity (ft/sec2) 

 

The level in the RPT is chosen as point 1 and the level in Tank 35 is chosen as point 2. Since the 

pressures in both tanks are almost identical, the pressure terms of the equations cancel out. Since 

the velocity of flow at the liquid level in the tanks is almost 0, the velocity terms also cancel out. 

As a conservative measurement in the calculation, the flowrate was calculated when the RPT was 

almost empty and Tank 35 was almost full (lowest point of z1 and highest point of z2). The head 

loss due to fluid friction is a function of Reynolds number, pipe roughness, pipeline length, elbows 

and valve fittings, and flow velocity.  

 

Scrolls and drawings were analyzed to determine the length of the pipeline and all flow restrictions. 

The head provided by the pump is dependent on the flow rate and is a function of the pump head 

v. flow rate is provided by the manufacturer. The total losses were calculated at different flow rates 

and the result was plotted in the graph below. The intersection of system head losses and the pump 

capacity curve is the theoretical maximum flow rate achievable with the current pump. As seen in 

Figure 3, the maximum flow rate is around 120 gallons per minute at 2400 RPM, the maximum 

pump frequency. The flow rate of transfers from RPT to Tank 22 is around 145 gallons per minute 

at 2320 RPM. Although the flow rate to Tank 35 would be lower, it is still valuable to approve the 

new transfer as an alternative route to prevent system downtime and processing delays when Tank 

22 is unavailable. 

 

These calculations were made for scoping purposes to determine if it was worthwhile to begin the 

formal process. Although the results were favorable, the Design Services Engineering Team 

needed to validate and replicate these calculations. In collaboration with Tank Farm Design 

Authority, the intern drafted a Technical Task Request, a formal document requesting the 

calculation from Design Services and providing all the necessary references and engineering 

drawings needed.  
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Figure 3: Pump curve of transfer from RPT to Tank 35. 

2.2 COMPUTING DATA OF TRANSFER DRAIN BACK  

Data from the level sensors in the RPT and Tank 22, as well as data on RPT pump velocity and 

valve position, were available on the PI Processing Books database. To quantify the drain back, 

RPT level sensor data was mined for every time the pump shut down and 3 hours after that. The 

difference between these values is the drain back volume. This was repeated for all transfers 

since 2021. As shown in figure 4, the drain back average was 2000 gallons with a maximum of 

2300 gallons. The lowest points in the graph are at 1200 and 1560 gallons, but these values 

correspond to temporary transfer stops rather than drain back. The actual minimum drain back is 

1880 gallons. 

 
Figure 4: Drain back of RPT in gallons. 
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Another task related to this project was reviewing technical and safety documents to identify 

administrative controls preventing the implementation of automatization of transfers from RCT to 

Tank Farm using digital assistants. 

2.3 ANALYZING PREVIOUS FLOW RATE CALCULATION  

This project was tackled in collaboration with other engineers. It was assigned towards the end of 

the internship. The calculations made by Design Services were reviewed and analyzed. There are 

several possible explanations for the difference between the calculated flow rate and the actual 

flow rate, but a definitive cause was not identified. 

 

The most likely explanation is an overestimation of head losses caused by fluid friction with the 

pipeline and an underestimation of the head losses caused by the orifice. The coefficient of friction 

used in the calculations was given by the Crane handbook [3]. This coefficient of friction refers to 

a small orifice placed in a pipe, that presents a sudden contraction and a sudden expansion of the 

flow. Figure 5 shows the engineering drawing of the actual orifice plate in the pipe. Instead of a 

sudden expansion, it is a gradual expansion that reduces turbulence and the effect the orifice has 

on fluid flow rate.  

 
Figure 5: Engineering drawing of the orifice plate installed in the pipe. 
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Another explanation for the calculation error is the intrinsic flow rate underestimation of constants 

when calculating pump curves. Engineers are usually concerned with a given pump of a system 

being able to move a fluid above the desired flow rate. In calculations, there is a tendency by the 

engineers to underestimate the flow rate to prevent situations where the installed pump is too small 

for the system. The pump curves provided by the manufacturer and the experimental factors and 

coefficients available in the literature might follow this approach. However, in the case of this 

transfer, overestimation was the conservative measurement instead of underestimation. 

 

The Design Services Engineering Group also determined that fluid properties also played a role in 

the discrepancy. Process changes had reduced the viscosity of the stream from what had originally 

been evaluated. A less viscous fluid will have a higher Reynolds number and lower friction factor, 

resulting in a higher flow rate. 
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4. CONCLUSION 

This summer internship was a very valuable experience. When referring to interns, SRMC had the 

motto of “learners first, contributors second.” This internship was just that. The focus during the 

first few weeks was to learn as much as possible about the operations of the facilities. That 

knowledge was crucial to contribute to solving real issues of the plant. Student researchers are 

often presented with one complex project at their university to be solved during the course of their 

graduate studies, but this internship offered an experience closer to the work engineers do at DOE 

sites. With the support of his mentors, the intern was able to complete several projects with clear 

deliverables and goals, while managing smaller day-to-day tasks assigned by other team members. 

The internship provided an invaluable learning experience, not only in terms of technical skills but 

also in professional development and collaboration within a team environment. The entire group 

played an instrumental role, offering consistent guidance, encouragement, and constructive 

feedback. Their support was crucial in navigating the complexities of the projects to make the most 

out of the summer internship. 
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