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Updated Schedule is getting compressed 

with a few potential conflicts-
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We need to 
remove/move the 
ProtoDUNE-II Trial 

assembly frame to do 
the APA shipping 

frame tests. Footprint of DUNE Cryostat 
structure
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Need to get APA 
assembly tower, 
ProtoDUNE Trial 
assembly, TPC 
components, false floor, 
scissor lifts and avatars 
added to module so we 
can properly show the 
installation process  

Steel erection needs to be 
performed off peak in northern 

Minnesota to contain costs



Phase 2 Scope
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• Draft AR Installation Prototyping 

requirements document on EDMS 

2169069

• This needs to be updated has plans 

have slightly modified, waiting for good 

3-D model to update installation plans

• Document also includes ProtoDUNE-II 

trial assembly work; it again needs to be 

updated as better models are available. 

FD-SP Installation Prototyping Goals

• The goals for the DUNE SP-FD installation prototyping program 
are as follows:

• Test each of the detector installation steps with full scale 
mechanical mockups based on the detector components final 
design. 

- Verify the component interfaces are accurate and well understood and 
that the detector can be assembled.

- Verify the proposed installation tooling is adequate and re-design where 
needed.

- Propose design revisions to the detector components where needed.

• Draft assembly procedure documents for all the installation work.

• Archive a complete set of component documentation for the 
mockup tests. 

• Write full set of Hazard analyses for the installation process and 
identify points where risk mitigation would be beneficial to reduce 
the risks.

• Test proposed access equipment (scaffold, scissor lifts, work 
platforms) and lifting fixtures.

• Perform assembly time and motion studies including labor 
estimates which will be used to develop the schedule.

• Train the installation crew prior to start of work underground.

2113015_1


Ash River Prototyping and Milestones
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• The Phase 2 schedule has slipped 
considerably in the last 6 months. 
Original goal was to build the support 
structure and do the initial DSS and 
shuttle beam test before the Directors 
Review. 

• Many of the critical APA doublet, PD and 
CE cable tests where done during 
Phase 1 except for the APA Shipping 
frame. This is still an ASAP Prototype 
test. 

Are there any other critical tests
required by the APA or HV consortia 

before the Phase 2 support structure is 
in place? 

ProtoDUNE-II testing has moved into the 

critical path since this is the first full 

scale test of the new HV components 

including latches, APA to Endwall 

interface, CPA to Endwall interface, 

Installation and deployment procedures

• We plan on using the new DUNE APAs 

which includes and required additional 

“features” like latches, upside-down APA 

yoke and cable trays.

DOCUMENTATION! DOCUMENTATION!

This will stop us in our tracks 

and we are already behind  



DOCUMENTATION
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We can’t start any of the Phase 2 Trial 

Assembly work without the proper 

documentation!

• Basis of Materials (tracking information 

for shipments), Assembly drawings, 

component drawings, 3-D models 

• Engineering notes for TPC components

• Installation Procedures

• Hazard Analysis 

All this needs to be posted to EDMS and 

signed off as required. 



Documentation!
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• It needs to mirror what is needed for both 

ProtoDUNE-II and DUNE. Ash River is 

not different we can not proceed without 

the proper documentation in place.

• We can not lift an APA or CPA

component until it has been approved by

the Compliance Office. For Phase 1 we 

used a single engineer sign-off on the 

structure and the components.  

The Compliance Office defines, leads and 

implements the process of assessment, 

validation and sign-off for the equipment 

compliance to mechanical and the electrical 

standards and regulations.

• Ash River has the added complication 

that we also need to have most of the 

work approved by the University of 

Minnesota ES&H for installation 

procedures, hazard analysis by the 

NOvA Far Detector Lab safety officer 

and our University ES&H contact Jean 

Cranston (and other experts if needed)

• In additional we also are required to get 

building and electrical permits approved 

by UMN code officials. 



Current Status Trial Assembly @ Ash River
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• Added a 6th NOvA crew, still plan to add one 
more over the next 6 months.

• BARR Engineering is working on completing the 
drawing/bid package for the DUNE Trial 
Assembly support structure. They still need some 
information from CERN to complete the design, 
so it is ready to be reviewed by the University of 
Minnesota and DUNE. 

- Drawings are at the 50% level now, and a 3-D 
model has also been supplied. 

• Pushing to have completed drawings and bid 
package on the street by the early March

• Contractor site visit for bids mid-March, bids 
early by April- DSS will be bid separately 
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DSS support/cryostat structure features
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It has several important design features

• TCO opening with both TCO beams (and the 
warm structure finger) 

- This will allow us to see if it is feasible to bring 
scissor lifts in and out

- Test mechanical connection between TCO beam 
and Shuttle beam

- This is the planned location to add the top field 
cages to the completed CPA assembly. 

- The second beam will be used for installing the 
APA Doublet. This beam is likely the only place we 
can test the double chain hoist for lifting the APAs 
out of the shipping frame. 

- We will mock-up the TCO opening size as well

APA 
Assembly 
Tower



DSS support/cryostat structure features
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DSS and shuttle beam system

• Including trolleys, and removable 

runway beams identical to DUNE

• DSS steel come from CERN? It is 

made in Switzerland, 

• Current plan is to put the stainless 

steel and trolleys on a separate 

bid package since details are not 

completed yet. 



DSS support/cryostat structure features
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I have not been able to get models 

combined yet, so this is original 

concept snapshot

• This will allow us to build row 1 

and row 25 the most difficult one

• The dimensions are identical to 

the inside of the cryostat, we will 

mock-up cryostat walls, cryogenic 

plumbing everything that will be 

in our way!

• We will build the false floor and 

test how it works including driving 

scissor lifts on it. 



DSS support/cryostat structure features
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• Design of DSS support is such if it is 

decided a full feed-thru needs to be 

tested the green horizontal beam and the 

short vertical column can be removed

• Appropriate support can be added to 

allow new support for DSS feed-thru and 

flange can be added

• The hole pattern on the top of the 

Stainless Steel DSS beams matches the 

proposed hole pattern on the DSS 

support

• This would include Dual Phase if needed



DSS support/cryostat structure features
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• The layout of the support columns and 

beams has been done to ensure that 

ANY feed-thru penetration at DUNE can 

be added when needed. 

• We plan on installing a mock-up of all 

cryogenic plumbing or monitoring 

equipment that will be in our way from 

the bottom side. 

• We will also add sections of cryostat 

walls and ceilings where appropriate to 

again make access more realistic

• If/when we do a phase 3, we will add 

the appropriate cable feed thru’s  



Continued progress with Phase 1 tests
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New handrails – better access to APA

Test new bottom APA installation 
concept using slings and 
spreader bar and trolleys 

Week of 30 Sept. APA doublet 
workshop at Ash River

Demonstrate procedures to DUNE 
ES&H, UMD ES&H and QA teams, 
review documentation 

Received Occupational Readiness 
Clearance  from UMN



CPA Assembly Frame is installed
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• The CPA assembly Frame has 

been installed and is basically 

ready for use

• We need to write update the 

installation documents, HA’s and 

include all the engineering notes 

on the CPAs and post on EDMS 

in the Trial Assembly area

• Current plan is to use module 0 

CPA panels (full field shaping 

strips) so we can fully test both  

installation and QA/QC using the 

inventory system being 

developed at the University of 

Minnesota



Second PD cable 

installation tests
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• Dave Warner(CSU) and Kyle Keug(PSL) 

visited Ash River December 18th-19th to 

test the improved version of the 

bulkhead connection and cable routing 

• A more compact connector layout with 

an additional cable for temperature 

sensors was added. 

• Kyle installed a new version of the APA 

alignment pins to insure we have the 

proper alignment as the two APAs come 

together. 

• Both were very successful 



Lessons learned  from Phase 1
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This is list of comments and suggestions from 

the September workshop:

• Need to order another set of slotted tubes to 

do PD installation tests in ~April, should 

confirm they are lower ones with drawing 

sets.

• Need to update design of strain relief on top 

APA, test first at BNL during tests there and 

confirm at Ash River this summer

• Dan made minor modifications to actuator to 

help stabilize it, could use a few more 

tweaks 

• Completed new PD cable tests and 

alignment pins

• Need to improve design of protection panels 

for APA. Particularly the heavy C-Channels 

are difficult to install. These were left over’s 

from ProtoDUNE and not designed for the 

new APAs. Needs further testing

• Ordered cable reel roller and successfully 

tested 

• Need to try ¾” and 1” cable mesh on bundle 

when split into two bundles, this will be 

tested at BNL

• The bolt for the latch cannot be installed or 

removed after the unistrut cable tray support 

is installed. It will be investigated if the nut 

on the latch pin can be eliminated-BNL



Lessons learned  from Phase 1
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• The new lower APA cable assembly was 

fed through the conduit. The new 

assembly has a break in the mesh 

where the extra length is collected. This 

needs protected as it goes over the 

sheave. A strap should be integrated in 

the cable assembly to support the loose 

cable section during installation.

• GOOD Radio headsets should be tested 

for better communication. 

• We added 4” steel tube to the top of 

the tower to minimize movement of 

the segmented beam. 

• Tested lifting lower APA with straps 
to eliminate the use of a second hoist 
on the tower. Basically worked well 
but a turn buckle adjustment needs to 
be added

• Modify the existing lifting beam to lift 
allow for a doublet to be transported. 
This needs a new engineer note from 
PSL to allow us to complete this task. 
Hardware is on hand. 

• Modifications to the trolley design were 
completed by Argonne and a new set 
sent to BNL. Since that time CERN has 
designed a new trolley which needs 
tested at Ash River



ProtoDUNE-II Trial Assembly 
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ProtoDUNE-II Trial Assembly 
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• We have already been testing the model 

-1 version of the FC and ground plane at 

Ash River for ~6 months 



ProtoDUNE-II Trial 

Assembly- What to do?
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• Using the top and bottom APA we have at Ash 

River we could build ½ of the ProtoDUNE detector 

- HV will have two end walls and 2 pairs of top and 

bottom field cages

• BUT this will require a new lifting 

fixture/yoke/connection for the bottom APA to be 

rolled onto the trial assembly structure. BUT this is

an important test to see how the new latches work.

• We can do the top APA right away and wait on the 

bottom one if the new yoke is not available.  

ProtoDUNE Trial Assembly



ProtoDUNE-II Trial Assembly 
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There are a lot of new components needed, 

most of the HV ones will be made with used 

extrusions but new frames

We need to define the scope

What needs to be tested:

New HV components including a minimum of:

• One pair Top and Bottom Ground Plane

• One end wall 

• One upside down APA

With the it includes all new:

• Lifting fixtures and deployment tools

• New FC latches

• New yoke/trolley system for upside 

down APA

• New cable trays going to new feed-thru 

locations, new cables

• New interface brackets between End 

Wall and APA and End Wall and CPA

• ???



Action Items 

and 

Backup Slides
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ID-81934 

Rigging Hours

4  February 2020 Ash River Prototyping -Update     26

All rigging done in both the cleanroom and cryostat 

will be done by trained I&I core technicians-Not the 

rigger operators that bring equipment int the cavern. 

• Most operations are simple, raise APA with a hoist, 

use a power pallet jack,  small forklift, moving TPC 

components from APA tower to cold box or 

cryostat, winches for FC deployment. 

• All core technicians will be training and certified in 

the specific equipment

• Typically these “rigging” tasks take 10’s of minutes 

and would use crews of 2-3 FTE depending on the 

task. But they assist in the prep work, cover 

removal, removal of shipping containers, etc. 
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ID-81939

Procedures-End Wall
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• These procedures will be confirmed during the Ash 
River Trial Assembly for both ProtoDUNE-II and 
DUNE

• First End Wall section was constructed at LSU 2 
weeks ago

• Basic concept is the same for ProtoDUNE, the top 
section is lifted, and the next section is bolted on

• Major difference is that End Walls are constructed 
underground, starting ~2 months before the 
cleanroom infrastructure is completed

• The more difficult  EW is the last one where 
workspace is greatly reduced.



ID-81922 - Cleaning

the Cryostat
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• We are assuming that we start with a
clean cryostat and an installed floor

• Once a row of APAs is in place we can 
no longer to the side walls. 

• Our plan is to clean an area of the walls
BEFORE the APAs go into place. This 
process will be repeated before each 
new row is started. 

• During the deployment stage of the
detector installation as the floor is 
removed it is HEPA vacuumed and 
alcohol wiped while access is available

For this to work:

• It is critical that the ventilation system for 

the cryostat is designed properly, clean 

air flows thru the cryostat into the 

cleanroom

• Stand-alone HEPA recirculation system 

will reduce the partial count in both the 

cryostat and cleanroom to get it down to 

ISO-8 standards. 

• ALL staff and equipment entering the

cleanroom will required to follow the 

procedures in place to minimize the 

contamination 



Phase 2 TPC Component Deliverables
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1

2

Row 1 Row 25

New HV Design

• End Walls, Field cages, 

ground plane designs have 

all changed and require full 

testing if possible



Ash River-University of MN
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• What we have now:

• Long winters but a nice place to work!

• Constructed APA and CPA Assembly tower

• ProtoDUNE Trial Assembly structure

• Two 10-ton cranes

• Access equipment-40 & 26 ft scissor lifts, 60 ft boom 
lift, numerous size work platforms and ladders

• Forklift, motorized pallet jack, pallet jacks

• Machine shop, hand tools, welders, and people that 
know how to use them

• Loading dock area for deliveries

• Office and meeting space for small work shops 



Ash River
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What we need :

• Completed Cryostat and APA 

Assembly work platform

• Documentation and approvals for 

new structure from DUNE and 

UMN-This is a large job 

• Updated Installation procedures 

and HA documents for phase 2-

This is also a very large job 



Deliverables DSS - CERN
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What we have now:

• 3-D drawings

What we need:

• Model of Shuttle beam trolleys so they 

can be added to our model 

- Drawings, specifications, engineer 

reports, etc. so they can be built

• Model of APA trolleys so they an be 

added to our model

- Drawings, specifications, engineer 

reports, etc. so they can be built

• New DSS and shuttle beam design so 

they can be put out for bids. 

• Design of the Ground Plane support



Deliverables APA Consortia
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What we have now:

• Operational APA Assembly frame and 

actuator 

• Two APA frames

• Two upper slot conduits

• Yoke and hardware

• APA linkage 

• Single APA lifting fixture



Deliverables APA Consortia

4  February 2020 Ash River Prototyping -Update     35

What we need :

• Design and engineering report for lower 

APA lifting fixture

• New engineering report and update 

drawing for APA Doublet lifting fixture 

(we will do a new load test)

• 2 additional slotted conduits 

• APA hanger support

• New C-Channel and APA Protection 

panels for both top and bottom APA

• APA shipping Frame with ALL the 

features discussed. Including outside 

protection panels, and all required 

documentation and approval to use it

• Can we use two APAs from 

ProtoDUNE to make the second 

Doublet for the tests at Ash River? 

Use the new shipping frame to send 

them from CERN to Sanford Lab, ride 

underground and then back to Ash 

River. 



Deliverables PD Consortia
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What we have now:

• Some PD rails and misc. hardware

What we need:

• New set of cables and bulkhead to be 

installed between APA including ones 

that go from the Top APA to feed-thru

• Some small number of dummy PDs to 

practice the installation process 

• New cables so QC test can happen 

during the installation process.

• Installation tooling required to put them 

in place



Deliverables HV Consortia
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What we have now:

• Operational CPA assembly tower

• Some number of extrusions left over from 
ProtoDUNE. I do not know if this is enough for 
both ProtoDUNE-II and DUNE trial assembly

• Some HV equipment that will be left over from 
ProtoDUNE-II trial assembly, not clear what 
can be used in DUNE.  

The HV consortia has taken over the design 
of many of the critical interface features that 
align and support the TPC:

FC latches on top and bottom APA, 
mechanical connection between End Wall and 
APA, End Wall and CPA, End Wall hangers, 
CPA hangers (?) Ground plane and DSS (may 
go to DSS) 

What we need:

• Two pairs of module 0 top and bottom 
FCs with latches, lift points and hinges to 
connect to CPA panel. This includes the 
installation frame for assembling the FC 
components. 

• Module 0 End Wall two full end wall 
sections including so we can test “dual 
deployment” to End Wall hanger.

• Including End Wall assembly frame/table 

• CPA panels including the field shaping 
strips. They would not have to have 
resistive panels unless we wanted to do 
full QA/QC tests. 



Deliverables HV Consortia
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What we need:

• Lifting fixtures for all components with 

engineering notes, They can be load 

tested at Ash River if needed. 

• Field Cage deployment hardware 

including documentation

• Do we include electrical connections 

and tests? It would be helpful for time 

and motion studies.

• End Wall hangers 

• Tie-rods to hold/adjust alignment of 

bottom APA and bottom FC

What we need:

• We have no clips for old Al extrusions 

• Proper size ground plane panels and 

connection to DSS support system

• QC documentation is in good shape 

with Steve working with Hajime on 

software. We should try and use the 

inventory system-See next few pages  



QA/QC and inventory for HV system 
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Could also give brief 

introductions for a 

particular production site 

or about the assembly 

itself.



QA/QC and inventory for HV system 
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QC check boxes



QA/QC and inventory 

for HV system 
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The corresponding pinch-able 
drawing(s) can pop up.

When needed, more detail 
description of what to look for in 

each QC check can be shown.



QA/QC and inventory for HV system 
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The final QC check list to be 
uploaded to the hardware DB.



Schedule & NOvA Resources Conflicts
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• We can’t do the APA Shipping Box test 

with the ProtoDUNE-II support structure 

in place, while we will not get rid of it 

would take a ~week to take down and 

put back up. It would be much more 

efficient to complete at least the first 

pass set of tests.

• If the installation of the DUNE Trail 

Assembly structure slips a ~month it 

would be adventitious to have that 

additional floor space for laydown area. I 

plan to put in the bid documents that the 

contractor could remove it and put it 

back up.

• Most of any future ProtoDUNE-II could 
be done on the DUNE Trial Assembly 
structure

• Delays in the Phase 2 work may cause 
conflicts with the available NOvA staff for 
ProtoDUNE-II if we are attempting to do 
both at the same time. 

• Future work shops at Ash River

- Remember that Ash River is a tourist area 
and local housing becomes more 
problematic during the summer. Larger 
workshops (10-20 people) should be 
scheduled in late September/October or 
late April/May when housing and 
restaurants are easily available. 
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