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FIG.5

(57) Abstract: Moisture-activated expanding foams used with Underwater Deployable Structures (UDSs) are useable on site as they
are designed for use in wet environments and do not deteriorate over a period of days, months or even several years. These foams
begin as polyurethane-based resins of low viscosity, and react in the presence of water to become solid foam. In their final forms, the
foams exist as open- or closed- cell, and vary in strength, elasticity, and rigidity. The foams may be deposited on a substrate using a
3D printer or a mixer having an outlet to dispense the expandable foam. Substrates may be part of UDSs having cavities for the foam
to support or expand the UDS to a usable structure. The foams may also be use in other manners, including with a buoyancy engine
that may raise or lower a UDS to a desired depth.
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Box No. Il Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. D Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. IIl  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This Intemational Searching Authority found multiple inventions in this intermational application, as follows:

-- See Extra Sheet -

1. EI As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. K{ No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted
to the invention first mentioned in the claims; it is covered by claims Nos.:
1-10

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

|:| No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2019)
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Continuation of Box lll: Observations where unity of invention is lacking

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be searched, the appropriate additional search fees must be paid.

Group I: Claims 1-10 directed to a method of making a foam object for an underwater deployable structure, the method comprising
depositing a moisture-activated foam substance onto a substrate, the moisture-activated foam substance being expandable in volume
from an unexpanded state to an expanded foam; and activating a chemical reaction of the moisture-activated foam substance with
moisture to expand the moisture-activated substance in volume to the expanded foam.

Group lI: Claims 11-14 directed to a method for underwater deployment of an underwater deployable structure in unexpanded
configuration having a plurality of beams coupled together, the beams being mechanically expandable underwater from the unexpanded
configuration to an expanded configuration, the beams having an outer wall with hallowed sections therein defining cavity wells, the
method comprising: inserting a moisture-activated substance located within a cavity well of a first beam, the moisture-activated
substance being expandable in volume from an unexpanded state to an expanded foam; and activating a chemical reaction of the
moisture-activated substance with moisture to expand the moisture-activated substance in volume to the expanded foam and fill the
hallowed section of the cavity well.

Group |Ii: Claims 15-20 directed to an underwater deployable structure buoyance device, comprising: an underwater deployable
structure; a buoyance container attached to the underwater deployable structure, the buoyance container including moisture-activated
substance being expandable in volume from an unexpanded state to an expanded foam via chemical reaction; and a deployment
mechanism adjacent the moisture-activated substance that allows moisture to access the moisture-activated substance and chemically
react with the moisture activated substance to expand the moisture-activated substance in volume from the unexpanded state to the
expanded foam, the underwater deployable structure deployable to a first underwater depth with the moisture-activated substance in the
unexpanded state, the expanded foam being lighter than water and configured to raise the underwater deployable structure from the first
underwater depth to a second underwater depth  shallower than the first underwater depth.

The inventions listed as Groups I-lll do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons:

Special Technical Features:

Group | requires a method of making a foam object for an underwater deployable structure, the method comprising: depositing a
moisture-activated foam substance onto a substrate, the moisture-activated foam substance being expandable in volume from an
unexpanded state to an expanded foam; and activating a chemical reaction of the moisture-activated foam substance with moisture to
expand the moisture-activated substance in volume to the expanded foam, not specifically required by Groups Il or Il

Group |l requires a method for underwater deployment of an underwater deployable structure in unexpanded configuration having a
plurality of beams coupled together, the beams being mechanically expandable underwater from the unexpanded configuration to an
expanded configuration, the beams having an outer wall with hallowed sections therein defining cavity wells, the method comprising:
inserting a moisture-activated substance located within a cavity well of a first beam, the moisture-activated substance being expandable
in volume from an unexpanded state to an expanded foam; and activating a chemical reaction of the moisture-activated substance with
moisture to expand the moisture-activated substance in volume to the expanded foam and fill the hallowed section of the cavity well, not
specifically required by Groups | or Ill.

Group Il requires an underwater deployable structure buoyance device, comprising: an underwater deployable structure; a buoyance
container attached to the underwater deployable structure, the buoyance container including moisture-activated substance being
expandable in volume from an unexpanded state to an expanded foam via chemical reaction; and a deployment mechanism adjacent
the moisture-activated substance that allows moisture to access the moisture-activated substance and chemically react with the
moisture activated substance to expand the moisture-activated substance in volume from the unexpanded state to the expanded foam,
the underwater deployable structure deployable to a first underwater depth with the moisture-activated substance in the unexpanded
state, the expanded foam being lighter than water and configured to raise the underwater deployable structure from the first underwater
depth to a second underwater depth shallower than the first underwater depth, not specifically required by Groups | or Il

Common Technical Features:

Groups |-l share the technical feature of an underwater deployable structure.

Groups | and I share the technical feature of depositing a moisture-activated foam substance onto a substrate, the moisture-activated
foam substance being expandable in volume from an unexpanded state to an expanded foam; and activating a chemical reaction of the
moisture-activated foam substance with moisture to expand the moisture-activated substance in volume to the expanded foam.
However, these shared technical features do not represent a contribution over prior art, because the shared technical feature is being
anticipated by US 2006/0159523 A1 to Dixon et al. (hereinafter ‘Dixon'). Dixon discloses an underwater deployable structure (Abstract -
...Apparatus for providing an enclosure, for example as a housing or to provide buoyancy, at underwater locations is disclosed...").

-- See Extra Sheet --

Form PCT/ISA/210 (extra sheet) (July 2019)
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Contination of Box Ili: Oberservations where unity of invention is lacking

However, these shared technical features do not represent a contribution over prior art, because the shared technical feature is being
anticipated by US 2015/0119480 A1 to Royal Adhesives & Sealants Canada Ltd. (hereinafter ‘Royal’). Royal discloses depositing a
moisture-activated foam substance onto a substrate (para [0022] - '...it is believed that upon exposure to moisture, the polymer cross-
links to build viscosity and cure, simultaneously water molecules are adsorbed onto the surface and pores of the molecular sieve forcing
the desorption of other gaseous adsorbates leading to the expansion of the polymer...), the moisture-activated foam substance being
expandable in volume from an unexpanded state to an expanded foam (Abstract - '...A one-component moisture curing composition
expands and cures under ambient conditions without the use of external blowing agents..."); and activating a chemical reaction of the
moisture-activated foam substance with moisture to expand the moisture-activated substance in volume to the expanded foam (para
[0018] - '... a catalyst compound can be used to promote the reaction between atmospheric water and the moisture curing functional
group of the polymer..."; para [0059] - '...Since both the curing and the foaming reactions require the presence of water or other
atmospheric gases, controlling their abundance, or lack thereof, during the manufacture of the foam is important...").

As the shared technical features were known in the art at the time of the invention, they cannot be considered common technical
features that would otherwise unify the groups. Therefore, Groups I-1Il lack unity under PCT Rule 13.

Form PCT/ISA/210 (extra sheet) (July 2019)
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